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purposes of advertisement,

Reproduction of this document in whole or in part is prohibited except with
permission of the Commander, Edgewood Arsenal, Attn: SAREA-TS-R, Aberdeen Proving Ground,
Maryland 21010; however, DDC and the National Technical Information Service are authorized to
reproduce the document for US Government purposes.




1.

V.

V.

CONTENTS

BACKGROUND .
DESCRIPTION OF COMMERCIAL RIOT CONTROL SPRAY DEVICES

A. MK 1V Chemical Mace .o
B. Federal Laboratories Items . . . . « . . . . . . .

1. Federal Streamer No. 280 .
2. Federal Laboratories Peacemaker

TOXICITY OF SEPARATE INGREDIENTS OF COMMERCIAL ITEMS.

A. Chloroacetophenone .

B.  1,1,1-Trichloroethane (Methyl Chloroform)

C. Dloxane (p-Dioxane 1,4-Dioxane) . .

D. Freon 113

E. Kerosene . . . . . . . . 000 e,

TOXICITY OF MIXTURES CONTAINED IN COMMERCIAL ITEMS .

A, MK IV Chemical Mace

1. - Effects on Animals .
2. Effects on Humans .
3. Conclusion .

B. Federal Streamer No, 280 .
1. Ocular and Cutaneous Tests

Direct Application of Liquid to Rabbits
Direct Application of Liquid to Monkeys .
Spray Tests in Rabbits Coe e
Patch Tests in Rabbits

Effects on Human Skin .

oo o

Tracheal Testsin Dogs . . . . . « . . « « . « .« .y
Oral Spray Tests in Dogs

TOXICITY OF CS FORMULATIONS

A, CS in Trioctylphosphate (TOF) .

1. Ocular Effects of CS/TOF and TOF Alone . .
2. Cutaneous Effects of CS/TOF and TOF Alone .
3

Effects of CS/TOF and TOF Alone on the Upper and Lower

Respiratory Tract Co
4. Systemic Effects of CS/TOF and TOF Alone

Page

~2

~3 ~ 2 ~ =

O OO o~

10

10

10
I1
11

11
11

12
13
14
14
15
15

16
16

16

16
17

17
17

VI.

VIIL

CONTENTS (Contd)

B. CS in Polyethylene Glycol (PEG 200)
C. CS in Propylene Glycol .

STABILITY OF CS SOLUTIONS . . . . . . . . . . .

A. CS/TOF Solutions
B. CS/PEG 200 Solutions

SUMMARY AND DISCUSSION .
A. Effects of Federal Streamer No. 280 Formulation, CS/PEG 200,

CS/TOF Solutions, and TOF Alone Instilled Into the Eyes of
Rabbits and Monkeys .

B. Effects of Federal Streamer No. 280 Formu]atlon CS/PEG 200

CS/TOF Solutions, and TOF Alone Applied Directly to the Skin
of Rabbits and Monkeys . .

C. Effects of Federal Streamer No. 280 Formulatlon, CS/TOF
CS/Propylene Glycol, and TOF Solutions Administered
Intratracheally to Dogs . . . . .

D. Effects of Spraying Federal Streamer No 280 Formulatlon and

CS/TOF Solutions on the Eyes and Skin of Rabbits .

E. Effects of Federal Streamer No. 280 Formulation and CS/TOF
Solutions Applied to Cloth Over Rabbit Skin

F. Effects of Federal Streamer No. 280 Formulation and CS/TOF
Solutions in Man . .

G,  Systemic Effects of Federal St1ea'ner No 280 Formulatlon
CS/TOF, and CS/PEG 200 Solutions .

LITERATURE CITED
APPENDIX, TABLES . . . . . . . . . . . . ...

DISTRIBUTION LIST

.18

Page

17

18

18
18

20

21



TOXICOLOGICAL ASSESSMENT OF RIOT CONTROL SPRAY
DEVICES AND FILLINGS

L BACKGROUND.,

In the search for effective but nonhazardous riot control devices, both commercial items {which
contained chlorcacetophenone (CN)] and locally prepared formulations [which contained o-chlorobenzylidene
malononitrile (CS)] have been studicd. Their effects on the eyes, skin, and trachea of animals and on human skin
have been assessed and the different formulations compared.

The commercial items were the MK IV Chemical Mace and the Federal Streamer No, 280; the locally
prepared formulations were CS in trioctylphosphate (TOF), CS in polyethylene glycol (PEG 200), and CS in
propylene glycol.

1. DESCRIPTION OF COMMERCIAL RIOT CONTROL SPRAY DEVICES,

A. MKV Chemical Mace.

The MK IV Chemical Mace is a riot control device made by the General Ordnance Equipment
Corporation, Pittsburgh, Pennsylvania, It is a plastic, cylindrical aerosol can, 1-1/2 inches in diameter, 6 inches long,
that contains about 30 ml of liquid material. Chemical analysis* revealed that this material contains 0.92% CN,
88.1% Freon 113, 4.6% kerosene hydrocarbons, and 6.4% 1,1,1-trichlorocthane. The pressurizing gas is carbon
dioxide, When sprayed, the material collected in a chilled flask contained 0.93% CN, 88.7% Freon 113,
5.2% kerosenc fraction, and 5% 1,1,1-trichloroethane,

B. Federal Laboratories Items.

1. Federal Streamer No. 280,

The Federal Streamer No. 280 is a liquid-squirting riot conirol . device made by the Federal
Laboratories, Inc., Saltsburg, Pennsylvania. Chemical analysis* in 1968 revealed 0.96% CN, 93.7% Freon 113, 5.2%
1,1,1-trichloroethane, and 0.15% paradioxane. When sprayed into a chilled flask, the material collected contained
0.85% CN, 92.5% Freon 113, 6.3% 1,1,1-trichloroethane, and 0.25% paradioxane,

2. Federal Laboratories Peacemaker,

No toxicological information is available on the Peacemaker. It is mentioned here only to differentiate
it from the Federal Streamer No. 280. The Peacemaker was analyzed* in 1968 and found to contain 1.5% CN,
73.1% propylene glycol, 24.4% isopropyl alcohol, and 1% Blancophore AW, When spiayed into a chilled flask, the
material collected was 1.9% CN, 77.6% propylene glycol, 19.7% isopropyl alcohol, and 0.8% Blancophore AW, The
pressurizing gas is nitrous oxide.

Illl. TOXICITY OF SEPARATE INGREDIENTS OF COMMERCIAL ITEMS.

A, Chloroacetophenone.

Chiloroacetophenone is a white crystalline solid with a boiling point of 244° to 245°C and a vapor
pressure of 0.0054 mm Hg at 20°C. It is poorly soluble in water but soluble in organic solvents.

*Analytical Chemistry Branch, Chemical Research Division, Chemical Laboratory,




The toxic and irritant propertics of CN have been investigated in man and animals since 1918. A
detailed description of those studies has been written by McNamara et al.!

For study of its inhalation toxicity as well as its eye irritant properties, CN has been dispersed in various
ways; ¢.g., as a dry dust, as an aerosol from the molten solid, as a spray, dissolved in acetone or other organic
solvents, and as a disseminate from several types of munitions (grenades). Monkeys, dogs, swine, goats, rabbits,
guinea pigs, rats, and mice have been exposed to airborne concentrations of CN. Among the numerous toxic signs
observed in exposed animals were nasal discharge, erythema, lacrimation, conjunctivitis, dyspnea, salivation, corneal
damage, and death. These signs were present in all species, Direct application of CN to the eye of the rabbit
produced conjunctivitis, blepharitis, and transient-to-permanent corneal opacity. Direet application of CN to the
skin of rabbits produced mild-to-severe erythema and necrosis.!

Pathologic findings in animals that died following exposure to acrosols of CN were: congestion and
edema of the lungs, emphysema, membranous tracheitis, and bronchopneumonia. !

The acute inhalation toxicity of CN to various species of animals has been studied. The data show that
CN dispersed from the No. 112 Spedeheat burning grenade is less toxic than when dispersed as the pure agent from
miolien material, dry dust, or solvent spray, A composite summary of the times to death of all the animals in all
these experiments showed that 75% of the deaths occurred in the first 3 days following exposure.!

Based on a study of subacute effects in monkeys, dogs, und guinea pigs that were exposed on
10 consecutive days to CN dispersed from the No. 112 Spedeheat grenade, there is little evidence of cumutiative
toxicity of CN.!

Physiological studies of the following parameters were made on anesthetized dogs inhaling CN in
acetone at Ct's ranging from 12,500 to 57,600 mg minfcu m: arterial blood pressure, electrocardiogram, arterial
oxygen, respiratory rate and depth, and heart rate. The most noteworthy finding was a decrease in blood oxygen
content despite an increase in respiratory rate and amplitude in those animals that eventually died.!

In August 1966, all of the toxicity data on CN from 1918 to 1965 on all animals by all laboratory-type
dispersions (excluding munitions) were combined and a value of 7,000 mg minfcu m was derived as the human
estimate for the inhaled LCt50 of CN.1+2 Also in August 1966, the toxicity data for CN dispersed from the
Spedeheat grenade for tests involving rats, guinea pigs, rabbits, dogs, monkeys, swine, and goats were combined, and
a value of 14,000 mg min/cu m was obtained as a human estimate for the inhaled LCt50 of CN.1»2

In man, CN acts on the mucous membranes to produce irritation, burning, and pain in the eyes, nose,
throat, and respiratory tract, The action on the eyes causes lacrimation, blepharospasm, and conjunctivitis. Effects in
the air passages and lungs cause coughing, sneezing, and a fecling of suffocation, These effects are noted immediately
and persist from 5 to 20 minutes after withdrawal from the contaminated atmosphere. ! '

Tests in September 1965, when the compound was dispersed in cold acetone spray and
spectrophotometric analysis was used, vielded an 1Ct50 for man of about 40 mg/cu m for exposures of 1 minute or
lcss.lThe ICt50 for men exposed to CN dispersed from the commercial grenade was 20 mgfcu m for 1 minute or
less.*

Five deaths have occurred in men following exposure to CN in inclosed spaces as a result of police
actions,® The cause of death has been attributed to damage to the respiratory system because of secondary
bronchopneumonia from inflammation of air passages* or acute pulmonary edema.?

B. = 1,1,1-Trichloroethane (Methyl Chloroform).

Methyl chloroform, a colorless liquid with a specific gravity of 1.3249 (26°/4°C) and a boiling point of
74.1°C, is used as a solvent, Chlorinated solvents sometimes require the addition of an inhibitor to prevent corrosion

of metals, Methyl chloroforim sometimes contains 2% to 3% dioxane, 0.1% to 0.3% butanol, and small amounts of
ethylene dichloride, water, etc,d

There were no detectable injuries in rats after acute vapor exposure for 18 minutes to 18,000 ppm
(1 ppm = 5.46 mg/cu m) and for 5 hours to 8,000 ppm. Maximum doses survived were 6 minutes at 30,000 ppm,
1-1/4 hours at 15,000 ppm, and 7 hours at 8,000 ppm.5 Animals were also exposed repeatedly for 7 hours per day,
5 days per week for | to 3 months. The growth of guinea pigs was slightly retarded at 650 ppm. At 3,000 ppm,
rabbits and monkeys shows? no response during a 2-month period. The growth of rabbits was slightly retarded at
5,000 ppm. Although this same concentration caused a mild narcotic effect in rats within 1 hour, there were no
injuries or deaths in 31 animals exposed during a 41-day period. Concentrations of 10,000 ppm produced weal.inss
and staggering in rats in 10 minutes and semiconsciousness in 3 hours. Some deaths occurred; survivors recov.red
overnight,

: The oral LD50’s for male rats, female rats, female mice, female rabbits, and male guinca pigs,
respectively, are 12,3, 10.3, 11,24, 5.66, and 9.47 gm/kg.? Patty’ states that 3.9 gm/kg and 15.8 gm/kg applicd
under a cuff for 24 hours did not kill any animals; skin irritation was mild.

There was no response in humans to 1000 ppm in exposures lasting up to 70 minutes. Drunkenness and
incoordination occurred at 2000 ppm. Two fatalities have occurred from exposures in a tank (30 minutes in one
case, time unknown in other) where the concentration may have upproached saturation.S The threshold limits for
humans to methyl chloroform established by the American Conference of Governmental Industrial Hygienists is
500 ppm (2700 mg/eu m).5

C.  Dioxane (p-Dioxane 1,4-Dioxane).

Dioxane is a colorless liquid with a specific gravity of 1,035 (20°/20°C) and a boiling point of 101.3°C
(760 mm Hg).8 '

Intravenous injection of dioxane in guinea pigs, rabbits, and cats produced acute hydropic degeneration
of the convoluted tubules of the kidney, Deaths were due to uremia caused by intrarenal obstruction.? Deaths due
to lung edema and respiratory failure occurred in guinea pigs that inhaled 1,000 to 30,000 ppm for 3 hours! 9 and in
rats, mice, guinea pigs, and rabbits that inhaled 4,000 to 11,000 ppm for 8 hours.!! Animals also exhibited
congestion of the brain, and liver and kidney damage was noted. In rats, mice, guinea pigs, and rabbits that were
exposed for 1-1/2 hours per day to 1,000, 2,000, 5,000, and 10,000 ppm, death from lung injury was high at the
lower levels, Those animals that survived repeated exposure at all doses developed marked liver and Kidney
damage.! 2 The single oral LD50 doses for mice, rats, and guinea pigs, respectively, were 5.66, 5.17, and 3.90 gm/kg.
Hemorrhagic areas were seen in the stomach and the kidneys were enlarged, Microscopic changes were noted in the
liver and kidneys.!3 Rabbits and guinea pigs fed 10 doses of 0.1 mi/kg showed changes in the liver and 5, 16, and
20 doses of 0.5 ml/kg killed some animals,!! Dioxane is not an irritant to the skin.® Liver and kidney damage has
been noted in guinea pigs and rabbits following repeated cutaneous applications.! 2 The compound has also been
reported as having hepatocarcinogenic activity in rats.14

Five humans died following inhalation of dioxane in a textile factory.8 The effects were irritation of
the upper respiratory tract and eyes, coughing, drowsiness, vertigo, headache, stomach pains, nausea, vomiting,
uremia, coma, and death. The lungs and brain were congested and edematous, and there was marked damage to the
liver and kidneys. The recommended industrial hygienic standard is 100 ppm. A concentration of 1000 ppm may be
relatively safe for a single exposure not exceeding 1/2 hour.8

D. Freon 113.

Freon 113 is a colorless gas or liquid with a boiling point of 45.8°C15:16 and a density of 1.5702,
Freon 113 has mild irritant properties, causes narcosis, and can sensitize the heart muscle to epinephrine. The latter
effect presents the most acute hazard to man.!7 Inhalation of 20% in air (200,000 ppm) may cause confusion,
tremors, pulmonary irritation, and, in rare cases, coma. Its effects are usually transient and there are no
sequelae,16, 18,19




No official value has been established for the maximum allowable concentration, but Sax!6 and
Elkins!8 suggest 1000 ppm (7,650 mgfeu m). This value will undoubtedly be lowered to reflect the sensitizing

properties of the matecial. At high temperatures or in open flame it decomposes and may liberate toxic materials
such as hydrogen fluoride, hydrogen chloride, and possibly phosgene,16

E.  Kerosene,

Kerosene is a4 petroleum hydrocarbon mixture of olefinic, naphthenic, and aromatic hyrdrocarbons that
boils between 200° and 300°C. The principal constituents arc aliphatics containing 5 to 16 carbon atoms. The
density is about 0.80. Although relatively nontoxic, kerosene may cause local irritation, 20121 drowsiness, collapse,
twitching of muscles, and coma.2! It damages the heart, liver, and kidneys.2!

The intravenous, intraperitoneal, inttagastric, and intratracheal toxicity in animals has been determined
by Richardson and Pratt-Thomas,22 Intratracheal doses of 0.25 and 1.0 mg/kg killed rubbits and dogs, respectively.
A fatal dose to rabbits by stomach tube was 35 ml/kg. It has been found that hydrocarbon mixtures of low viscosity
(kerosene) were readily aspirated and considered highly toxic by this route; deaths often occurring in less than
24 hours.23 Mineral oil and motor oils of similar viscosity did not cause severe pulmonary edema and hemorrhage
characteristic of kerosene and similar low viscosity hydrocarbon mixtures. Toxicity of kerosene by aspiration was
markedly reduced by blending with an equal volume of lubricant oil,

The accidental ingestion of petroleum distillates is considered to be an important cause of poisoning in
children in the United States.24 The principal pathological finding in clinical kerosenc intoxication is a chemical
preumonitis which may be complicated by bacterial pneumonia,25-27 Death results in 4% to 10% of the cases
reported,?8 Although animal experimentalists and clinicians disagree about the cause of the pneumonitis following
congestion, a great deal of evidence points to direct entry and spread into the lungs (aspiration) rather than
absorption through the gastrointestinal tract, For kerosene, the LD50 ratio for oral/intracheal routes is 140/1.23-29

IV,  TOXICITY OF MIXTURES CONTAINED IN COMMERCIAL ITEMS.

A, MKV Chemical Mace.

The effects of materials contained in the MK IV Cheniical Mace were studied for the manufacturer in
1966 by a commercial testing laboratory30+31 and also by the Toxicology Department, Research Laboratories,
Edgewood Arsenal in 1968,%#:32

1. Effects on Animals,

The commercial testing laboratory30 reported that the eyes of monkeys exposed for 1, 2, and
5 seconds to aerosols ejected from the MK 1V Chemical Mace at a distance of 6 feet produced no detectable
conjunctival irritation or corneal damage. A single exposure of rabbit eyes to 0.1 ml of MK IV formula caused a
slight conjunctival erythema 24 and 48 hours after exposure which disappeared by 72 hours.3! The material was not
considered to be an eye irritant under the Federal Hazardous Substances Labeling Act,

“'Gmbcckcr, A, J. Freon/Ozone Problems. Department of Transportation Climatic Impact Assessment Program,
January 31, 1975. Unpublished data.

**Now known as Toxicology Division, Biomedical Laboratory.

10

In the tests conducted at Edgewood Arsenal,232 thie spray produced conjunctivitis, blepharitis; swollen
eyelids, depilation around the eyelids, and patches of erythematous skin in rabbits in 1 to 7 days. They recovered
within 14 days and there was no corneal damage. The application of the liquid (o the eyus of rabbits and monkeys
caused conjunctivitis, blepharitis, and corneal opacity; the last effect still evident ut 30 days in some rabbits. The
liquid applied to the skini of rabbits and monkeys caused erythema, dermatitis, and necrosis in some animals of each
species within 1 week, In the rabbit, scar formations and cutancous lesions persisted for 30 days. The skin of the
monkeys appeared normal in 30 days. When liquid was injected intes the trachea of dogs, tracheitis and bronchitis
were noted within the first week and ut 30 days.

2. EBffects on Humans.

In further tests performed at Edgewood Arsenal,32 the liquid was applied to the arms of US Army

“volunteers and produced immediate burning and itching which subsided in 20 to 30 minutes. Some erythema

persisted up to 48 hours, Twenty-four-tour patch tests produced erythema which was discernible up to 7 days.

3. Conclusion.

As a result of our tests and a news release38 by The Surgeon General, US Public Health Service, warning
that Chemical Mace may be harmful, tests of another tiot control device (the Federal Streamer No. 280) were
conducted at Edgewood Arsenal.

B,  Federal Streamer No. 280, .

1. Qcular and Cutaneous Tests.

The contents of several Federal Streamer No, 280 units were removed and applied directly to the skin
or uyes in the first tests. The material was drawn into syringes and applied as discrete droplets to the right eyes and
the clipped backs of rabbits and monkeys. Additional animals that were prepared in the same way received an
isotonic saline solution in equivalent doses and served as controls. For the spray tests, several Federal Streamer
No. 280 units were actuated for 1 or 5 scconds and the spray was collected in tared flasks and weighed before the
snimal tests. Based on calibration, the 1-second firing yiclded about 1.0 ml of formulation and the 5-second firings
about 10.0 ml.

Both eyes of cach animal were examined and any animals with eye defects or irritation were not used.
Before and during the tests, the animals were individually caged in raised pens free from animal bedding and animal
droppings. One day after administration all dosed eyes were flushed with isotonic saline and cleansed with surgical
gauze, Clinical observations of the dosed and undosed eyes were then recorded. Following this, one drop of
fluorescein sodium ophthalmic solution (USP) was instilled into each eye, and the eyes flushed with isotonic saline.
Corneal involvement was then assessed. Two days following exposure, after clinical observations, all dosed eyes were
flushed with isotonic saline and treated with one drop of modified 15% sodium sulfacetamide ophthalmic solution,
On subsequent days of observation, only those eyes which warranszd treatment were flushed, cleansed, \nd treated.
The evaluation of eye irritancy was done in accordance with a modified Draize technique (table A-1).*

The animals were preparcd for cutaneous testing by clipping their skins free of hair on the trunk. Any
animals with skin abnormalitics (abrasions, discoloration, efc.) were climinated from testing. After dosing, no
subsequent treating was done other than reclipping hair in some instances to observe masked skin 1cactions. The
grading system used to evaluate skin irritation is shown in table A-2.

*Tables Al through A-17 are in the appendix.

I




a. - Direct Application of Liquid to Rabbits,

The formulation was applied to both the eyes and skin of 36 healthy rabbits; six rabbits served as
controls. The animals were observed for 30 days for gross ocular and cutaneous effects. At 30 days, 12 of the dosed
and six of the control rabbits were sacrificed and necropsied. The experimental design data are shown in table 1.

Table 1. Ocular and Cutaneous Doses of Federal Streamer No. 280
Applied Directly to Rabbits

No. of rabbits Ocular Cutaneous No. of rabbits
dosed dose ~ dose necropsied

ml ml

6 0.2 1.0 4

2% 0.2 1.0 2

6 0.1 0.50

6 0.05 0.25

6 0.025 0.10 4

2% 0.025 0.10 2

6 0.010 ‘ 0.05 '

6 0.005 0.025 .4

2% 0.005 g 0.025 2

*[sotonic saline controls.

“Three additional groups of four rabbits each received ocular doses of 0.2, 0.025, and 0.005 ml and
cutaneous doses of 1.0, 0.1, and 0.025 ml, respectively. Two control rabbits per group received equivalent ocular
and cutaneous doses of jsotonic saline. All of these rabbits were sacrificed and necropsied 3 days later. This

supplemental test was to reveal any early pathological changes in the eye or skin. Data are presented in table 2 and
table A-3.

Table 2. Ocular and Cutaneous Lesions Found in Rabbits Necropsied
3 Days After Exposure to Federal Streamer No. 280

In the 30-day tests, gross clinical observations indicated that the lowest dose (0.005 ml) instilled in the
eye affected only one of six rabbits, causing transient mild chemosis that disappeared by the third day. A dose of
0.010 ml caused chemosis and redness that disappeared in 6 days in five out of six rabbits. A dose of 0.025 ml
produced chemosis and redness in f{ive animals; one rabbit died for reasons not related to the tests. One animal
showed scattered corneal opacity which disappeared in 6 days. This group recovered in 5 to 13 days. Doses of 0.05,
0.10, and 0.20 ml produced marked chemosis, redness, and corneal opacity. The corneal opacity disappeared in 9 to
[2 days. Most of the animals displayed mild chemosis and redness that was still present 15 to 21 days after these

doses. No iritis was noted in any of the animals at any dose level. The saline controls showed no effects. Details are
shown in table A-4,

Gross clinical observations of the skin indicated that all cutancous dose levels (0.025 to 1.0 ml)
produced increasing erythema, dehydration, and necrosis. The erythema and necrosis were still evident at 14 days,
Erythema persisted in some animals throughout the 30-day observation period, The saline controls shawed no
effects. Details are shown in table A-S,

Pathological findings on animals necropsied 30 days after exposure confirm gross clinical observations
for both eye and skin studies.

b. Direct Applications of Liquid to Monkeys.

Three groups of eight monkeys each received ocular doses of 0.1, 0.025, and 0.005 ml and cutaneous
doses of 1.0, 0.1, and 0.025 ml, respectively; and three groups of four monkeys each received equivalent ocular and
cutaneous doses of isotonic saline. Four dosed and two control animals from cach dose level were sacrificed and
necropsied 3 days later (table 3). The remaining monkeys were observed 30 days for gross ocular and cutancous
effects. At 30 days they were sacrificed and necropsied.

Table 3. Ocular and Cutaneous Lesions Found in Monkeys Necropsied
3 Days After Exposure to Federal Streamer No. 280

Dose ‘ ~ Effects |
Ocular Cutaneous Ocular* | Cutdneous*
ml
0.005 0.025 Mild blepharitis , No significant lesions
0.025 0.1 Mild to moderate conjunctivitis No significant lesions -
and blepharitis
0.1 1.0 Moderate to severe conjunctivitis Slight thickening (2)
‘ and blepharitis
Corneal ulcer (1)

Dose , Effects
Ocular Cutaneous Ocular Cutaneous
ml

0.005 0.025 Some reddening of conjunctiva Mild erythema

0.025 01 Mild to moderate conjunctivitis; Minimal to moderate
some chemosis erythema

02 + 1.0 Moderate to severe conjunctivitis; Moderate erythema
some chemosis and corneal opacity pinpoint to 3 mm

12

*Numbers in parentheses indicate portion of four monkeys at each dose showing sign. Absence of a number
indicates all four showed the sign. '

Gross observations of the eyes indicated that at the lowest dose (0.005 ml), the only sign noted was a
reddening of the eyelid which persisted for 1 day. A dose of 0.025 ml produced mild chemosis and corneai opacity.
These signs disappeared in 6 days. A dose of 0.1 ml produced marked chemosis, redness, and corneal opacity.
Corneal opacity disappeared in 11 days, and the chemosis and redness persisted for 10 to 15 days. All saline controls
appeared normal throughout the observation period. See table A-6 for detailed observations.
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iross observatle " the skin fndica at a dose of 0.025 ml produced no effect
itoss observations of the skin indicated that a cutanecus > \ |
throughout g@ gbwmﬂan period. A dose of 0,10 ml produced transient erytnema in two of eight monl;}erys, x;z
signs were apparent after the fifth day. A dose of 1,0 ml produce;l: marl;ed eryt:i\zmatli?l five :‘t; :ifix; ::\0:;1 :zi.; in
3 duys. Edemn was noted In two of elght monkeys in 3 days also. | ecrosis was ti
Zﬁ?yﬂfﬁd I‘r’& another by the elghth day, This necrosls persisted up to the thirteenth day in one a;(i)rr:lal.?sc;:;iv 22 trl:g
controls showed any cutaneous effects. Pathological examination of all monkeys necropsied at ay

legions. “Table-A-7 presents detailed data,

¢ Spray Tests in Rabbits.

Rabbits were restrained and their left eyes sprayed according to the design shown in table 4,

Table 4. Design of Spray Tests

Na. of | Total time Distance of rabbits I‘ rom Obscryation
rabbits sprayed dissemination point period
sec ft days
§ 1 1 30
5 1 3 30
5 1 6 30
5 5 1 30
5 5 3 30
5 5 6 30
4* ] 3 3
A4 5 3 . 3
bAss 1 3 3
Ak $ 3 3

* Soerificed and necropsied at 3 days.
** lsotonie saline controls; also saerified and necropsied at 3 days.

Al of ’tlté rabbits sprayed with the formulation (cxccpt those spraykcd for | Sccor:ld at 6 rcitc)«a?if,plfgﬁd
severe chemosls and redness of eyes (tables A-8 and A;)) I'n th,e; %rc;\éz ?Ziir;rc\g &)rs :srgaa)%sﬁcc;; e WGF(‘: stil);
ogeurted in several rabbits at each test condition exeept for those spraye | at 6 feet. i
;:;;;g::%) most rbbits ot 3 weeks and persisted throughout the 30-day observation period in four rabbits.

Histologieal examination of the group sacrificed at 3 days sh(ra\veﬁd that the l-sccdond spray caused
“moderate mnjiuictivim and blepharitis. These offects were severe in the group sprayed for 5 seconds.

There was sear Gissue formation In areas 1 (o 3 inches around the sprayed eye i(r; the ‘mal{lo;x;);uc;nf”u:;
rabibits, with no hair growth evident at 30 days, A few rabbits appeared to have eye muscle damage. :
cutanieous reactionswere seen In the saline controls,

d.  Pateh Tests in Rabbits.

s, Jdne W ed - ipped backs of rabbits and the formulation was
e patches, Jdnchsquare, were taped to the chppctj pac : : .
apphied o tf?: (gﬂ“az@. fD{)s;s of 0.1 and L;.Q ml were given ta two groups of eight rabbits each; the patches were
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removed at 24 hours and the animals were observed for 30 days. Two control groups of four rabbits each received
0.1 and 1.0 ml of isotonic saline, Four rabbits from each formulation group and two rabbits from each saline group
were neeropsied at 3 days, ' ‘

Both doses of the formulation produced mild to moderate erythema within 24 hours in all animals,
Moderate necrosis was seen in two of eight rabbits receiving 1.0 ml and in one of the cight rabbits receiving 0.1 ml at
48 hours. Of the four rabbits (1.0-ml dose) submitted for necropsy at this time, three showed moderate to severe
erythema without formation of necrotic tissue, and one showed moderate erythema with patches of necrotic tissue
covering more than 50% of the dosage site. The skin of the other four rabbits in the 1,0-ml dose group was necrotie
at 5 days, ranging in extent from 50% to 100% of the total area of spread of the solution on the cloth. Severe
erythema was also seen in all four of these rabbits. The areas of necrosis were pronounced throughout the 30-day
observation period. Mild to moderate erythema was seen at 72 hours in four rabbits that received the 0.1-ml dose;
necrotic tissue was seen in 3 to 10 days and persisted in three rabbits throughout the 30-day observation periad, Of
the four rabbits at this dose that were sacrificed at 72 hours, none had any necrosis but all had moderate erythema.

The controls showed no effects within 24 hours or during the 30-day observation period, Details of the gross
observations are shown in table A-10.

c. Effects on Human Skin,

Eight male volunteers received a dose of cither 0.01 ml or 0.025 ml of the Federal Streamer No. 280
formulation applied to the bare skin of the volar surface of the forearm or to sateen patches taped to the volar
surface of the forearm (table A-11). They were asked not {o wash the arca or to remove the patches for 24 hours,
The test areas were examined through the first 4 hours after application and at 24 hours, Daytime temperatures
during the test period averaged 59°F and relative humidity was greater than 90%.

The Federal Streamer No. 280 formulation applicd to the bare skin or sateen patches caused only slight
erythema,

2. Tracheal Tests in bogs. '

The Federal Streamer No, 280 formulation was put into the trachea of 48 beagle hounds under 2 years
of age by either intubation after the animals were given a short-acting anesthesia, or by injection directly into the
trachea through a puncture in the neck after the animals were tranquilized with chlorpromazine hydrochloride. Ench
animal was given a physical examination including red and white blood cell counts, packed cell yolume, blood urea
nitrogen level, and rectal temperature; and their quarantine history and general state of health were noted.

Three groups of eight dogs cach received the formulation by tracheal intubation in doses of 0.50, 0.25,
and 0.10 ml per animal, respectively, and three groups of four received saline in the same doses. In another group of
eight dogs, 0.50 ml per animal was injected intratracheally and four controls received saline in the same dose, All
animals tested were examined critically at either 72 or 96 hours after dosing and dose effects were recorded, Four -
dogs from each group dosed with agent, and two from each saline group were sacrificed and necropsied at 72 or -

- 96 hours after dosing; the rest of the dogs were sacrificed and necropsied at 30 days. The protocol for these tracheal

tests is included with that for other formulations in table A-12,

None of the dogs that received the formulation by intubation died or were severely listless or prostrate.
Results of an examination at 72 hours of dogs receiving all doses of both agent and saline are shown in tables A-13
through A-15. The blood values at all dose levels of the agent did not vary significantly from control values, The
values varied even less within a dose group. The same impression is given by temperature data (table A-13), Signs
seen were dehydration, cough on tracheal pressure, and auscultable congestion in.the lungs (table A-15), The general
appearance of all of the dosed animals at 72 hours was good; grossly, it was difficult to observe any difference
between exposed and control animals. Histological findings are shown in table A-16.

In the eight dogs that received the formulation by injection, coughing was an immediate common sign.
Three of the dogs coughed up bloody foam soon after being put back in the cage. Two dogs had edema in the ventra}
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neeh eegion 24 hours after dosing, The mean blood values before and 96 hours after dosing are shown in table A-14;
there were no significant changes. Signs observed were the same as those exhibited by the intubated dogs
{table A-15). There was no difference in dehydeation among dosed and control animals. Five of the eight dosed
animaly exhibited tracheal coughs; the controls did not, No lung congestion was detectable in either the dosed or the

Lontrol group.

When the dogs that were given 0.5 ml of the formulation by injection were compared with the dogs that
secetved the Uie some amount by Intubation, a higher incidence of cough on tracheal pressure and a lower incidence
uf amseutable congestion was seen in the dogs given intratracheal injections.

3. Oral Spray Tests in Dogs.

Physical examination, method of observatjon, and necropsy schedule were the same as for the tiycheal
ared intratracheal tests. The Federal Streamer No, 280 was sprayed into the mouths of eight dogs to determine the
effect of the solution on orgl ntueosal membranes and to see if the material would enter the trachea when
aduumsiered i this way. The dogs were comfortably restrained in a sitting position with their heads held level, their
mouths held open, and their tongues depressed. The Federal Streamer No, 280 device was held an inch or two in
frunt of the opened mouth, and a [-second spray was directed Into the throat, Based on calibration, the estimated
doge delivered 1o each dog was 1 ml. Four dogs were sprayed with isotonic saline in an identical manner. The test

protoeal 13 shown in table A-12.

The dogs rescted immedintely 1o the agent, They displayed profuse salivation and chewing action,
heeame frightened, and huddled together, No coughing was noted. There were no significant changes in blood values
(table A-14), temperntures were not recorded, The exposed and control dogs had the same signs; none of the signs

seen m the truchend or Intratrachenl tests were noted,

V. TOXICITY OF €S FORMULATIONS,

A €S tn Trioetylphosphate (TOF).

€S 1 hielteved to be a more potent and safer irritant than CN.34-37 11 appears to be less damaging to the
eyes and skin 3% The incapacitating dose for riot contrel for 50% of a population (ICt50) is a Ct
feancentration X time) of 0.1 to 10 mg minfeu m3¥% Toxicologieal testing has shown trioctylphosphate (TOF) to
liave same Loxieiy when used in large doses or wher applied repeatedly (o the same skin area.38,3% It was felt that
these untoward effects would not oceur i TOF were used as a riot control spray material,

Tests of C§/TOF solutions i animals and man were performed. The details of this work have been
reported separately3 74041 however, the conclusions are summarized briefly here,

{. Qaula; LElfects of CS/TOF and TOF Alone.

The highest dose (0.1 mi) vl 126 CS/TOF and TOF alone instilled in the eyes of monkeys had no effect.
The highest dose (0.2 mi) put T the eyes of rabbits produced very mild effeets which regressed within 2 weeks.37

Severe chemosis and redness, which persisted for | week, were produced when 10 mt of a 1% CS/TOF
salution or TOF alone was sprayed into the eyes of rabbits from a distance of 1, 3, and 6 feet. No corneal lesions
were seen.d?

Varous concentrations of up to 1.0% CS/TOF were given to 18 volunteers in cither a single drop orina
brief spray in one oyet0 They could not open their eyes for 20 to 85 seconds, and only after 70 to 450 seconds
were they able to rend 20720 letters. The Incapacitation appeared similar fer all concentrations tested.
Trioetylphosphate slone had no obvious effects. It was concluded that small quantities of up to 1.0% CS/TOF in
coptact with the human eye wre extremely irritating and cause transient conjunctivitis but no corneal damage in
man. TriottyIphosphate alone had no obvious effect.40
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2 Cutaneous Effects ol CS/TOF and TOR Alone.

it cr;"}tx; e}rt‘)]wcztslt ctiosc (0.0’25d mt) of 1% CS/TOF and TOF alone applied
imedis 3 that progressed to tecrosis in 8 to 10 ¢ Hi '

aTooted et el tpr } fays. Higher doses caused the sane reactii i ares

g more extensive due to the greater spread of the liquid over the skin. In most in:sltzxtrszgs“t,;::stli]ifl‘I,ml

. tin hag

healed by the end of 2 weeks The hi
el 2 . The highest d " the OF mix TOR
skin of monkeys 7 8 ose (1 ml) of the CS/TOF mixture or FOF alone had no effect on the

in drops to the skin of rabbits caused

5, .
Catch tests with 0.1 and 1,0 ml of 19 CS/TOF caused necrosis of r

same doses of TOF produced ng eaction.37 abbit skin that hcaklcd it 9 days. The

When 0,01 il 9 : apnhi
was taped 1o the $kin of | locf flo/chZS/’l"OfFfwas applied to the bare skin of the yolar foream or on u sateen pateh that
arm ot tour volunteers, one of the two subjects patch-fested C‘ipcriencé(; ‘I'g\f“
s patea- Xy a slight

S“ g g « ¢ EATPEN < a Id overe 1 8

ssts 41 . .
being ex;)ose](;] fomaeli 'Zt;sltlz,e mﬁiégog \]va% applicd on uncovered patches to the foreheads of fi
testing was performed at roomjtcm cr(t‘ : 7‘23 93, 0.5, 0.75, and 1,0% CS1/TOF (wi)] at the same time, Initial
SCF. The o e Kept in the ?F a bure {g 5' to 80°F); fzddxtlonnl tests were performed in 4 chamber at 105° and
0.1, 0.25, 0.5, and 1.0 n TOP (‘-\;}U’i)l er for ub(.:u‘t 30 minutes Pcforc the tests began, and then €S} [0.01 O:OS
tested (0.1% to m%) W e o z ] Wﬂ? applied, QSl in TOF caused stinging of the skin in all conccntr‘ations’
(emporature, Immedite oryien chzlzzgsgxt::rﬁd&nd ntnball concentrations tested (0.015% to 1.0%) at the high
concentrations. Trritant dermatitis did woy oe. Tr}i'ngtyl ;}:25 [;;‘;:lit}:‘g;irfs‘ 1\2)'(1)(31' bath exposure times, and at all

and variable sensations | - o q s 7o in propylene g aused mile
variable sensations in fow subjects and mild immediate erythema in one subject, 4t rogytone iysad) eaysed il

ve volunteers, cach

3. Effects of CS/TOF and TOF Alone on the Upper and Lower Respiratory Tract.

When ¥ was i ‘ ing
i signs nlQ ‘,’f;cgsggi was nﬂroduced into the tra‘cheu of dogs by cither intubation or injection, only mild
- Lhese sigas were not dosc-related; in fact, they were most f reqquent at the lowest doge,37

The v indic: inject
ot cause ongu Zsa:.;l]t:g;nctl;c;l)t:z dtll;itc 1,:14;;&0:1 of: Q.Sm] of CS/TOF or TOF alone into the trachea of the dog does
sovete onouEh o cam e o be dise rn‘l‘ lc:li_y clxntcfal observation. This dose did not result in secondary infection
dovation tr e e n, pronounced dehydration, spontancous coughing, generalized auscultatory sounds, oy
cell count, In gereral, the severity and duration of signs were not in g category that wo’uld

Warrant veterinary treatment under iti
: ¢ ¢ 1¢ conditions of normal animal care, This | fally si
: t ; e aniiat eare. This is especis ificant in vi
method of exposure, i.e., direct injection into the trachea.37 becially significant in view of the

4. Systemic Effects of CS/TOF and TOF Alone.

Tl l f(‘ 4 ! p [ l ! A ’ l ] ' I,' ¥ l l I. ~
| , )

No irreversible damage is expected with 1% CS/TOF solutions in the dose ranges tested,

B.  CS in Polyethylene Glycol (PEG 200).

! LO) iCl i i y .

cause sensitization when applied intracutane i i |
X : aneously to guinea pigs.49 $i adequately sorudle in thi
nontoxic solvent, tests on eyes and skin were initfatcd.g o Sinoe G5 reauately ot in ths reirely



Solutions of CS (1.0% and 0,1%) in PEG 200 were instilled in the right eyes of groups of four rabbits
each at dose levels of 0,05 ml and 0.5 ml. Two control rabbits each received equivalent dose levels of PEG 200 alone
(tuble A-17). All doses of CS in PEG 200 produced severe chemosis that disappeared in 1 day. A dose level of 0.5 ml
of C8 (1.0%) in PEG 200 also produced redness and scattered corneal opacity which appeared in 3 days and
disappeared within 10 days. Polyethylene glycol given alone at either dose level produced no ocular effects. Six of
the rabbits received a cutaneous dose of 1 ml of CS (1% in PEG 200); no significant reactions occurred in the 14-day
observation period,

¢.  CSinPropylene Glyeol,

Bight dogs were given CS/propylene glycol (0.5 ml) by tracheal intubation; two dogs were given
equivalent doses of propylene glycol alone. Hall of the dosed animals and the two control animals were necropsied
it 3 days, and the other four dosed animals were necropsied at 30 days, No signs were seen at this dose (tables A-13
and A-15). There was no evidence of pathological lesions in any of the dogs.

VI, STABILITY OF CS SOLUTIONS.

The stability of CS/TOF and CS/PEG 200 solutions, stored under various conditions for 15 days, was
determined by ultraviolet analysis. The two solutions were monitored daily, and changes in ultraviolet absorbance
peaks at 300 and 228 mu were recorded, The concentrations of unrencted CS found in the solutions were compared
tu the control peak height (300 mi), and the percent of this value was recorded every 24 hours.

A, CS/TOF Solutions.

, The CS/TOF solutions containing 1.0% agent were relatively stable for various time periods at either
257 or 12°C with Nuorescent light, but they were degraded when the temperature was raised to 90°C,
Coneenteations of 0.1% or 0.06% were degraded at 25° and 12°C in room light in direct proportion to solution
strength, Samples containing 1.0% CS stored In darkness were less stable than those stored at the same temperature
(25°C) under Nuorescent light 37

B, CS/PEG 200 Solutions.

The CS/PEG 200 solutions were less stable than the CS/TOF solutions when stored at 25° or 12°C in
lighted areas. The CS/PEG 200 solutions were more stable at the higher concentrations than at the lower, and
stability was increased at both concentrations when the storage temperature was lowered from 25° to 12°C.

VII. SUMMARY AND DISCUSSION,

The data generated in the present study on the Federal Streamer No, 280 and CS/TOF mixture and
previons studies on Mace support certain differences between the three formulations, Although the differences in
ench aspeet of these studies may not appear significant, the overall results suggest a definite safety factor in favor of
CS. Additionally, the results of the previous study on Mace would place it in the category of being at least as
damaging as Federal Streamer No. 280.

Based on the pathology data in the present study and on the work on human eye effects,0 the
fullowing statements may be made:

L. The ocular lesions produced in rabbits by Federal Streamer No. 280 were more severe than those
produced by CS/TOE,

2 Severe ocular esions were produced in monkeys by Federal Streamer No. 280 while no ocular or
cutaneous changes resulted from CS/TOF,

3. The spray test showed clearly that more severe eye damage is produced by Federal Streamer
No. 280 than by CS/TOF.
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4. CS/TOF in concentrations up to 1.0% administered in cither a single drop or in a brief spray to
the human eye was extremely irritating and caused transient conjunctivitis but no corneal damage.

5. Federal Streamer No. 280 produced much more severe tracheal damage in dogs than did CS/TOF;
however, the pulmonary effects were similar.

6. TOF alone, at the high dose level, is capable of inducing pulmonary damage.

These statements are supported by the following summarized comparisons of the formulations, bearing
in mind that Mace is at least as damaging as the Federal Streamer No. 280.

A.  Effects of Federal Streamer No. 280 Formulation, CS/PEG 200, CS/TOF Solutions, and TOE Alone
Instilled into the Eyes of Rabbits and Monkeys, 4

The ocular responses produced in rabbits and monkeys indicate that 1% CS/TOF was the least irritating,
causing only mild effects to the rabbit eye at a dose of 0.1 ml and no effects to the monkey eye at this dose.

Trioctylphosphate alone produced no responses in the monkey but was slightly more irritating to the
rabbit.

The CS/PEG 200 solutions containing 1% agent caused moderate to severe effects in the rabbit eye, but
it should be pointed out that corneal involvement disappeared after 10 days without scarring, Monkeys were not
tested.

The Federal Streamer 280 formulation was the most irritating substance to both the rabbit and monkey
eye. A no-effect dose could not be determined for either specics although micro-techniques were used to deliver the
dosages. Doses of 0.025 ml caused moderate to severe chemosis and redness in the rabbit eye, the severe cffects
including corneal involvement. In the monkey, a dose of 0,025 ml caused moderatc eye effects, and a dose of
0.10 mi caused severe chemasis, redness, and corneal opacity, See table 5 for detailed data.

Table 5. Ocular Effects Alter Instillation of Four Liquids Into Eyes of Rabbits und Monkeys

Lowest dos¢ Lowest dose

st o Dose eausing severe
Highest duse causing mild causing moderate A

chemosis, redness

Soluion e “ailor Smdor | vithcona
redness redness
Rabbit | Monkey | Rabbit } Monkey | Rabbit | Monkey | Rabhit | Monkey
ml ml ml ml
Federal Streamer 280 i i 0.005 0.005 0.025 7. 0,025 0.025 0.10
CS/TOF 1% @ i 0.10 0.005- b b b b
CS/PEG 200 0.1% a Nottested | 0,05  |Nottested | 0.05 | Not tested ¢ Not tested
CS/PEG 200 1,00 a | Nottested | 005 {Nottested | 0.05 [Notiested| 0.50 | Nolfested
TOF (control) 005 | 010 | 0do b | 020 b - b

3All doses effective,

bNo response at highest dose,

Only severe chemosis, ‘
NOTE: 0,005 ml = Lowest dose used, rabbits and m‘onkcys.

0.50ml = Highest dose used, CS/PEG 200 solutions only,
0.20 ml - = Highest dose used for all formulations on rabbits, except CS/PEG 200.
0.1 ml = Highest dose used on monkeys,
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B, Effects of Federal Streamer No, 280 Formulation, CS/PEG 200, CS/TOF Solutions, and TOF Alone

Applied Directly to the Skin of Rubbits und Monkeys (Table 6).

Although the skin irritant properties of TOF and 1% CS/TOF solutions were similar, the two species
tesponded differently. Doses of 0,025 ml per rabbit produced erythema that became more severe over a 7-day
periods necrotie tisste formed in from 8 to 10 days, Higher doses produced similar reactions on rabbit skin, with the
area of involvement being proportional to the spread of the liquid over the skin, Recovery occurred in a significant
number of rabbits at all dose levels with cither solution after 14 days.

No effects were produced in monkeys given the highest dose, | ml, of cither TOF or 1% CS/TOF
solutions, '

4 Monkeys were not tested cutancously with CS/PEG 200, and the highest dose administered to rabbits
(1.0 mil per animal) produced no effects,

The Federal Streamer No, 280 formulation produced mild to severe skin reactions on rabbit skin at all
dose Jevels, The lowest dose (0,025 mi per animal) caused mild to severe effects that were similar to those produced
by the same dose of 196 CS/TOF solutions in the rabbit. A comparable dose-response relationship was seen between
the two solutions. Monkeys, however, were affected by the Federal Streamer No. 280 formulation but not by
CS/TOL solutions. Doses o 0.1 ml per monkey caused moderate {o severe erythema and 1.0 ml per monkey caused
necrosis, These responses show the Federal Streamer No. 280 formulation to be more hazardous to skin than
CSITOL solutions,

Table 6. Cutaneous Effects of Four Liquids Applied Dircetly
to the Bare Skin of Rubbits and Monkeys

Highest dose Lowest dose Lowest dose Lowest dosc
causing causing causing causing
Solution np mild ‘ moderate severe
- effects cffects effects effects
Rabbit Monkey | Rabbit | Monkey |Rabbit | Monkey | Rabbit | Monkey
ml ml mi mi
Federal Streamer 280 * 0.025 0,025 0.10 0.025 1.0 0.025 1.0
CSITOE 1% * 1.0 0.025 ok 0.025 ok 0.025 dog
CS/PEG 200 0.1 1.0 | Not tested ** 1 Nottested] ** | Nottested] ** INot tested
CS/PEG 200 1.0% 1.0 | Not tested Ao Not tested|  ** Not tested|  ** [ Not tested
TOF * 1.0 0.025 ook 0.025 ok 0.025 ok

* All doses elfective.
**No response at highest dose.

NOTE: 0,025 ml = Lowest dose used, rabbits and monkeys,
1.0ml = Highest dose used, rabbits and monkeys,
Mild effects — mild to moderate erythema.
Moderate effects ~ moderate to severe erythema.
Severe elfects - necrotic tissue formation,
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C.  Effects of Federal Streamer No. 280 Formulation, CS/TOF, CS/Propylene Glycol, and TOF Solutions
Administered Intratracheally to Dogs. <

In dogs dosed intratracheally, by either intubation or ingestibn techniques, with Federal Streamer
No. 280 contents ot with CS/TOF solutions, only mild signs attributable to the compounds were noted. The only

~ consistent signs exhibited were slight to moderate dehydration, moderate upper respiratory irritation, and slight

congestion. These signs were not dose-related in dogs tested with graded doses of either of the solutions. In most
cuses, the signs were more frequent in dogs receiving the lowest dose than the highest,

The generally good health of the animals 3 days after dosing indicates that instillation of 0.5 mi of
either solution into the trachea did not cause enough tissue damage to be revealed by critical veterinary examination.
This dose did not precipitate sccondary infection severe enough to cause fever, pronounced dehydration,
spontancous coughing, generalized congestion, or changes in white blood cell counts, In general, the severity and
duration of signs were not in the category that would warrant veterinary treatment under the conditions of normai
animal care.

No changes from normal were seen in dogs 72 hours after receiving intratrachcal doses of TOF,
propylene glycol, or CS/propylene glycol solutions by intubation.

Dogs whose throats were sprayed with the Federal Streamer No, 280 formulation while their tongues
were depressed salivated profusely for a few minutes after dosing and continued to chew and lick until most of the
Jdose had been swallowed or expelled by salivary flow. Coughing and choking were not generally seen,

Critical examinations of these dogs revealed no changes from normal after 96 hours. Particular care was
exercised in examining the tissue lining of the oral cavity but no signs of irritation in this area or in the throat were
detected. Nor was the upper respiratory tract irritated or congested.

D,  Effects of Spraying Federal Streamer No. 280 Formulation and CS/TOF Solutions on the Eyes and
Skin of Rabbits.

The Federal Streamer No. 280 formulation, CS/TOF solution, and TOF alone sprayed for § seconds at
rabbits from the Streamer and an equivalent 10-ml spray of CS/TOF or TOF alone directed at rabbits from 1+, 3,
and 6-feet produced severe chemosis and redness which persisted throughout the first week of observation. Scatlered
corneal opacity was seen in most of the rabbits sprayed for time intervals of 5 seconds or | second with the Federal
Streamer No. 280. No corneal involvement was noted in any of the rabbits sprayed with CS/TOF or TOF only. In
the first 7 days, skin erythema was noted after CS/TOF, TOF alone, and the Federal Streamer No, 280, The
erythema abated at this time with CS/TOF and TOF alone; however, the spray disseminated from the Federal
Streamer No. 280 produced scar tissue and underlying muscular damage which. persisted throughout the 30-day
observation period in some rabbits.

Respiratory distress (wheezing) wus noted in four of the rabbits sprayed with the Federal Streamer
No. 280 formulation, but this sign abated on the second day and the rabbits appeared normal.

The Chemical Mace (MK IV) previously tested under the same conditions produced moderate ocular
effects of shorter duration with no corneal involvement.32

E.  Effects of Federal Streamer No. 280 Formulation and CS/TOF Solutions Applied to Cloth Over Rabbit
Skin.

Erythema was noted in all animals at both dose levels (0.1 and 1.0 ml) of the Federal Streamer No. 280
formulation when the sateen patches were removed at 24 hours. Increasing erythema and necrotic tissue formation
at both dose levels occurred during the second day and was still prevalent on the tenth day.

The CS/TOF solutions at both dose levels (0.1 and 1.0 mi)produced erythema which was noted after
removal of the patches at 24 hours. Increasing erythema and necrotic tissue formation occurred at both dose levels
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during the fourth day. The erythema persisted for 10 days but the necrosis had disappeared in all rabbits by the
ninth day.

l No skin reaction was seen during the 10-day observation period in the control rabbits receiving TOF
alone,

F.  Effects of Federal Streamier No., 280 Formulation and CS/TOF Solutions in Man,

Only CS/TOF was tested in the human eye; no corneal damage resulted from the small quantitics
tested,

In man, the Federal Streamer 280 formulation (0.01 or 0,025 ml) caused only slight erythemia;
concentrations of up to 1% CS in TOF produced erythema but did not cause irritant dermatitis.

G.  Systemic Effects of Federal Streamer No, 280 Formulation, CS/TOF, and CS/PEG 200 Solutions.

_ No systemic effects were scen in rabbits, dogs, or monkeys tested with the Federal Streamer No. 280,
C8/TOF, TOFR, CS/PEG 200, or PEG 200 solutions except for mild, gross signs of respiratory involvement scen in
dogs tested intratracheally with Federal Streamer No. 280 and CS/TOF solutions.
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APPENDIX

TABLES

Table A-1. Grading System Used to Evaluate Eye Irritation ®

Cornea
No ulceration or opacity 0 Table A-2. Grading System Used to Evaluate Skin Irritation
Scattered or diffuse areas of opacity (other than slight dulling of normal luster), details ‘
of iris clearly visible : (1] b : '
Easily discernible transiucent areas, details of iris slightly obscured 2 Erythema
Nacreous areas, no details of iris visible, size of pupil barely discernible 3
Complete corneal opacity, iris not discernible 4 No erythema
Iris N . Mild erythema
‘ ; Moderate erythema 2
Normal : . 0
Markedly deepenced folds, congestion, swelling, moderate circumcorneal injection (any Severe erythema 3
" af these or combmatnon of any thcleol), iris still reacting to light (sluggish " Erythema with edema 4
_reaction is posmve) {1]
No reaction to light, hemorrhage, gross destruction (any or all of these) 2 Necrosis
* Conjunctivae

No necrotic tissue

o . - Less than 50% necrotic tissue
Redness (refers to palpebral and bulbar conjunctivae excluding cornea and iris). , %

50%-100% necrotic tissue

Vessels normal 0 L ) i .
Some vessels definitely injected 1 | 100% negrotlc tissue with well defined eschar formation
Diffuse, crimson red, individual vessels not easily discernible [2] b Dehydration and /6r Desquamation
Diffuse beefy red 3 -
Chemosis o : No dehydration or degquamatlon
; . : Mild dehydration or desqusmation
No swelling , B 0 ) :
Any swelling above normial (includes nictitating membrane) 1 Moderate dehydration ar desquamation
Obvious swelling with partial eversion of lids ’ [2] b : . Severe dehydration or desquamation
Swelling with lids about hall closed 3 '
Swelling with lids more than half closed : 4 ) :
“A modified Draize technique described in the “Illustrated Guide for Grading Eye Irritation by Haz'lrdous : .

Substances” published by the Food and Drug Administration,

bBracl\eted figures indicate lowest grades considered posmve under Section 191 12 of the Federal Hazardous
Substances Labeling Act,
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= Table A-3. The Ocular and Cutaneous Effects of Federal Streamer No. 280 (0.9% CN)

=] Applied to the Eyes and Skin of Rabbits?

=]

(a1

= Ocular effects ' Cutaneous effects

) Days after dose Days after dose
Dose R&?“ 1 2 3 e it 2
CH RI C | CH R C | CH R} C E{N|DJ|EIN
mil ml

0.2 101 2 0 0 1 0 0 2 0 0 1.0 1 0 0 4 0 0 2 1 0
0.2 102 2 0 0 2 2 2 3 0 2 1.0 1 0 0 0 0 0 2 1 0
0.2 103 2 2 0 2 2 2 2 4] 3 1.0 2 0 0 1 0 0 1 1 0
0.2 104 2 2 0 2 2 1 2 0 2 1.0 0 0 0| 2 0 0 3 0 0
0.2¢ 113 0 0 0 ¢ 0 0 0 0 0 1.0¢ 0 0 0 0 0 0 0 ¢] 0
0.2° 114 0 010 0 0101} 0 olo 1.0° ojlojojlojojojOo}O]|oO
0.025 108 4] 1 0 0 1 0] 0 0 0 0.1 0 0 0 0 0 0 2 0 0
0.025 106 1 1 0 0 1 Q 2 0 0 0.1 3 0 0 3 0 10 2 2 0

8 0.025 1Q7 1 0 0 0 1 0 i 0 o 0.1 0 0 0 0 0 0 0 0 0
0.025 108 0 0 0 0 1 0 0 1 0 0.1 0 0 0 1 0 0 0 0 0
0.025¢ | 115 0 0o 4o olol o0 0|0 0.1¢ o{fojojofofojojofo
0.025¢ 116 0 0 0 0 0 0 0 0 0 0.1° Q 0 0 0 0 0 0 0 0
0.005 109 0 1 0 0 0 0 0 0 0 0.025 1 o 0 4 Q 0 2 0 0
0.005 110 0 i 0 0 | 0 0 0 0 0.025 0 0 0 0 0 0 2 0 0
0.005 111 0 0 0 0. 0 0 0 0 0 0.025 0 0 0 0 0 0 2 0 0
0.005 112 0 1 0 0 00 (<« 0 0 0.025 0 0 Q 2 0 0 3 0 0
0.005¢ | 117 0 oj{olo ol o0l o0 0|0 002 ol o]l o]ojojojofloalo
0,005° 118 0 0 0 0 04 0O 0 0 0 0.025° 0 0 0 0 0 0 0 0 0

4These rabbits were sacrificed and submitted for necropsy 3 days after exposure.
bQbservation days post dosage.
Clsotonic saline controls.

NOTES: See tables A-1 and A-2 for grading systems.

CH - Chemosis E -~ Erythema
R - Redness N -~ Necrosis
C - Cornea ; D - Dehydration and/or desquamation




Table A-4. The Ocular Effects of Federal Streamer No, 280(0.9% CN) Contents Instifled i the Right Eyes of Rubhits

R = Redness

CH = Chenosis
C 5 (g
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Table A-5, The Cutsncous Elfeets of Federal Stremuer No, 250{0.9% CN) Coments Applied to the Clipped Skin of Rabbits
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* Death nat agent-induced.
** Eyythema sull present an 30th observation diy

L= Erythemu
N = Necrosis

NOTE:

D = Dehvdration and /o desyuamation



Tuble A-6. The Ocular Effvets of the Conterts of Federal Streamer No, 380 (0.9*7 CNJ Iustilled in the Right Lyes of Monkeys
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Appendix

* These anintals were submitred for nectopsy at 3 days.

NOTE: CH = Chemosis

R = Redness
¢ = Comea



The Cutancous Fefects of the Conteits of Fedetal Strdamer N, 200,070 CN) Applied 1o the Clipped Skin of Monkeys

Table A<7.
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*These anfmals were submitted for necropsy at 3 days,

NOTE: E # Erythema

N & Neerosis

D = Dehydration andsor desquamation



Tabls A8, The Dcular Effects in Rabbits of the Federal Stieamer No, 280 Foundation Sprayed st the Left Eye for Varlous Thnes and DPistances
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Table A-9. The Ocular Effects in Rabbits of the Federal Streamer No, 280 Formulation
Sprayed at the Left Eye for 1 or 5 Seconds at a Distance of 3 Feet

Conditionis _ Ocular effects
Rabbit Day; after dose
Spray time Distance N r 2 3 :
CH |R|C |CH|R|C |CH[R|C
sec ft

1 3 261 3 121 0 21 2410 21 2}0
1 3 262 4 |21 0 41 20 3|1 200
1 3 263 4 [ 21 0 4 210 4 | 210
1 3 264 4 {21 0 31 210 21210
1 3 255¢ 0 0] 0 0] 0] 0 0] 00
1 3 256° 0 {0 O 0| 00 0{ 010
5 3 257 4 [ 2l<t | 4] 211 3| 211
5 3 258 4 | 2] 1 4 | 211 4 1211
5 3 259 4 {24 2 4 { 201 3 (20
5 3 260 4 | 2] 1 4 | 211 3|20
5 3 277° 0|0 O 0| 0] 0 0| 0]o0
5 3 278° 0lo] o ol cl o 0f OO

- 20Observation days post dosage.

bai animals sacrificed and submitted for necropsy in 3 days.

CIsotonic saline control.

NOTE:

Appendix

CH = Chemosis
R = Redness

C = Cornea
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Table A<10, The Cutancous Efects of the Contents of the Federal Streamer Nu. 280 (0.4% CN)

Applied in 24-Hour Pateh Tests to the Sk of Rubbits

Rabbi Days after dose

Dose ;\5’0_" i 2 3 A 6 7 P 9 10 R“f,‘;;“”’
E{N|[DJE|N|DjE|N]OD|E|N[D|EfN|D|JE|N|[D|E|[N|DIE DIE|N|{D|E|N|D

mi

10 1w 1y dologatalotsdavloetr|tfolaslr]|olol2alojolalofol2a|otolatojol2fo e

o | oee [ tjotolz2loloelalolofaloloyalalotf vt joftfrfofi|[rjofrjtloflr]r]o 2

o o trtolotbebatolvtbalotalrlolalrfotalzalolzlataolafafole]rjoflrv]}a ¢

o | w8 {rlofol2irlol ] atotzlajoyali|lojzaialolalalolatatfoltvlofifl]o ¢

to | 208 Jolojolololtolototojotololotolotojotuvjojololofojofoiotojolof|o0

10 | 200 lojojototololotololojolololojolojoefojolo]ololojojolojo|lololo

o b o2 tfojoltlelofalold

10 | 28 plojolitojolalafod

10 | 279 2foloeltiolalalolf b

10 | 230 ilojfol2lof]ofafo]od

(0 2 otoloftololo|lalola

0 220 |oloflololofjofo]olf ot A

ot | 1y J2]o0fofa2tz2fol o2 2afoel2al2alolaf ol eflrjolalrjojtrprfolrf1]o 23

of Fwo [ilolotilololtfjotolatalolafvlolaltfolttvloaloftlol v vjof]ifo ¢

ol 1o t1loloelitolojalotol2]elolt]|oflofliioflojrjolojri|lojojlofjofo]oli]o ¢

or 12 tartolofitolojtlolol2lolol2tolaizioaololijololylojaje|lojoloflt]o ¢

o1 | 20" tolotololololo|o]joflololo|o|lo|loflolo|lofojojojalololo|ojofo[ofo0

o1 | 208 {olojololojololo|lololojololojojoflojojo|lolololo|lojo|oto|[o}jojo

0.4 | 233 ijoloe)li1iofjo]l2fola

o1 | 24 taiflofolilolofz2]o] e

ol | 235 ilofolilaoajol2alolod

0.1 236 tlofloly|o]o}la]ofob

o1 | 237 lojolo|lolo|lolo|lo] o

o0 | 238 [ololoflololo]olofal

1sotorite saline control,
bRabbits saerificed and submitted for neeropsy 3 days postexposure.
CSeor tissue apparent at 30 days; no hair growth,
NOTE: E = Erythema
N = Necrosis
D = Dehydration andfor desquamation




Table A-11. Effects of Federal Streamer No. 280 and CS/TOF Solutions on Human Skin

Subject Formulation Dose Test area Response
ml
ov Federal Streamer 0.01 Bare Slight erytheraa at 30 minutes, No
erythema at 6 hours,
Gi Federal Streamer 0.01 Bare Stight erythema at 30 minutes. No
erythema at 2 hours,
W1 Federal Streamer 0.025 Bare No signs or symptoms
SE F’ederél Streamer 0.025 Bare No signs or syniptoms
BR Federal Streamer 0.01 Sateen No signs or symptoms
VE Federal Strewner 0.0t Sateen No signs or symptoms
WA Federal Streamer 0.025 Sateen No signs or symptoms
FR Federal Streamer 0.025 Sateen No signs or symptoms
PE CS (1% in TOF) 0.01 Bare None
WH CS (1% in TOF) 001 Bare None
BU CS (1% in TOF) 0.025 Bare None
EL CS (1% in TOF) 0.025 Bare None
TR C8 (1% in TOF) 0.01 Sateen Slight stinging sensation for first
. . o 30 minutes
HA CS (1% in TOF) 0.01 Sateen None
STUM CS (1% in TOF) 0.025 Sateen None
STUT CS (1% in TOF) 0.025 Sateen None
36
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Table A-12. Canine Testing Protocol for Federal Streamer No. 280, CS/TOF, CS/Propylene Glycol,

TOF, and Propylene Glycol Solutions

Method and route

No. of animals

No, of animals necropsied

Test solution of administration Dose Experiniental day Control day
Experimental | Control? 3 7 30 | 3 7 30
ml

Federal Streamer No, 280 | Trachael intubation 0.50 8 4 4 4 2 2
0.25 8 4 4 4 2 2
0.10 8 4 4 4 2 2

CS/TOF 1% solution Trachael intubation 0.50 8 4 4 4 | 2 2
0,25 8 4 4 4 2 2
0.10 8 4 4 4 |2 2

Federal Streamer No. 280 | Intratrachael injection 0.50 8 4 4 4 2 2

CS/TOF 1% solution Intratrachael injection 0.50 8 4 4 4 2 2

CS/Propylene glycol Trachael intubation 0.50 8 2b 4 4 |2

TOF Trachael intubation 0.50 8 4° 4

Federal Streamer Mo, 280 | Device sprayed into 1-second spray 8 4 4 4 2 2

mouth (1 ml)

8aline controls — same volumes as for test solution.

mepylene glycol controls — same volume as for test solution.

CTOF controls,
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Table A-13, Comparison of Rectal Temperatures of Dogs Dosed with Federal Streamer No, 280

or CS/TOF Solutions
Rectal temperature
Dose Test solution ,
Preexposure 72 Hours postexposure
ml °R

0.5 Federal Streamer 102.2 102,8
0.5 CSin TOF 102.3 102.5
0.25 Federal Streamer 1014 1027
0.25 CSin TOF 102.0 1026
0.1 Federal Streamer 101.6 1027
0.1 CS in TOF 102,2 102.7
0.5 TOFR Not taken 101.6
0.5 CS/Propylene glycol Not taken 1023
0.5 Propylene glycol Not taken 101.7

Grouped control mean 102.3 1025

NOTE: Temperatures were not recorded at the 96-hour examination of animals exposed by injection and by spraying in the mouth as the

climate was hot and humid, and all temperatures were running between 103° and 105°F.




Table A-14. Average Blood Chemistry Values it Dogs Dosed by Trachael tntubation, lntratrachael Injection,
or Oral Spray with Federal Streamer No. 280 or CS/TOF Solutions

xipuaddy

6€

Test solution Method Dose P‘i‘é‘;‘f{fr Sample RBC | WBC | PCV | BUN
ml X108 | X10% | % | S-F units
Federal Streamer No, 280 Trachael intubation 0.50 8 Preexposure 1.7 15.6 489 14.1
72-Hr postexposure 7.4 15.8 473 13.6
0.25 8 Preexposure 7.3 16.0 46.3 16.4
72-Hr postexposure 6.9 15.0 46.3 15.8
0.10 8 Preexposure 6.9_ i04 504 15.6
72-Hr postexposure 7.4 134 47.3 13.5
Grouped contro} 12 Preexposure 7.8 13.9 48,0 15.7
72-Hr postexposure 6.8 13.0 47.5 16.2
CSITOF 1% solution Trachael intubation 0,50 8 Preexposure 7.1 133 503 16,4
72-Hr postexposure 8.0 16,5 51.3 16.8
0.25 8 Preexpostre 6.7 9.8 47.4 17.4
72-Hr postexposure 7.5 14.0 48,0 15,5
0.10 8 Preexposure 7.6 159 51.8 16,3
72-Hr postexposure 8.0 14.6 51.2 16,0
Grouped control 12 Preexposure 7.4 13.9 48.8 16,9
72-Hr postexposure T4 12,4 47.5 17,1
Federal Streamer No, 280 Intratrachael injection 0.50 8§ Preexposure 6.9 14,0 40.0 16.0
96-Hr postexposure 7.1 15.4 47.0 16.0
CSITOF 1% solution Intratrachael injeciion 0.50 8 Preexposure 6.8 164 46.0 18.0
96-Hr postexposure 7.3 15.5 48.0 15,0
Federal Streamer No, 280 Oral spray 1-Second spray 8 Preexposure 6.8 159 41.0 20.0
(1 mi) 96-Hr postexposure 6.5 14,6 45.0 20.0
Grouped confrol 12 Preexposure 7.0 13.8 47.0 16.0
96-Hr postexposure (B! 12.8 46.0 14.0




Fabile A01S  Summary o0 wgor fevsn Dogs Dosd by Travhael substion sr by Intravtachact ingection
with §oderal Steeamer No 380 a1 OS7TOF Solutiens

Test pdutyen

M thead

Litae of
eRammation

Dinsage
goup

Signs

Uehydrsted*

Cough on frachacl
pressure

Ascullable
congestion

5 g TR Oy

H

]

Tederad Suspatucy
Yo PRy

[ IS 1]
Fooodution

Fodonal Macamivr

o JHE

et
b4 wdutinn

tedessd Stroamsy
N B

e 4 914
prapileng glys el

101 st

: ﬁiﬁ;x’km gy vl

alpsie

O R R A R

i R

Trachach

ottt

Fras hael
1atuby o

Intralrachucl
eLting

i ;
letrgttachact M6 e atter dosing

Lt tinn

Spray i mouth 6 He anes dosig

Ineatra: dacl
il lstian

Tnteateachacel

intobation

Intratrahacl
1dubatuny

T U alter diving

T atier doing

. .
S96 He ater de anp

i i
* R He ghict Jowng

T3 He sl donng

vé l Ir atter dmng

Agent
mi
{4
.28
10
Saline controls
ml
L5
3%
(YR E]
Agent
]

(1%
nis
g

ml

03
1125
14
Aent
ml
1.8

|
0.5

_Agcm
mi

(1]

mi
08

Agent
PSecand spray

Apent

il
0s
Ageat
1l
(1]

Saline controls §

Saline vontruly

S

i
k3

Saline vontiely

[T N

tHmb)

1612
10
2%

114
4
hd

1A
il
08

[
H:4
1d

a8

W

1R

18

e s w e e

08

13
2k
3R

14
04
0Hid

s A TR

1
04
14

L2 4

i

2412
38
AR

(14
ni4
04

fr—

i
144
0:4

s <o e S

U

uid .

18

0/4

078

0:3

018

8

0 30

Aot

mi

05

o2

0:2

*Dehyidration koxved by tlaticity of ikin and swboutancous tsives

Appendix

40

ORI

Table A-16. Lesions Found in Dogs Necropsied 3 Days After Intratracheal
Exposure (Intubation) to Federal Streamer No. 280

Dose Trachea Lungs

ml

0. No significant lesions No significant lesions

0.25 Hyperemia, ecchymosis (2/4) Congestion (3/4)
Focal tracheitis (1/4)

0.5 Severe tracheitis (3/4) Preumonia (2/4)

[fibrinoid membrane (2/3)]

Congestions (2/4) ,

*Numbers in parentheses ure fractions showing signs.

Table A-17. The Oculur Effects of CS (0.1% and 1,0% in PEG 200) in Rabbits

Solution Doss 1 3 4 6 L0 21
strength CHI R|C | CHIR|C |CH|R|C |CH|R|C |CH[R]|C |CH|R]|C
% of CS ml
0.1 0.05 4|1 0/0] olojo|l ojolojofololo]lojolojolo
0.1 0.05 41 0jol olojlo| ojojlojojojojololo]lololo
0.1 050 | 4| 0j0| o} o0jof o|ojfolo|olo|lo|olo]ololo
0.1 050 | 0fojo| ofjolo|l ojolojo|olojo]olo]ololo
1.0 0.05 41 0(0] ojojlof oflojojojojo|alolo]ofolo
1.0 0.05 41 0{0} olojo} ojojojlojojolojolofojolo
1.0 0.50 41 00l oy 2ft | 0ojoj1}o0joft]ofojo|lojo]oO
1.0 0.50 410/0f 0} 2[z] t|oj1r]ojoft lolojofo]lolo
Controls 0.05 olojlo{ olojof ofololololojolololololo
Polyethylene | 005 | 0 ojof| ol olo| o|lojojo]ojo|o}olo]|ofjolo
glycol 050 | o[ 0|0} 0ojoflo]| oflolo|o|o|lo|lo}joflo]ofo]o
(200) 050 | o] ojoj ojofolojojlojo]lolofjo]lolo]|ololo

‘NOTES:

*Observation days post dosage.

Appendix

See tables A-1 and A-2 for grading systems,
CH = Chemosis
R = Redness

C = Cornea
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Headquarters, Sixth US Army
NBC Office
Attn: AFKC-QI-PN
Presidio of San Francisco, CA 94129

US Army Standardization Group, Canada
National Defense Headquarters
Ottawa, Ontario, Canada K1A-OK2

US Army Standardization Group (UK)
Attn: OCRDA (DAMA-PPI)
Box 65, FPO New York 09510

OFFICE OF THE SURGEON GENERAL

HQDA (SGRD-EDE)
Attn: LTC Charles Dettor
WASH DC 20314

US ARMY HEALTH SERVICE COMMAND

Commander

US Army Institute of Surgical Research
Brooke &3y Medical Center

Fort Sam Houston, TX 78234

Superintendent
Academy of Healtl: Sciences
US Army :
Attn! HSA-CDC
Attn: HSA-RHE
Fort Sam Houston, TX 78234
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US ARMY MATERIEL COMMAND

Commander

US Army Materiel Command
Attn: AMCSF-C
Attn: AMCRD-WB

5001 Eisenhower Ave

Alexandria, VA 22333

Comimander

US Army Foreign Science &
Technology Center
Attn: AMXST-1S1

220 Seventh St.,, NE

Charlottesville, VA 22901

Commander
USAMC STIT-EUR
APO New York 09710

Redstone Scientific
Information Center
Attn: Chief, Documents

US Army Missile Command

Redstone Arsenal, AL 35809

Conmimander

US Army Science & Technology
Center-Far East Office -

APO San Francisco 96328

AMC Program Manager for
Demilitarization of Chemical Material
Attn: AMXDC

' APG-Edgewood Area

US ARMY ARMAMENT COMMAND

Comunander

US Army Armament Command
_Attn: AMSAR-ASH
Attn: AMSAR-RDT

Rock Island, IL 61201

Commander

Rocky Mountain Arsenal
Attn: SARRM-EA
Attn: SARRM-MD

Derves; CO 80240

Commander
Pine Bluff Arsenal

Attn: SARPB-ETA
Pine Bluff, AR 71601

Commander
Frankford Arsenal
Attn: Library Branch, TSP-L

~ Bldg 51-2

Philadelphia, PA 19137
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1JS ARMY TRAINING & DOCTRINE COMMAND

Commandant
US Army Infantry School
Brigade & Battalion Operations Department
Combat Support Group
Attn: NBC Comniittee
Fort Benning, GA 31905

Commandant

US Army Missile & Munitions
Center & School
Attn: ATSK-CTD-FM
Attn: ATSK-TEB-B

Redstone Arsenal, AL 35809

Commander

US Army Armor School
Attn: ATSB-CD-MS

Fort Knox, KY 40121 -

Commander

US Army Institute for
Military Agsistance
Attn: ATSU-CTD-MO

Fort Bragg, NC 28307

Deputy Commandant for Combat &
Training Developments

US Army Military Police School

Fort McClellan, AL 36201

Director

Department of Army-Wide
Training Support

US Army Military Police School

Fort McClellan, AL 36201

Commander

US Army Infantry School
Attn: ATSH-CD-MS-C

Fort Benning, GA 31905

Commandant

US Army Ordnance Center & School
_ Attn: ATSL-CTD-MS-C

APG-Aberdeen Arca

US ARMY TEST & EVALUATION COMMAND

Record Copy
CDR, APG

' Attn: STEAP-AD-R/RHA
APG-Edgewood Area, Bldg E5179

CDR, APG

Attn: STEAP-TL
APG-Aberdeen Area
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Commander
US Army Test & Bvaluation Command
Attni AMSTE-NB

. APG-Aberdeen Area

Commander

US Army Areiie Test Center
Aftn STEAG-MT-EB

APO Seattle 98733

Cominander
US Army Tropie Test Center

Attn: STETC-MO-A (Tech Library)
APO Now York 09827

Commander

Dugway Proving Ground
Atta: STEDP-PC

Dugway, UT 84022

DEPARTMENT OF THE NAVY

Commander

Naval Infelligence Support Center
4301 Sultland Rond

Washington, DC 20390

Commander
Naval Surface Weapons Center
Dablgren Laboratory

Atini GTC
Dahlgren, VA 22448

Commander
Nucleur Wonpons Training
Group-Atiaitic .
Attn: Nucloar Warfare Department
Norfolk, VA 23511

Chief, Burcau of Medicine & Surgery
Department of the Navy

Altn: CODE §53+1
Washington, DC 20372

DEPARTMENT OF THE AIR FORCE

HQ Forelgn Technology Division (AFSQ)

Afti: PDTR-3
Wright-Patterson AFB, OH 45433

HQ, USAR/SGPR
Forrestal Bldg

WASH DC 20314
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HQ, AFSC/IGS
Andrews AFB, DC 20334

HQ, Ogden ALC/MMNTM
Hill AFB, UT 84406

Director
Alr Force Inspection and
Safety Center
Attn: IGD(AFISC/SEVY)
Norton AFB, CA 92409

OUTSIDE AGENCIES

Battelle, Cotumbus Laboratories
Attni TACTEC

505 King Avenue

Columbus, OH 43201

Director of Toxicology
National Reseasch Council
2101 Constitution Ave, NW
Washington, DC 20418

Director ,

Central Intelligence Agency
Attn: ORD/DD/S&T

Washington, DC 20505
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