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TOXICOLOGICAL ASSESSMENT OF RIOT CONTROL SPRAY 
DEVICES AND FILLINGS 

I. BACKGROUND. 

In the search for effective but nonhazardous riot control devices, both commercial items [which 
contuined chloroacetophenone (CN)] and locally prepared formulations [which contained o-chlorobenzylidene 
malononitrile (CS)] have been studied. Their effects on the eyes, skln, 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. 

II. ...;,D";;;E.;;;"SC;:;.,;R;,.;:;;I;;,.PT;;,,;;I...;;,O,:..;N..,;:O;..;,,F...;:C;,.;:O;,;.;.M;;,;.;M;;,,;;E;,,;..R;;,;;;C;;;,;.I A..:;,:L:;,..;R:...:;:I...;;,O..:.T,.;::C...;;,O;:.:,NT..:.,:R:..;,;O:;;,,:L::,.;S::.::P..:,R::-,.P: ~{"P"'EVI CES. 

A. MK IV 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% I,l,l·trichloroethane. 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% kerosene fraction, and 5% 1,1 ,I·trichloroethane. 

B. Federal Laboratories Items. 

1. Federal Streamer No. 280. 

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

2. Federal L1boratories 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 sprayed into a chilled flask. the 
material collected \Vas 1.9% CN, 77 .6% propylene glycol, 19.7% isopropyl alcohol, and 0.8% Blancophore AW. The 
pressurizing gas is nitrous oxide. 

Ill. TOXICITY OF SEPARATE INGREDIENTS OF COMMERCIAL ITEMS. 

A. Chloroacetophenol1e. 

Chloroacetophenone 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. 
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The toxic and irritant properties of CN have been investigated in man and animals since 1918. A 
detailed descripti(ln of those studies has been written by McNamara at al. 1 

For study of its inhalation toxicity as well as its eye irritant properties, eN has been dispersed in various 
ways: e.g., as a dry dust, as an aerosol from the molten solid, as a spray, dissolved in acetone or other organic 
solvents, and as u d.isseminulc from severul 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 nasul discharge, erythema, lacrimation, conjunctivitis, dyspnea, salivation, corneal 
damage, and death. These signs were present in all species. Direct application of eN to the eye of the rubbit 
pmduccd conjunctivitis, blepharitis, and transient-to-permanent corneal opacity. Direct application of CN to the 
skin of rabbits produced mild·to-severe erythema and necrosis.! 

Puthologic findings in animals that died following exposure to aerosols of CN were: congestion and 
e<!ema of the lungs, emphysema, membrano~ls tracheitis, and bronchopneumonia, I 

The acute inhalation toxicity of CN to various species of animals has been studied. The data show that 
C'N dispersed from the No. 112 Spedeheat burning grenade is less toxic than when dispersed as the pure agent from 
molten 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 Ihe deaths occurred in the first 3 days following exposure.l 

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 cumulative 
toxicity of eN.! 

Physiological studies of the fottowing parameters were made on anesthetized dogs inhaling CN in 
acetune at Cl's ranging from 12,500 to 57,600 mg min/cu m: arterial blood pressure, electrocardiogram, arteri.)1 
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 thal eventually died'! 

In August 1966, all of' the toxicity data on eN from 1918 to 1965 on all animals by all laboratory-type 
dispersions (excluding munitions) were combined and a value of 7,000 mg min/cu m was derived as the human 
estimare for the inhaled LCt50 of CN.! ,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 ofCN.I,2 

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

Tests in September 1965, when the compound was dispersed in cold acetone spray and 
spectrophotometric analysis was used, yielded an lCt50 for man of about 40 mg/cu m for exposures of 1 minute or 
less. The J.Ct50 for men exposed to CN dispersed from the commercial grenade was 20 mg/clI m for 1 minute or 
less. l 

Fiv~ deaths have occurred in men following exposure to CN in inclosed spaces as a result of police 
actions.3 The cause of death has been attributed ~o damage to the respiratory system because of secondary 
bronchopneumonia from inflammation of air passagcs4 or aCllte pulmonary ederna.3 

B. 1,1 ,I·Trichloroethane (Methyl Chloroform). -, 
Methyl chloroform, a colorless liquid with II specific gravity of 1.3249 (26° /4°C) und a boiling point of 

74.I oC, is used as a solvent. Chlorinated solvents sometimes require the addition of an inhibitor to prevent corrosion 

8 

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

There were no detectable injuries in rats after acute vapor exposure' for 18 minutes to 18,000 ppm 
(I 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 t5,000 ppm, and 7 hours at 8,000 ppm,G Animals were also exposed repeatedly for 7 hours per day, 
5 days per week for 1 to 3 months.6 The growth of guinea pigs was slightly retard\ed at 650 ppm. At 3,000 ppm, 
rabbits and monkeys show~:\ 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 
il1juries or deaths ilt 31 animals exposed durh1g a 41.day period. Concentrations of 10,000 ppm produced weal.;,,\ss 
and staggering in rats in 10 minutes and semiconsciousness in 3 hours. Some deathl! occurred; survivors recm wfed 
overnight. 

The oral LD50's for male ruts, female rats, female mice, female rabbits, and male guinea pigs, 
r('spcdively, arc 12.3, 10.3, 11.24, 5.66, und 9.47 gm/kg,7 PattyS states that 3.9 gm/kg and 15.8 gm/kg applied 
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 approached saturation.s The threshold limits for 
hUmans to methyl chloroform established by the American Conference of Governmental Industrial Hygienists is 
500 pplll (2700 mg/cu m).S 

C. Dioxane (p-Dioxane 1 A-Dioxane). 

Dioxane is a colorless liqUid with a specific gravity of 1.035 (20° /200 C) und a boiling point of 10I.3°e 
(760 mm Hg).8 

Intravenous injection of dioxane in guinea pigs, rabbits. and cats prodtl('ed acute hydropic degeneration 
of the convoluted tubules of the kidney, Deaths were due to uremia caused by intrarenal obstruction.9 Deaths due 
to lung edema and respiratory failure occurred in guinea pigs that inhaled 1,000 to 30,000 ppm for 3 hours! 0 and in 
rats, mice, guinea pigs. and rabbits that inhaled 4,000 to 11,000 ppm for 8 hours. I 1 Animals also exhibited 
congestloll of the braill, 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 
iower levels. Those animals that survived repeated exposure at ull doses developed murked liver and kidney 
damage. 1 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 ill the 
liver and kidneys.13 Rabbits and guinea pigs fed 10 doses of 0.1 ml/kg showed changes in the liver and 5, 16, and 
20 doses of 0.5 ml/kg killed some animals,!l Dioxane is not an irritant to tlte skin.S Liver and kidney damage has 
been noted in guinea pigs and rnbbits follo\ving repeated cutaneous applications.! 2 The compound has also been 
reported as having hepatocarcinogenic activity in rnts. 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 .SoC 1 S ,16 lmd a density of 1.5702. 
Freon 113 has mild irritant properties, causes narcosis, and can sensitize the heart muscle to epinephrine. The tatter 
effect presents the most acute hazard to man. 17 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 arc no 
sequelae.16, 18, 19 
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No official vnlue hils been established for the mllxlmU111 Illlowtlbic concentration, but SIlX 16 tlnti 
Hlkins 18 suggest 1000 ppm (7,650 mg/cu m), This value will undoubtedly be lowered to reflect the sensitizing 
properties of the materia\. At high temperatures or in open flame it decomposes lind mny liberate toxic mnterltlls 
such as hydrogen tluoride, hydrogen chloride, nnd possibly phosgene. 1 6 

E. Kerosene. 

Kerosene is a petroleum hydrocarbon mixture of olefinic, nllphthenic. and aromatic hydrocarbons that 
boils between 2000 und 300°C. The principal constituents fire nliphatics containing 5 to 16 carbon atoms. The 
density is ab()ut 0.80. AlthOUgh relatively nontoxic, kerosene may cnuse locnl irritution,20,2l drowsiness, collapse, 
twitching of muscles, and 00111a.21 It dnrnnges the heart, liver, and kidneys.21 

The intravenous. intraperitoneal, intragastrlc, and intratrachell\ toxicity in animals has been determined 
by Richardson and Pratt·Thomas.22 Intrutracheal doses of 0.25 and 1.0 mg/kg killed rabbits and dogs, respectively. 
A fatal dose to rabbits by stomach lUbe was 35 ml/kg. It has been found that hydrocarbon mixtures of low viscosity 
(kerosene) were readily aspirated lind considered hlghly toxic by this route; deaths often occurring in less thun 
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 nspiratio'\l wns 
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 
;:hildren in the United States.24 The principal pathological finding in clinicnl kerosene intoxication is a chemical 
pneumonitis which may be complicated by bacterial pneumonia.2S -27 Denth results in 4% to 10% of the cases 
reported.28 Although animal experimentalists nnd c1irticians disagree abOlll the cause of the pneumoniti!> foilowlng 
congestion, a great deal of evidence points to direct entry and spread into the lungs (aspiration) rather thnn 
absorption through the gastrointestinal tract. For kerosene, the LD50 ratio for oral/intrucheal routes is 140/1.23-29 

IV. TOXlCITY OF MIXTURES CONTAINED IN COMMERCIAL ITEMS. 

A. MK IV Chcmir.al Mace. 

The effects of materials contained in the MK IV Chemical Mrlce 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 I, 2, and 
5 seconds to aerosols ejected from the MK IV Chemical Mace at a distancf.) of 6 feet produced no detectable 
conjunctival irritation or corneal damage. A !lingle 'exposure of rabbit eyes to 0.1 ml of MK IV formula caused a 
slJght conjunctival erythema 24 and 48 hours after exposure which disnppeared by 72 hOllrs.3l The material was not 
considered to be an eye irritant under the Fcdcr:Il Hazardous Substances Lnbeling Act. 

"'Grobecker, A.], Freon/Ozc:me Problems. Department of Transporlmtloll Cliruntic Impact Assessment Progrum. 
January 31. 1975. Unpublished data. 

·+Now known as Tox/cology DiVision, Biomedical Laboratory. 
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In the tests conducted at Edgewood Arsenal,32 the spray produced conjunctivitis, blepharitis, sWQllen 
cye\i.ds, depilation around the eyelids, tlnd pal,ches of erythematous skin in rabbits in 1 to 7 days. They recovered 
within 14 days and th.ere was n() corneul dnmage. The Ilppl!cntion of the liquid t() the eYUiI of' rabbits nnd monkeys 
caused conjunctivitis, blephnritis, und cornenl opucity; the Inst effect still evident at 30 days in some rabbits. The 
liquid applied to the skin of rabbits IUld monkeys caused, erythema, dermatitis, and necrosis in some anlmllis of ench 
species within I week. In the rabbit, scar formutlons und cutaneous lesion.s persisted for 30 days. The ~kln of the 
monkeys appeured normul in 30 days. When liquid was injectod intr. the trachen of dogs, tracheitis and bronchitis 
Were noted within the first week und at 30 days. 

2. Effects on Humans. 

In further tests performed at Edgewood Arsenal,32 the liquid was npplied to the arms of US Army 
vCllun(eers and produced immediate burning and itching which subsided in 20 to 30 minutes. Some erythema 
persisted up to 48 hours. Twenty-four-hourpl!!~h tests produced erythema which WIIS discernible up to 7 dllYs. 

3. ConclUSion. 

As a result of our tests und a !lews reiense38 by The Surg~()n General, US Public Health Service, warning 
that Che:l1ical Mace {nay be harmfUl, tests of another riot control device (the Federnl Streamer No. 280) were 
conduct.ed at Edgewood Arsenal. 

B. Federl!.1 Streamer No. 280. 

]. Ocular and Cutaneous Tests. 

The contents of several Federal Streal\ler No. 280 units were removed and applied directly to the skin 
or ~yes in the first tests. The materitll was drawn into syringes and applied as discrete droplets to th~ 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 Fede~!ll Streamer 
No. 280 units were actuated for I or 5 seconds and the spray was collected in tared flasks and weighed before the 
bnimal tests. Based ()n calibration, the i-second firing yielded about 1.0 ml ()f formUlation and the 5·second firings 
about 10.0 ml. 

Both eyes of each unimal were e~amined and any animals with eye defects or irritation were not used. 
Defore and during the tests, the animals were individually caged in raised pens free from animnl bedding and animal 
droppings. One clay after administration all dosed eyes wece flushed with Isotonic saline and cleansed with sllrgical 
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, und Ule eyes flushed wIth isotonic saline. 
Corneal involvement was then assessed. Two days following exposure, after clinical observations. nil dosed eyes were 
flushed with isotonic saline and treated with one drop of modifi~d I 5% sodium slJlfacetamide ophthalmic solution. 
On subsequent days of observation, only those eyes which wartantzd treatment were flushed, cleansed, llild treated. 
The evaluation of eye iHltancy was done in uccordance wilh a llloi.1ified Dralze technique (table A-I).'" 

The animals were prepllfed for clItaneous testing bY clipping their skirts free of hair on the trunk. Any 
1l11hna\s With skin abnormaUtics (abrasions, discoloration, I!fC.) were eliminated from testing. After dositlg, no 
subsequent trenting was dOlle otl1l')r than F('clipping hair in some instances to observe masked skin loactions. The 
grading system used to evaluate skin irritation is shown il1 table A·2. 

*Tables A·I through A·17 lire in the appendix. 
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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 sacriliced 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 c 0.025 2 

*Isotonic 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 isotonic 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 
ta.ble A-3. 

Dose 

Ocular 

ml 

0.005 

0.025 

0.2 

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

Effects 

Cutaneous Ocular Cutaneous 

0.025 Some reddening of conjunctiva Mild erythema 

0.1 Mild to moderate conjunctivitis; Minimal to moderate 
some chemosis erythema 

1.0 Moderate to severe conjunctivitis; Moderate erythema 
some chemosis and corneal opacity pinpoint to 3 mm 
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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 
0.0 I 0 ml caused chemosis and redness that disappeared in 6 days in five out of six rabbits. A dose of 0.025 ml 
pruduced chemosis and redness in nve 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 :; to 13 days. Doses of 0.05, 
0.10, and 0.20 m1 produced marked chemosis, redness, and corneal opacity. The corneal opacity disappeared in 9 to 
12 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. Thc saline COli troIs showed no effe,cts. Details arc 
shown in table A-4. 

Gross clinical observations of the skin indicated that all cutaneous 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 showed no 
effects. Details are shown in table A-5. 

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

b. Direct Applications of Liquid to Mo~keys. 

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 oClilar and 
cutaneous doses of isotonic saline. Four dosed and two control animals from each dose level were sacrinced and 
necropsied 3 days later (table 3). The relllaining monkeys were observed 30 days for gross ocular and CU::Uleous 
effects. At 30 days they were sacrificed and necropsied. 

Dose 

Ocular 

m1 

0.005 

0.025 

0.1 

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

Effects 

Cutaneous Ocular* Cutaneous* 

0.025 Mild blepharitis No significant lesions 

0.1 Mild to moderate conjunctivitis No significant lesions· 
and blepharitis 

1.0 Moderate to severe conjunctivitis Slight thickening (2) 
and blepharitis 
Corneal ulcer (1) 

<-

*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 persist~d for I day. A dose of 0.025 ml produced mild chemosis and corneal 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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0.10" obiCNallOrts Or the skin lJldJcated that a cutaneous dose_ of 0:025 ml produced no ef~ect 

thloughoUt th •• ~7.ilo"",;gg~. d"ar ~": d:~ O~}OI ~ !~:':o~~,:~~::;~;~~~;n ~~~eo~;~~;;:~~~~ ~~ 
~~; :~~.~:~~ .~I:J In two of '11Jh' IlIonkey. In 3 day, also. Necrosis w" e~dent In one monkey ~~~~eO~~I;~ 
~:~t:i~ :~:=:~h:~~~:~:!~t~f~~;:~~:h~;~;:!: ;':!~tl~~ ~r ~le !~~:;sl!~e~~~p~,~n:t ~~~~;s showed no 
le'l!m~. 'T3bte·A,,7 p(c$.Cllta delallcu data. 

c .Spray Tests ill RabbitS. 

Iwbblb were rcslnilnCd nnd theIr left eyes sprayed ilccording to the de~ign shown in table 4. 

l'ablc 4. Design ofSpr:lY Tests 

No, of Tntal time I)istunec of rabbits rrom Observation 
rnbblls sprayed dissemination pOint period 

SeC ft days 

S 1 1 :30 
5 1 3 30 
5 I 6 30 
5 5 1 30 
S 5 3 30 
5 5 6 30 
4· I 3 3 
4· 5 3 ., 3 

2" 1 3 3 
2++ S 3 3 

·SI\Crmcctl and ncCWt18ied nt 3 oa)'s. 

··isotonic ll:ilhlc controls; also slIcriOcd and necropsied at 3 days. 

All of the .fnbblls spn\Ycu with the fmlllulation (except those sprbu. yell fO
I 
r l Se~~~dya: 6c~~~?ati:I:~i~~ 

. .1 d . f' (t'IOles A.8 and A·9) In the group 0 serve( or a, • 
3CYCIe lih(!mo$l$ 1111\.1 to ness 0 eyes • Ill' xc pt fo; those sprayed I second at 6 reet. The signs were stilI 

~~~~~~~~~~1111:~\~~~~~\:~::;~ \~~:~:~:~~~¢~~l~~i!dl~;:r~~lgl~ollt tho 3~-day ~bservation period in four rabbits. 

1 U$\ologienl eXIIll\lMtion (If tho group sllcrificed nt 3 days showed that the I-second spray caused 
l1\\)\hmm eonl~lI\l;tMtl$ und bt<lphlltltls.lhese effects were severe in the group sprayed for 5 seconds. 

11\cre WClS Jesr U~\IO r~mllt\tton Inarc;Is 1 t03 inches around the sprayed eye in the m~rity ~f t!~e 
lilbblt$t wlth1\!) hlHr stOwth eVident nl 30 clllYS. A few rabbits tlppeared to have eye mtlscle damage. 0 ocu ar r 
1!:\1tlll\~mU r~.JcU()l\~WerQ lieen In tho $llllnc t;(lnlto!s, 

tL l~tch Te!ts in l!nbbHs. 
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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).O 1111 of isotonic saline. Four rabbits from each formUlation group and two rabbits from euch saline group were necropsied at 3 days. 

Both doses of the formulation produced mild to moderate erythema within 24 hours in al\ animals. 
Moderate necrosis Was seen in two of eight rabbits receiving 1.0 ml and in one of the eight rabbits receiving 0.1 ml III 
48 hours. Of the four rabbits (l.O-ml dose) submitted for necropsy lit this time. three showed moderato to severe 
erythema without formation of nec.iotic tissue, and one showed moderate erythema with patches of necrotic tissue 
covering more than 50% of the dOSllgC site. The skin of the other four rabbits in the I.O-ml dose group was necrotic 
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 nreas of necrosis were pronounced throughout tile 30-day 
observation period. Mild to moderate erythema was seen at 72 hours in four rabbits that received the 0.1'1111 dose; 
Ill'crotic tissue was seen in 3 to 10 days and persisted in three rabbits throughOllt the 30-day observation period. Of 
the four rabbits at this dose that were sacrificed at 72 hours, nOlle had any necrosis but all had modemte erythema. 
The controls showed no effects within 24 hours or during the 30-day observation period. Details of the gross 
observations arc shown in table A.IO. 

e. Effects on Human Skin. 

Eight male volunteers received a dose of either 0.01 1111 or 0.025 tn[ of the Federal Streamer No. 280 
formulation applied to the bare skin of the volar surface of the forearm or to saleen patches taped to the ,volar 
surface of the forearm (tahle A.II). They were asked not to wash the area or to remove the patches for 24 hours. 
The test areas were exnmined through the Ilrsl 4 hours ofter application ilnd at 24 hours. Daytime temperatures 
dllring the test period averaged 59°F and relative humidity was grenter than 90%. 

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

2. Tracheal Tests in Dogs. 

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

Three groups of eight dogs (,Hch 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 grollp of 
eight dogs, 0.50 ml per animal was injected intnltracheally 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 sacrH1ced 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 tnlcheal 
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 arc shown in (abies A-13 
through A-15. The blood values ~t 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-I3). Signs 
seen were dehydration, cough on tracheal pressure, and auscultable congestion In the lungs (table A-I 5), The geneml 
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 arc 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 ventm~ 
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"lid;, (eglOn 24 h()Unl after uC'!llng. 'fhe mean blood values hefore and 96 hours after dosing arc shown in table A·14; 
Were' wefe fl(} JligniOcl1rtt changes. Signs observed were the same as tllose exhibited by the intubated dogs 
(U~bl(l A· f 5). There Wall no dlffercnce in dehydration among dosed and control animals. Five of the eight dosed 
IJl1ltt14dll cxhlbJtcd trncheal ccmghs; Lhl: controls did nOL No lung congestion was detectable i11 either the dosed or the 
ttlftl!!)! group. 

Wh<!(1 the dog$ lha! were given O.S ml of Ihle formulution by injectlon were compared with the dogs that 
ter~t'Vcd Ute t.he $ame lHnoun( by lhtub~lIion, II higher incidence of cough on tracheal pressure and a lower incidence 
IIf ,lU!>l2uHable cOllgcGtion was seen In lite dogs given intratracheal injections. 

Oml Spray TetH51rt Dogs. 

PhYIII<:lll cxamHlnlIon, method of observation, lind necropsy schedule were the same as for the tlJeheal 
!Hul illtrnUnchclil 10$(5, 'fIle }tedcr:ll Streamer No. 280 wns sprayed into the mouths of eight dogs to determine the 
i:'lf",~ I 1)( (he solu fion on Onlt n1l1c(,sal membrlllles and (0 see if the rna (erial would enter the trachea when 
,tlIUII1lI5i(,lCd HI thls W:IY. 'file dogs were comfortubly rc!straincd in a sitting posWon with their heads hcld level, their 
mmithr. held nllell. am! their I<lngncs del)(CSscd. The rreder(Jl Streamer No. ::!80 device was held an inch Or two in 
J'tulll ur tho tlp(,flcd mouth, rllld lJ I-second spray was directed into the throat. Based on calibration, the estimated 
dll~(' delivered 10 elicit dog WtlS 1 ml. FmH dogs were sprayed with isotonic saline in nn identical manner. The test 
pwtn('IlJ l'l shown In 1»blo A ·12. 

The (jons rcnctcd intlllcuinicly to the ngCiJ1t. They displayed profuse salivation and chewing aNion, 
hcrume {tlghtenl'd. lIml huddled tn~clhcr. No coughing was noted. There were no significant changes in blood values 
(fahle 1\·14). Icmpcmlurcs were not recorded. The exposed and control dogs had the same signs; none of the Signs 
,sCtl1lJl the tracheal or l!lIwtrllchcnl tellts were noted. 

V TOXICITY OF (,S FORt.,WLATIONS. 
IIJIrl 

A, ~:S 1ft Trltlcty1ehosplmh.' (TOF). 

CS is hctlevcd to he Jl n)tnc potent aud safer irrUnn! thall CN.34-S 7 It nppenrs to be less damaging to the 
l')'\'t\ .1Ilt! skm)S The IncnrlilcHlltlnp, dose for riot contrl'l for 50% of a population ([CtSO) is a Ct 
(\'IlIl(CI\ln1!h)jl X tlInc) uf 0, I to J 0 mg nlin/c\1 111.3$, 'foxlcologlcal testing has shown tdoctylphosphate (TOF) 1.0 

11llvt..' 'Illme toxiCl1} whell mell In lnrg<' doses or when npDUed repllutcdly to the Same skin area,38,39 It was felt thnt 
Ihcsc Uflhl\V(\r\l dreelS W(luld f\11t nccur jf TOF were used as t\ riol control spruy material. 

Tcm tH CSrrOF solutions In nnlmals and man were pcrfmmcd. 'fhe details of this work have been 
repurted .scl)(mllely;37 AO •• ll howcvtr. the cnnc1usions nrc sun~marized brieny here. 

t. OC~lh~r IUfccts of ('S/T01" and T01': Alone. 
.. , -:->:; 

'1lCl hlghcsr tlnse (0.1 ml) of 1% CS/TOi' :md 'fOF 1\\ono instilled In the eyes of monkeys had no effect. 
The lughesl tl~)SC (O.~ m!) put In the eyes or rllhbits produced very mild effects which regressed within 2 weeks.l7 

SC\'C«l ehcmo$i$ Md redness. which persisted for 1 week, were produced whelt to mt of a 1% CS/TOF 
tt\hllioll \1f TOP U10M wns spruyed into the eyes of rabbits from II distnl\cc of 1. 3, and 6 fect. No corneal lesions 
were seen.J? 

V!\li\)tl~ cOl\ccnlrnUO/lS of up to t.O% CS{rOF were given to 18 voh.l.ntccrs in either n single drop or in a 
buef BIHll)' ill one (lYc:\() The)· cotlld not open their eyes for 20 to 85 seconds. and only after 70 to 450 seconds 
were (hey I\\,le 10 rClld20/10 ktters. The Incapacitation np\1eared similar fr. r all concentrations- tested. 
tdoct),lphOS1'lhi\lo "lone had no ohvio\ls effects. it was concluded that small quantities- of up to LO% CS/TOF in 
i:on1\\ct WlUl che human eye urI! extremcly irritating and cause tr(lnsicl1t conjUJ1ctivitis but no corneal damage in 
U\lUL Tdoet)'lpho$plmte tllt'ne hud 110 obViOUS effc!ct,40 
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:;. Cutaneous Effects of <;:S/TOF and TOF Alone. 

The lowest dose (0 0')5 1111) of 1% CS/TOF d TO 
in,lmedin(e erythema that progr~s~d to ttecro;is'in 8 to ~~ I F ~I,!o~\e applied in tirol'S to the skin of rabbits caused 
allcctcd being mOre extensive due to the greuter s . d ~ ~ys .. Ig. er doses Clltl$cd the same reaction With the nrc!! 
he:licd, by the end 01''2 weeks, The highest dose (t,:~i; o~ II ~e('~q/~ld ~ove~' ,the skin: In ,Illost instances (he skin Itad 
SkIll of monkeys)7 Ie or nllxlure or ror· nlone had no effect. on the 

Patch tests with 0.1 tint! 1.0 ml of 1% CSj'fOF .. " " 
SUIllC doses of TOr produced no re:n.:tion.37 cnused necrosIs of rabbit skIn that healed itt 9 days. The 

When 0.01 ml of 1% CS/TOF was applied to the b' k' • 
was Inped to the skin of the forearm of four volll t ,ITO S In or the ~{)Ial' !()fCarm or on II sateen patch that 
Stinging senslltion for the first 30 minutes When \l~ee~rs, one ~f the two subjects pnkh·/cs[ed experienced n slight 
no reactions were seen (table A.I n.· ose Was IIlcreased to 0.025 ll1llltl both bare nnd covered skin, 

. In other tests,41 CS I/TOF was applied on UIlCovet'ed ,t I ' 
belllg exposed to all concentrations (0./ 0 2 a 3 0 5 0 ~. P.l c les to the foreheads of five volun teers, eac.h 
~es;ing was performed at room tempcratur~ c75~ t~ 80~F)' ;~~: :lI1ci rot;{. ('~,I!TOF (w/v)] .at the same time. Initilll 
80 F. The men were kept in the chamber for ubout 30 '. ItJo~a tests'\CIC performed In a chambcr at 10S() nnd 
0.1, 0.25,0.5, and .1.0% in rOF (w/v)] . lnl,nutes ~ efore the tests began, anti then CSt [0,01,0.0$, 
tested (0.1% to 1.0%) at the low tent~:~~t~:;~11~;:d ~S 1 

111 TOI< caused stinging of the skin in all concentrations 
tcmparature. Immediate erythema occllrrcci variabl n~1l all cO:lCe~t,:ations le,stcd (0.0 '9(, to 1.0%) at the high 
concentrations. Irritant dermatitis did not oc' If T ~ t both tcmpctatu(es, WIth both exposure times. llnd al all 
nnd variable sensations in few'sUbjects 'Ind mil~t il;111ndo~ tYIPhotShPhate y % to 1 ~()~f' ,~11 propylene glycol) caused mild 

I I e 1,1 e cry emu m one suhJect," I 

3. Effects ofCS/TOF ond TOF Alone on the Upper and Lower Rasp/mtory Tmct. 

Wllen 1% CSjTOF WaS introduced hun the 11' I . f db' , 
clinical signs were noted. Tllcse signs were not dos\,r hted:'

c 
1:,\ 0 logS y eltiter 1I1tubntion or injection, only mild 

c e,. ,111 Jact, t lOY were most frequent lit the lowest dose}7 

The results indicate that injection of 0.51111 of CS/TOF 'T. ' 
not calise enough damage to be discernible by clinical b '1 o~ OF, al?l1c Into the t~achca of the dog docs 
severe enough to cause fever rol10U ". • a SClVat on. Tlus dosc dId not result III seeondury Infcctlon 
clevation in white blood cell 'c~unl I~C~~1 ~el;r~{atloll' ~polltaneous ~ollghing\ gcnemllzed nuscultlltory sounds, or 
warrant veterinary treatment unde/ the ~:~{~~ion~cQ~e~~nt~ t.ntl. d~~!~I~n of ~I~ns wer~ not i~ a category that would 
method of Cxposure, i.e., direct injection into the tracl:ea~~~'\ ,lHl 111 ,I calC. ThIS IS cspccwl1y Significant in view of the 

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

The only effects seen in the dogs rabbits and !'nO k <1. I . 
mild respiratory Signs in the dogs CXI)oscd by' 'CII' tl"· , nc~s use ,10 t Ie eye, skIn, lind IUllg studies \Vere 

• t lIlS I 1IIg 1e matenals dm~c(/y W{() tIl(} trachen.37 

No irreversible damage is expected with 1% CS/TOF ~olu!ions in the dOse mnges tested. 

B. CS in Polyethylene Glycol (PEG 200). 

Polyethylene glycol (PEG 200) is fl· '" 2 . 
intraperitoneally,43 percutaneously 44AS n doll 44.~ 7 1 ~w tOXICIty, tntravenously,4 tntrumusclIlnrly,42 
cause sensitization when 'I Hed' , • n ra y. t IS not dnmttgUlg to the eyes44 or, ','148 and docs lIot 
nontoxic solvent! tests on<::Cs al1~~~~~~~~~:~~t;~t~~.guinen pigs.

49 
Since CS ls ndequately sOlul)1e in this relatively 
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SoluUons ofCS (1.0% nnd O.I%).in PEG 200 were instilled in the right eyes of groups of four rabbits 
each at dO$6 levels of 0.05 ml and 0.5 ml, Two control rabbits each received equivalent dose levels of PEG 200 alone 
(tfjblc A·17). All dO$el$ of CS in PHC 100 produced severe chemosis that disappeared In I day. A dose level of 0.5 ml 
of ('8 (1.0%) in PEC 200 also produced redness and scattered corneal opacity which appeared In 3 days and 
dlsnppearcd within 10 days. Polyethylene glycol given alone at either dose level produced no ocular effects. Six of 
the rabblt5 received a cutanllousdose or I ml ofCS (1% In PEG 200); no Siignlficant reactions occurred in the 14-day 
()hscrvallon period. 

c, CS.in Propylene Glyco). 

HIght d08$ were given CS/propylene glycol (0.5 ml) by tracheal intubation; two dogs were given 
equivalent doses of propylene glycol nlone. Half of the dosed animals 11nd the two control animals were necropsied 
II I .J dill'S, and the other four dosed animals were necropsied at 30 days. No signs were seen at this dose (tables A·13 
:md A· .15). There wns no evidence of po tholog/cal lesions in any of the dogs. 

VI. STADlLlTY OP CS SOLUTIONS. 

the stubiliLY of CS/TOF and CS/PEG 200 solutions, stoJred under vurious conditions for IS days, was 
determined by uitHivi%t analysis. The two solutions were monitored daily, and changes in ultraviolet absorbance 
peakil (II 300 und 228 1I1/l wero rcc()rdcd. The concentrations ot' unrel/lcted CS found in the solutions were compared 
ttl the contrnl peak height (300 tn/l). ,me.! the percent of this value was recorded every 24 hours. 

A. (,S/TOr: Solutions. 

The ('SITOF solutions containing 1.0% agent were relatively stable for various time periods at either 
:!SQ or I tlc with fluorescent light, but they were degrnded when the temperature was raised to 90°C. 
C'n!\ccnlnllions of 0.1 % or 0.06% were degraded at 25° and 12c1C in room light In direct proportion to solution 
strensth. Snmples containing 1.0% CS stored in darkness were less stable than those stored at the same temperature 
(25'>(') under Ollorescentlight.37 

n. (,SNUG 200 Solutions. 

The CS/PEG 200 solutions were less stnb!c than the CS/TOF solutions when stored at 25° or 12°C in 
lIght.ed arcus. The CS/PUG 200 solutit)HS were more stable at the rugher concentrations than at the lower, and 
stnbillty WIIS increased at both conc~ntfllti()n'l when the storage temperature was lowered from 25° to 12°C. 

VII. SUMMARY AND OISCUSSI0tl,. 

The datn generated in the present study on the Federal Streamer No. 280 and CS/TOF mixture and 
\uovlous stmllos on Mace support certait\ differences between the three fommlations. Although the differences in 
ench I\SpCel of these studies may not appe:lf significnnt, the overall results suggest a definite safety factor in favor of 
(,S. AddiHonully, the results of the previous study on Mace would plnce. It in the category of being at least as 
dntnugin8 {IS Pelletal Streamer No. 280. 

BlIsccJ on the pathology datn in the present study and on the work on human eye effccts,40 the 
following $tnlet11cnts lIlay be mudc: 

1. TIle ocular lesions produced in rabbits by Federal Streamer No. 280 were mOre severe titan tItose 
luoduced by CS{fOP. 

2. Severe petllur !l:sions were produced in monkeys by Federal Streamer No. 280 while no ocular or 
euH\n~()us changes resulted from CS/TOF. 

3. TIll:- spray test showed clearly that Inore severe eye damage is produced by Federal Streamer 
No. 280 tltun b~' CSrrOl~. 
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4. CS/TOF in concentrations up to 1.0% administered in either n 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 arc 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 TOF Alone 
Instilled into the Eyes of Rabbits and Monkeys. 

The ocular responses produced in rabbits and monkeys indicate that 1% CS/TOF was the least irritnling, 
CUll sing only mild effects to tIte 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 I % "gent caused moderate to severe effects in the rabbit eye, but 
it should be pointed out that corneal involvement disappeared ufter 10 days without scarring. Monkeys were nut 
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 species although micro·techniques were used 10 deliver the 
dosages. Doses of 0.025 ml caused moderate to severe chemosis and redness in the rabbit eye, the severe effects 
including corneal involvement. In the monkey, a dose of 0.025 ml caused moderate eye effects, and a dose of 
0.10 ml caused severe chemosis, redness, and corneal opacity. See table 5 for detailed data. 

Table 5. Ocular Imeets Aft~r Instillation of Four Liquids Into Hycs uf R:I!Jbtts and Monkeys 

IllgheM (1I)\c 
CUllSlIlg no 

SolutiOli ciTed 

R:lbhll /tI(lnkey 

1111 

Federal St rcamer 280 iI u , 
CS/TOF 1% a ,I ! 

I 
CS/I'EG 200 O.I~ II N,l[ tc~tcd I 
CS/I'EG 200 I.OOf Not tested a 

TOF (control) 0.05 

3 All doses effective. 
bNo response 3t highest dose. 
COnly severe chemosis. 

0.10 

Lowest dose 
c:lllsin~ mild 

chemOSiS 
un'd/nr 
redness 

R',lbbll Monkey 

III I 

0.005 0.005 

0.10 0.005 

0.05 Not tested 

0.05 NOltcstcd 

0.10 b 

NOTE: 0.005 ml : Lowest dose used, rabbits nnd monkeys. 
0.50 ml = Highest dose used, CS/I'EG 200 solutions only, 

l.owest duse 
cUlislll~ 1Hnd~rnlc 

ch~lIlo,i" 
and/or 
rcdnc~s 

R',lbbit Monkey 

Illl 

0.O~5 O.O~5 

b b 

0.05 Nnt tested 

0.05 Nul tested 

0.20 b 

0.20 ml :0 Highest dose used for all formulatfons on rabbits, except CS/I'EG 200. 
0.1 mt '" Highest dose used on monkeys. 
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Dose cIIlIsing severe 
chcll1usis, redness 

With corneal 
IIlvolvel\lcnt 

Rabilit Monkc> 

III I 

0.025 0.10 

b b 

c Nol tested 

0.50 Not tested 

.. b 



B. mfccts of Fedtlral Streamer No. 280 Pormulation, CS/PEG 200, CS/TOF Solutions, and TOF Alone 

Applied Directly to the Skin of Rabbits and Monkeys (Table 6). 

Although the skin lrritunt properties of TOF and 1% CS/TOF solutions were similar, the two species 
ICSI~()IH.Jed dirfertlntly. Doses of 0.025 ml per rnbbit produced erythema that became more severe over a 7-day 
(ll.'cwd; necrotic tIssue formed In frolll 8 to J 0 days. IHgher doses produced similar reactions on rabbit skin, with the 
urell or involvement being proportitHtnl to the spread of the liqUid over the skin. Recovery occurred in a significant 
number of rabbits at all dose levels with either solution after 14 days. 

No effects were pr()~Uced in monkeys given the highest dose, I mi. of either TOr or 1% CS/TOF 

Monkeys were not tested 1:1I1aneously with CS/PEG 200. and the highest close administered to rabbits 
( 1.0 ml per 1IIIImnl) produced no cfrecls. 

The Federal 8lremuer No. 280 formulation produced mild to severe skin reactions on rabbit skin at all 
dnse levels. The lowest dose (0.025 III I per unimnl) caused mild to sevoro effecls thnl were similar to those produced 
by Ihe saine uose of 1% cs/ror solutions in the rnbblt. A comparable dose-rcsponse relationship was seen between 
l!)~, ~w(~ solutions. M(lnko~s, however, were affected by the Federal Streamer No. 280 formulation but not by 
( S/' 01' solutions. Doses of 0.1 1111 per lIlonl~ey caused moderate to severe erythemt\ one[ 1.01111 per monkey caused 
nel!tosis. Thc~e responses show the Federal Streamer No. 280 formulation to be more hazardous to skin than 
CSiT()!: solutions. 

r 

Table (I. Cutnlleolls Effects of Four Liquids Applied Directly 
ttl (he Onre Skin of Rabbits and Monkeys 

Highest dose Lowest dose 
causing cllusing 

Solution no mild 
effects effects 

RabbH Monkey Rabbit Monkey 

ml 1111 

Federal Strellmer 280 '" 0.025 0.025 0.10 

CS/TOF )I" ,(I * 1.0 0.025 "'* 
(,S/IlBG 200 0.1% 1.0 Not tested ** Not tested 

CSJPHG ~OO 1.0% 1.0 Not tested "'''' Not tested 

T(W '" 1.0 0.025 ** 

'" A\I doses effective. 

*'" No response lit hlShcSl dose. 

N01'E: 0,025 IlII ~ Lowest doso used, rabbits nnd monkeys. 
1.0 lIll t:: Highest dose used, rabbits and monkeys. 
Mila effects - mild to moderate erythema. 
Moderute effects ... modernte to severe erythcmn. 
Severe effects - necrotic tissue tormation, 
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Lowest dose 
causing 

moderate 
effects 

Rabbit Monkey 

1111 

0.025 \.0 

0.025 >Ie", 

*'" Not tested 

** Not tested 

0.025 "'* 

Lowest dose 
causing 
severe 
effects 

Rubbit Monkey 

ml 

0.025 1.0 

0.025 *'" 
** Not tested 

>1<* Not testcd 

0.025 ** 

I 
II 
I 

C. Effects of Federal Streamer No. 280 Formulation, CS/TOF, CS/Propylcne Glycol, und TOF Solutions 
Administered Intratrncheally to Dogs. 

In dogs dosed intrntracheally I by either intubaHon or ingestion techlliques; with Federal Streamer 
No. 280 contents or with CS/TOF solutions, only mild signs attributable to tho compounds wore 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 
cases, the signs were more I'requent in dogs receiving the lowest dose than the highest. 

The generally good health of the animals 3 days after dosing indicates thnt instillation of 0.5 tnl of 
either solution Into the trachea did not cause enough tissue damage to be revcaled by critical veterinnry examinatloll. 
This dose did not precipitate secondary infection severe enough to calise fever, pronounced dehydration, 
spontaneous coughing. generalized congestion, or changes in white blood cell counts, In generul, the severity and 
du.ration of signs were not in Ule 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 intratracheal doses of TOF, 
propylene glycol, or CS/propylene glycol solutions by intubation. 

Dogs whose throats were spruyed 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 liek until most of the 
dose had been swallowed or expelled by salivary flow. Coughing and choking were not generally seen. 

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

D. Effects of Spraying Federal Streruner No. 280 Formulntion 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 5 seconds at 
rabbits from the Streamer alid an equivalent 10-m! spmy of CS/TOF or TOF alone directed at rabbits from 1-,3-, 
and G-feet produced severe chemosis and redness which persisted throughout the first week of observation. Scattered 
corneal opacity was seen in most of the rabbits sprayed for time intervals of 5 seconds or I second with thc Federal 
Streamer No. 280. No corneal involvcment was noted in uny of the rabbits spruyed WiUl CS/TOF or TOF only. In 
the first 7 days, skin erythema was noted after CS/TOF, TOF alorle, and UlO Federal Streamer No. 280. Thc 
erythema abated at this time with CS/TOF and TOF alone; however, the spray disseminated from thc Federal 
Streamer No. 280 produced scar tissue nnd underlying mu~cular dumage which perSisted throughollt the 30-day 
observation period in some rabbits. 

Respiratory distress (wheeZing) was 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 Chemicnl Mace (MK IV) previously tested under the same conditions produced moderatc ocular 
effects of shortel' duration with no cornenl involvemen t.3 2 

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 formntion 
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 mltproduced erythema which was noted after 
removal of the patches at 24 hours. Increasing erythema and necrotic tiSS\le formation occurred at both dose levels 
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during the foUrth day. TIle erythema persisted foc 10 days but the necrosis had dlsappellred in all rabbits by the 
ninth tiny. 

alollc. 
No skin cellction was seen during the to·day observation period in the control rabbits receiving TOF 

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

(ested. 
Only CS/TOF was tested In tile human eye; no corneal damage resulted from the small quantities 

In man, the Federnl Streamer 280 formulation (0.0 I or 0.025 ml) caused only slight erythema; 
concentrations of lip to 1% CS in TOP prodllced 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 seen in rnbbits, dogs, or monkeys tested with the Federnl Streamer No. 280, 
CS/TOP, TOF, CS/pEG 200, or PEG 200 solutions except for mild, gross signs of respiratory involvement seen in 
dogs Ics(et1 flllralrncheally with Federnl Streamer No. 280 and CS/TOF solutions. 
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APPENDlX 

TABLES 

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

Cornea 

No ulceration or opacity 
Scattered or diffuse areas of opacity (other than slight dulling of normal luster), details 

of iris clearly visible 
Easily discernible t.ranslucent areas, details of iris slightly obscured 
Nacreous areas, no details of iris visible, size of pupil barelY discernible 
Complete corneal opacity, Iris not discernible 

Normal 
Mnrkedly deepened folds, congestion, swelling, moderate circumcorneal injection (any 

of these or combination of any thel'eot), Iris still reacting, to light (sluggish 
. reaction Is positive) 

No reaction to light, hemorrhage, gross destruction (any or all of these) 

. Conjunctivae 

Red~ (refers to palpebral and bulbar conjunctivae excluding cornea and iris). 

Vessels normal 
Some vessels definitely injected 
Diffuse, crimson n;d, individual vessels not easily discernible 
Diffuse beefy red 

Chemosis 

No swelling 
Any swelling above normal (includes nictitating membrane) 
Obvious swelling with partial eversion of lids 
Swelling with lids about half closed 
Swellirlg with lids more than half closed 

o 

[I] b 
2 
3 
4 

o 

r1] b 
2 

o 
I 

[2] b 
3 

o 
1 

[2) b 
3 
4 

a A modified Draize technique described in the "Illustrated Guide for Grading Eye Irritation by Hazardous 
Substances" published by the Food and Drug Administration. 

b Bracketed figures indicate lowest grades considered positive under Section 191.1 2 of the Federal Hazardous 
Substnnces Labeling Act. 
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Table A-2. Gruding System Used to Evaluate Skin Irritation 

Erythema 

No erythema 

Mild erythema 

Moderate erythema 

Severe erythema 

Erythema with edema 

Necrosis 

No necrotic tissue 

Less than 50% necrotic tissue 

50%-100% necrotic tissue 

100% necrotic tissue with well defined eschar formation 

Dehydration and/or Desquamation 

Appendix 

No dehydration or desquamation 

Mild dehydration or desqui>;mation 

Moderate dehydration or desquamation 

Severe dehydration or desquamation 
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Table A-3. The Ocular and Cutaneous Effects of Federal Streamer No. 280 (0.9% eN) 
Applied to the Eyes and Skin of Rabbits U 

Ocular effects 

Days after dose 

Dose 
Rabbit Ib 2 3 

No. 
CH R C CH R C CH R 

ml 

0.2 lOl 2 0 0 1 0 0 2 0 
0.2 102 2 0 0 2 2 2 3 a 
0.2 103 2 2 0 2 2 2 2 0 
0.2 104 2 2 0 2 2 1 2 0 
0.2c 113 a 0 0 0 0 a a a 
0.2c 114 0 0 0 0 0 0 0 0 

0.025 105 0 1 0 0 1 0 0 0 

0.025 106 1 1 0 0 1 0 2 0 
0.025 107 1 0 0 0 1 0 1 0 
0.025 108 0 0 0 0 1 0 0 1 
O.025c 115 0 0 0 0 0 0 0 0 

0.02Sc 116 0 0 0 0 0 0 0 0 
0.005 109 0 1 0 0 0 0 0 0 
0.005 110 0 1 0 0 1 0 0 0 
0.005 111 0 0 0 0 0 0 0 0 
0.005 112 0 1 a 0 0 0 <I 0 
O.OOSe 117 0 0 0 a 0 0 a a 
O.OOSc 118 0 0 0 0 0 0 0 0 

UThese rabbits were sacrificed and submitted for necropsy 3 days after exposure. 
bObservation days post dosage. 
c Isotonic saUne controls. 

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

CH - Chemosis 
R - Redness 
C - Cornea 

E - Erythema 
N - Necrosis 
D - Dehydration and/or desquamation 

Cutaneous effects 

Days after dose 

Ib 2 
Dose 

C E N D E N 

ml 

0 1.0 1 0 0 4 0 

2 1.0 1 0 a 0 0 
3 1.0 2 0 0 1 0 
2 l.0 0 0 0 2 a 
a l.Oc 0 0 0 0 0 

0 LaC a 0 0 0 0 

0 0.1 0 0 0 0 0 
0 0.1 3 0 0 3 0 

0 0.1 0 0 0 0 0 

0 0.1 0 0 0 1 0 

0 O.lc 0 0 0 0 0 

0 O.l c 0 0 0 0 0 

0 0.025 1 0 0 4 0 
0 0.025 0 0 0 0 0 

0 0.025 a 0 0 0 0 

0 0.025 0 0 0 2 0 

0 0.025c 0 0 0 0 0 

0 0.02Sc 0 0 a 0 0 

:3 
D E N D .. 

0 2 1 0 
0 2 1 0 
0 1 1 0 
0 3 0 0 
0 a 0 0 

0 a 0 0 

0 2 0 0 

0 2 2 0 

0 0 0 0 
0 0 0 0 
0 0 0 0 

0 0 0 0 
0 2 0 0 
0 2 0 0 
a 2 0 0 
a '" 0 0 .:> 

0 0 0 0 
0 0 a 0 



Pose RabbIt 
Nu. I 

CII R 

ml 

020 I 2 1 
020 ! 2 0 
0.20 3 2 I 
0.20 " 2 1 
O.~O 5 :2 2 
0.20 6 2 1 
0.10 1 ::\ 1 
0.10 8 J <I 
0,10 IJ 2 2 
0.10 10 2 2 
0.10 II <.1 I 
0.10 l~ I 0 
O.OS 13 <I 0 
0.05 14 2 I 
0.05 IS 0 0 
005 16 2 1 
0.05 17 1 <I 
0,05 18 2 2 
0025 19 :! 1 
Oll25 10 <I 0 
0.025 2\ Deau' 
0.025 22 0 0 
0.O2~ 23 <1 0 
002S 24 <~ I 
0.010 15 0 0 
0010 26 0 0 
O'()IO 27 <'I 0 
0010 28 ....:~ f 
0.010 ~\I f 0 
0010 30 I <I 
ooor; 31 0 0 
0.005 3~ 0 () 

0005 .n a 0 
I),QOS J4 0 0 
o .!)O5 .1$ 0 0 
(J\i:)S Jb 0 0 

'l>ci1lh 110\ Jt\cllt·jndulcll. 

"'on·: (II" (,hCIIII\\i~ 
It" R~ll,w(, 
C Q ('il"~~t' 

C CII 

0 2 
1 2 
1 2 
() 2 
0 :! 
0 1 
I :! 
0 J 

(l :! 
0 2 
0 ;) 

0 I 

o <I 
0 2 
o <l 
I 2 
0<1 
I 2 
0 2 
0 0 

o <I 
o <I 
o <I 
o ";1 

a 0 
o <I 
o <I 
o <I 
0 0 
0 0 
o <I 
0 0 
0 0 
0 0 
0 0 

Table A-4. The Ocular I:.ffcclS 01 Federal Strc,mlOr Nu.1l!O (0,9';: CN) ('ontents Instilleu IIllfic RighI l:yc!> uf I{abbm 

Ocular crrC.I\ -- --lJilYS liner duse 

2 3 4 5 6 7 B 'I 10 II 12 

R C CII R C CII R C CII R C CII R C CII R C CH It C CII R C CH It (' CH R C eH R 

I 0 2 I 0 2 I 0 1 I I -' : 0 2 I 0 2 I 0 2 I 0 I I 0 I I 0 I I 
2 I 2 I I 2 0 1 2 0 I ) 0 1 3 0 1 3 I 0 3 1 Q 3 I 0 2 I 0 <I 0 
~ I 2 1 I :: I I J 1 I J 0 I .1 2 2 3 2 I 3 2 I 3 2 I 2 2 0 2 2 
~ 1 2 1 1 ;) 1 1 :I 1 1 2 1 1 ~ 1 1 2 1 0 ~ 2 0 I 0 0 1 0 0 :2 I 
~ I I I I I 1 I 1 2 1 .' ~ I ,1 ~ ~ .I :! I 2 :: I 2 2 I 2 :! I 2 2 
1 I I I I I () I .1 I 1 l 0 I .l .1 I J <: I .1 ;! I 2 2 <I 1 I () 1 I 
:2 ::\ 1 I I ~ ::\ I " ~ 1 .~ :: 1 J ~ I .1 ~ 1 :; 2 1 2 ? 0 2 2 U 2 2 
1 <I I I I I J J 2 I J : J () 2 I I) : I (J 2 I 0 I <I 0<1 <I 0 1 0 
1 <:! :! I I ~ I I 

~I 
, 

J 
. 2 1 .l .2 2 2 I I 2 1 11 :) I I <I 1 o <J 0 

2 1 2 1 1 I 1 I J I .1 I I 2 2 I 
, 

2 I 2 2 II I 1 <I 2 ! <I :: 2 
;! I 2 ~ I , 

~ 1 J I :. I ,{ 0 I :! J 1 ~ I .! I ~ .2 I 2 2 0 I 1 0 2 I 
I 0 1 I I) I 1 0 ~ <.1 <'1 . 1 I :! ~ 1 ~ ~ 1 2 1 I <I <I 0 1 1 0 2 I ~ 

0 0 o <I 0 0 I 0 .:! I 1 1 I 0 I 1 0 I I 0 1 I 0 I 1 0 1 I 0 2 I 
1 o <I <I 0 I a 0 3 I 0 :: I 0 1 1 0 I I a I I I I 2 0 I I 0 1 I 
0 o <1 <I 0 0 1 a I 0 0 I I 0 l t 0 I I 0 I 1 0 a <1 0 a <I a 0 0 
1<2 ~ I 1 1 I 1 2 0 I :! 0 I I 2 I 2 2 I I I 0 2 <I a <I <I 0 I 1 

<1 0 2 1 0 0 1 0 1 I 0 1 1 a 1 1 0 0 I 0 0<1 0 o <I 0 0<1 0 o <I 
::! I I I 0 1 I 0 :: I 0 , 2 0 2 2 0<1 <I 0<1 <I o <I <I o <I <I a <I <1 
t <I <I I <I I o <1 2 1 I I 0 0 1 2 0<1 <I 0<1 <I 0 0<1 0 0<1 o <I <I 
1 0 0 I 0 0 I 0 I 0 0 1 1 0 l l o <I <I o <I <I 0 o <I 0 a <l a a 0 

0<11 <I 0 0 0 1 o <1 0 0 <I 0 0 <1 0 0 <I 1 a <1 0 0 0<1 u o <1 0 0 0 
0 0 o <I ti III 1 () Il~ 0 () 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
I 0 o <;1 0 0 I o II u 0 <I 0 0 () 0 0 0 0 0 0 0 0 01 0 

~ I 0 0 0 0 0 
<I 0<1 <I 0 0<1 0<1. a 0 () a 0 0 (l () I) a a 0 0 u 0\ 0 0 

~I 
0 0 0 

0 0 0 0 IJ (I 0 0 ol 0 (l (1 0 () \) 0 II (l n 0 I) 0 0 

II 
0 1I 0 U 0 0 

~I () o <I n 0 0 () i 0 1 0· II Il II () I tl I () I) 0 n () !l {) 0 0 oj u U' U (J 0 
<\ {) <I I 0 II t U I I III u () II l () I u 0 (J (l n 0 u 0 () 0 0 0 0 0 0 0 

0 0 0 I U (J <I U I u 0 u o 0 () 0 U II 0 0 0 0 0 0 0 0 0 0 0 0 
I () 0 I 0 0<1 o "::1 () 0 () () () 0 0 () 0 {l 0 0 0 0 0 0 0 0 () a 0 0 
0 0 (I 0 0 0 (I 0 0 0 0 0 a () 0 0 0 0 0 0 .) 0 0 0 0 0 0 0 0 0 0 

<I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 
0 0 0 () () 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 (J 0 0 0 0 0 0 0 a 0 
0 0 0 0 0 0 0 0 () 0 () 0 0 0 0 0 0 0 0 0 I) 0 0 0 0 () 0 0 0 0 0 
a u 0 0 0 0 0 0 \l 0 (J 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 
() 0 0 0 0 0 0 U II 0 () 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Recovery 
13 14 dny 

~ 

c ell R c ell R C 

0 I 1 o <I 1 0 21 
0 3 0 0 <I 1 0 21 
0 2 2 0 2 I 0 21 
0 2 I 0 1 I 0 18 
0 2 2 0 1 2 0 19 
0 1 I 0 I <I 0 19 
0 ! 2 0<1 I 0 19 
0 I 0 o <I I 0 19 
o <1 0 0<1 <1 0 17 
0 2 2 0 I 2 0 19 
0 2 1 0 I 1 0 19 
0 ~ 1 0 1 <I 0 19 
0 2 I o <I I 0 17 
a I I 0<1 1 0 17 
0 0 0 a <I <I 0 IS 
0 I 1 0<1 <I 0 17 
0 0 0 0 o <1 0 IS 
a <I <I 0 0<1 a IS 
o <I <I a 0 0 0 I) 
0 0 0 0 0 0 0 12 

0 0 0 0 0 0 0 12 
0 0 0 a 0 0 0 5 
0 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 6 
0 a a 0 0 0 0 -
0 0 0 0 0 0 0 4 
0 0 0 0 0 0 0 6 
0 0 0 0 0 0 0 6 
0 0 0 Q 0 0 0 6 
0 a 0 0 0 0 0 -
0 0 0 0 0 0 0 3 
0 0 0 0 0 0 0 -
0 0 0 0 0 0 0 -
0 0 0 a a a 0 -
0 0 0 0 0 0 0 -



w 
o 

Rabbi! 
Oo~ 

No. I :: 
E N D f! N D 

11\\ 

1.0 1 0 0 0 3 o '0 
1.0 t I 0 0 2 0 0 
1.0 3 I 0 0 I 0 0 
l.0 4 :: 0 0 J 0 0 
l.a S :I. a 0 3 0 0 
1.0 6 J 2 0 :\ ;0 0 
a.s 1 :! 0 0 I 0 0 
O.S 8 ;! 0 0 z 0 0 
OS 9 I 0 0 2 I () 

0.5 (0 0 (} 0 ;. I 0 
0.5 II u 0 0 3 0 0 
O.S 12 0 0 0 2 0 0 
0.2S 13 I 0 0 :! 0 0 
0.25 14 J 0 0 3 0 0 
0.25 IS Q 0 0 2. 0 0 
(l.:!5 16 I 0 0 2 0 0 
0.25 \7 I Q 0 I 0 0 
0.25 18 I 0 0 1 0 0 
0.10 19 1 0 0 I 0 0 
0.10 20 0 0 0 I 0 0 
0,10 21 Dead" 
0.10 22 0 0 0 :! 0 0 
0.10 23 0 0 0 1 0 0 
0.10 24 I 0 0 I 0 0 
0.05 2S 1 0 (\ 2 0 0 
0.05 ~6 l () 0 I 0 0 
0.05 :!7 .2 () (} t 0 (} 

0.05 28 t 0 0 J o .0 
0.05 29 0 0 0 I 0 0 
0.05 .10 0 0 0 I 0 0 
O.O~5 31 0 0 0 I 0 0 
0.02$ 32 I 0 () I 0 0 
oms 3.1 I (l 0 I 0 0 
O.O~$ J~ I 0 0 ;: 0 0 
oms 3~ J 0 0 2 0 0 
oo~!' Jv 0 0 0 I 0 0 

-"Death not a~'l1t1H,~ducctl . 

.. Erythema Stili \lt~set\( 11t\ ,lOth ob~tv.tliurl du~. 

!'.OTE, u" Erythema 
N '" !\¢crosh 
D '" l)chytlrJl!110 (Ind'l)l d~"I\IJm:\Il\l1l 

J 

11 tV 

2 0 
2 0 
I 0 
I 0 

2 0 
'3 2 
2 0 
2 0 
2 () 

:: Q 
1 0 
2 0 
1 0 
3 0 
I 0 
I 0 
I 0 
3 0 
3 0 
I 0 

~ 0 
2 0 
1 (l 

2 0 
I 0 
I () 

2 0 
~ 0 
I 0 

I 0 
2 0 
I 0 
1 Q 

I 0 
.:l :) 

4 S 6 -1) !l N [) U N D Ii N D l~ 

q 2. 0 0 2 0 0 3 t I 3 
0 .1 0 0 2 0 0 2 2 0 3 
0 I 2 0 2 ~ 0 3 ). 0 3 
0 3 I 0 3 I 0 :I 3 () J 
a 3 I 0 t I 0 ~ .! 0 ·2 
0 3 :! 0 :: 2 0 2 .! 0 ;\ 

0 1 0 0 j l) 9 ~ () :! ~ 

0 1 0 0 2 0 0 2 0 tl ~ 
0 2 0 0 :! 0 a 2- \l () :1 
0 .! 0 0 I I {l 0 ~ u () :: 
0 1 0 0 2 0 f) 2 () 0 I 
0 :: 0 0 ) t) 0 :! 0 II :: 
0 :: 0 0 ~ 0 0 :: 0 0 I 
0 :: 0 0 :! 0 0 .2 0 0 I 
0 I 0 0 I 0 '0 I 0 0 I 
0 1 0 0 I 0 0 2 0 0 1 
0 ) Q 0 I 0 (} :! 0 0 .2 
0 3 0 0 J 0 0 '2 0 0 ~ 

0 3 0 0 2 0 0 :l 0 0 3 
0 z 0 0 2 () 0 :! 0 0 ~ 

0 .2 0 0 :: 0 0 2 0 0 1 
0 2 0 0 2 0 0 2 0 0 :! 
0 3 0 0 2 n 0 3 0 0 ~ 

0 3 0 0 2 I) 0 j 0 0 ~ 

0 3 0 0 ~ {) (l 3 0 \) ;1 
0 .2 () 0 I () 0 I (} 0 I 
0 4 0 0 .2 0 0 ,~ 0 0 .2 
0 4 0 0 .3 0 () 4 0 0 .:: 
0 4 0 0 4 0 0 4 0 0 I 
0 1 0 0 I 0 0 ~ 0 0 1 
() 1- 0 () J 0 0 2 () 0 .> 
0 I 0 0 I 0 0 I 0 0 I 
0 4 Q 0 .2 0 0 4 0 0 4 
0 ) (J 0 :! 0 0 ;! 0 0 I 
0 2 0 0 3 0 0 J 0 0 3 

'---~' 

, 

Days ~ftN dos~ - Recovery 
7 l! IJ 10 _I- 1 _t' 13 1& -,. <lay 
N D !l N D E N D Ii N I) E l\ \) J.... L 11 r: N D Ii N I) . . 
:1 0 4 2 (). 4 ;: 0 ~ :! 0 I ;: 0 0 ;\ 0 0 :) 0 I ~ 0 -, 
0 () 3 0 0 j n 0 2 0 0 I 0 0 I 0 0 I 0 0 3 ::\ 0 23 
I (J ;! ~ 0 J ~ U 3 0 0 J 0 0 0 2 0 0 2 0 0 :I. 0 27 
I () -I 2 0 .~ ,l II ~ ~ 0 ;) ;! 0 3 3 0 3 3 {) 3 :I. 0 ... 
2 Il ; :! n -I ;: 0 -I ~' 0 I 

, 
0 0 3 Q 0 3 0 2 :I. () ... 

~ 

;: 0 J ;: 0 4 1 0 ~ 
, 

0 .3 .. l () I: J 0 0 3 0 0 2 0 •• 
0 ;: I ~ : ~ ~ 2 () 0 2 .! 0 2- ; a :: 2. 0 :: 0 z 0 20 
0 0 ~ 0 () ~ 0 0 :: n 2 ~ J () I 2. () I ~ 0 Q 2 0 :l3 
() \l -I 0 () 4 :: I , 2 0 2 :: I) :: , 

0 2 2 0 0 ~ 0 :n ~ 

0 (I :! 0 0 -1 () :: :! 2. 0 1 0 0 I ;! \} I :2 0 I 2 0 27 
(J n I 0 II 4 0 II :: I 0 I u 0 n I (1 0 I 0 0 I 0 24 
() (l I 0 0 ~ I (J I 0 0 0 0 0 \) () 0 0 0 0 0 0 0 25 

0 0 " I ~ 2 1 t ~ " 2 (\ I 2 0 0 ~ 0 0 :: 0 :2 :: Q •• 
0 0 I I 0 I I U 4 0 0 0 I Q 0 I 0 0 I (} L :l Q " 
0 0 I I 0 I 1 Q 1 0 0 0 0 0 0 0 0 0 () 0 1 2 0 2S 
0 () 1 0 Q I Q 0 1 0 0 1 0 0 0 I 0 0 I 0 0 2 0 16 
0 0 ::! () I 2 0 ! I 0 0 0 0 0 0 0 () 0 0 0 0 0 0 11 

0 0 I 0 1 1 0 I I 0 0 0 I 0 0 I 0 0 1 0 0 2 0 :!o 
0 0 :l 0 0 l 0 0 ! .2 0 I ~ 0 0 2 0 0 2 0 0 2: 0 17 
0 0 I I 0 I I 0 0 :: 0 I 2. () 0 2 0 0 2 0 0 :! 0 19 

~ 

0 (l I 0 0 I 0 () I 0 0 () 0 0 0 0 () 0 0 0 0 0 0 II 
0 0 I () \) I 1 0 I 0 ~ 0 I \l () I 0 0 I 0 I 2 0 19 
0 fl 1 I 0 I I 0 I 0 () 0 I 0 0 I 0 0 I 0 ~ .2 0 19 
U \J 4 {l 0 I I U n 2 0 I (I 0 I 0 0 I 0 0 0 2 Q 19 
0 0 ~ () 0 2 () U .i :l n 1 :! () II :! 0 0 ~ {) 0 2 0 19 

U () I 0 (l I 0 0 () 0 0 0 II 0 () (} 0 0 0 0 !) ;: 0 17 
() n .j () () I n J 1 0 () I 0 () u I 0 (} I 0 Il ;: 0 19 
0 0 .) 0 II ~ ;: I I ~ U 0 ~ 0 0 2 () 0 Z u (I :: 0 16 
0 1I .J 0 0 .\ 0 () 4 ;: 0 0 1 0 (I ~ 0 0 ~ 0 0 2 0 19 

0 0 1 () 0 I 0 () I 0 0 (I tl 0 V 'ill)' -
0 0 I (} 0 I 0 0 I 0 0 () I 0 0 I 0 () 1 0 0 ;) 0 16 
0 0 1 0 0 I 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 

0 0 <I 0 0 .) 0 0 :! 0 0 0 I 0 () I 0 0 1 0 0 :! 0 19 
0 0 I 0 0 I 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 Q 0 II 
0 0 2- 0 0 ;! 0 0 I I 0 I 1 II 10 I 0 0 1 0 0 ;) 0 19 

-------------------------~ 



w -

Tuble A.(!. 1110 Ocular effects uf the COlltcnl~ oi Federal Streamer No.;!SO (0.1)1) (''I) \llItillcu in the Right by~, "I' ~1!llIkcy, 

Dose Munkey 
No. I ::1 

('II R C CII R C Cll 

ml . 
0.10 25' 3 0 0 3 0 .2 :! 
0.l0 26' 3 0 0 3 0 I I 
0.10 27' 4 0 0 4 0 1 3 
0.10 28· <2 0 0 I 0 .2 I 
0.10 29 .! 0 0 ~ 0 :) 4 
0.10 30 2 0 0 J 0 .2 ~ 

0.10 31 2 0 0 I 0 .2 I 
0.10 32 :.\ 0 0 I 0 ~ "~1 
oms 33' I 0 0 I 0 o <~I 
oms 34' 2 0 0 .'! 0 J ~ 

0.025 35- <I u 0 1 () t I 
0,Ol5 36' <.\ 0 0 I 0 0 I 
O,02S 31 I 0 [) I 0 1 I 
oms 38 , 0 o <I 0 0 I 
0.02$ 39 I 0 o <I 0 0 I 
0.02$ 40 <I 0 o <I 0 0 I 
0.00$ 4'- 0 0 0 (} 0 0 0 
O.OOS 42~ 0<1 0 0 0 0 0 
0.00$ 43" 0 0 0 0 0 0 0 
0.00$ 44' 0 0 0 0 0 0 0 
0.005 4S 0<1 /.) 0 0 0 0 
0.005 46 (} I (} 0 (l (} () 

0.005 4'1 0 0 0 0 0 0 0 
OOOS. 48 0 0 0 0 0 0 0 
0.10 49" 0 0 0 0 0 0 0 
010 so- 0 0 0 0 0 0 0 
0.10 ~l 0 0 0 0 0 0 0 
0.10 ~ S~ 0 0 0 0 0 0 0 
0.025 g 57- 0 0 0 0 0 () 0 
oms a 5&' (} I) 0 0 () 0 0 
1).025 -g ~9 (} 0 0 (} 0 0 0 
0.02S~ 60 0 0 0 0 0 0 0 

0.

0051 65' 0 0 0 0 0 0 0 
MOS 66' 0 0 0 0 0 0 0 
0.005 67 0 () 0 0 (} 0 0 
t).OO~ oS 0 0 0 0 0 t) 0 

'nlcst allinla/t were subllllllcd fur nCctol1sy ~t 311uys. 

:-;OTI; ell" (,hClllU!l~ 
R 'It R~dnm 

<' " {'\)f1\~11 

j 4 

R C Cll It (' CII 

0 I 
0 I 
0 ~ 
0 j 

0 .J .1 () I j 

0 ;) 1 0 .z 3 
{} I ., 0 ;; ~ 

0 I 2 0 1 :! 
0 (I 

0 I 
0 I 
0 0 
() 1 I [) I 1 
0 I I 0 .2 I 
0 I I 0 I 0 
0 ! I 0 I 0 
0 0 
0 0 
0 0 
0 0 
0 0 0 0 0 0 
0 0 (} 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 () 0 0 
0 0 0 (l 

0 0 0 0 I) II 
0 0 0 0 u 0 
() 0 0 () 

0 0 0 0 
0 (} 0 0 {) 0 
0 0 0 0 0 0 
0 0 
0 0 
() 0 0 0 0 0 
0 0 0 0 0 0 

Ocular effect!\ 

Days after uose --
S 6 1 II !) 10 Il 12 

R C ('II R C' ell It (' ell R c ('II R C CIt R c; CII R (' CII H-

.2 1 ,~ 1 1 .1 I 1 2 0 J .2 0<'1 2 0<1 I 0 0 I 0 

.! .! .2 .! l 2 .! I .1 1 I ;; 1 <I .! I <I I 0 0 1 0 
2 .2 2 ~ I ~ 1 I ~ I 1 :1 {} I 2 0 I 1 {} 0 J 0 
0 I .2 I I ~ I I I () <1 <I o <1 <I o <1 0 0 0 0 0 

0 1 () 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 () 0 () 0 0 0 0 0 0 0 0 0 0 0 0 0 0 (} (} 0 0 
0 0 0 () 0 0 0 0 0 0 () 0 0 () 0 0 0 0 0 0 0 0 
0 () () () 0 () () () 0 0 () 0 0 0 0 0 0 0 0 0 0 0 
0 0 () 0 0 () 0 0 n 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 (l () 0 0 U 0 () 0 0 {) 0 0 0 0 0 () 0 0 0 0 
() o II .J 0 0 0 () 0 0 () (J 0 0 () 0 [) 0 0 () () 0 

0 (} 0 (} (} 0 0 0 0 0 0 0 0 (} (} 0 0 (} (} 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 () 0 0 (} (} 0 0 0 0 0 0 0 Q 0 0 

0 0 0 0 0 0 0 0 0 0 () 0 0 0 0 0 0 0 0 0 0 0 

Rccovety 
13 14 duy 

e CII R C ell R C 

0 1 0 0 I 0 0 16 
0 [ 0 0 1 0 0 [6 
0 I 0 0 I 0 () 16 
0 0 0 0 1 0 0 11 

0 0 0 0 0 0 0 6 
0 0 0 0 0 0 0 6 
0 0 0 0 0 0 0 6 
0 Q 0 0 0 0 0 6 

0 0 0 0 0 0 0 2 

0 0 0 0 0 0 0 -
0 0 0 0 0 () 0 -
0 0 0 0 0 0 0 -
0 0 0 () 0 0 0 ... 

0 0 0 0 0 () 0 -
() 0 0 0 0 0 () -
0 0 (} 0 0 0 0 -
0 0 0 0 0 0 0 -
0 0 0 0 0 0 0 -
0 0 0 0 0 0 0 -



W 
N 

Rabbit Dose 
No. I :! 3 

E N () E N 0 r: N 

OIl 

1.0 :lS' 0 0 0 0 0 0 I 0 
1.0 26" 0 0 0 0 0 0 " 0 
1.0 27' 0 0 0 0 0 0 ~ 0 
1.0 :!8· 0 0 0 0 0 0 I 0 
1.0 29 0 0 0 0 0 0 I 0 
1.0 30 I 0 0 0 0 0 4 0 
1.0 31 0 0 0 0 0 0 :1 0 
[,0 3~ 0 0 0 0 0 () :\ () 

0.10 33' 0 0 0 0 () 0 0 () 

0.10 34· 0 0 0 0 0 0 0 0 
0.10 35· 0 0 0 0 \l 0 0 0 
0.10 36' 0 0 0 0 0 0 I 0 
0.10 37 0 0 0 0 () 0 0 0 
0.10 .:\8 a 0 0 0 0 a 0 0 
0.10 39 0 0 0 0 0 0 a 0 
0.10 40 0 0 0 0 0 0 0 0 
oms 41' 0 0 0 0 0 0 0 0 
0,025 42" 0 0 0 0 0 0 0 0 
0.025 43' 0 0 0 0 0 0 0 0 
0.025 44' 0 0 0 0 0 0 0 0 
0.025 45 0 0 0 0 0 0 0 0 
oms 46 0 0 co 0 0 0 0 0 
oms 47 0 0 0 0 0 0 () 0 
0.025 48 0 0 a 0 0 () 0 0 
1.0 I 49" a 0 a () 0 0 0 0 
1.0 SO' a a 0 0 0 () 0 0 
1.0 51 0 0 0 a 0 0 () 0 
1.0 .. 52 0 0 0 0 0 0 0 0 
0,10 g 57" a 0 a 0 0 a 0 o . 
0.10 " ss· 0 0 0 0 0 0 0 0 

0.10 
u 

59 0 0 0 0 0 ~ \', " " 0.10 .5 60 0 0 0 0 0 I I 0: <l 
';:; 

0.0>' I 65' 0 0 0 0 0 0 0 0 
oms 66" 0 0 0 0 0 0 0 0 
0.025 67 0 0 0 0 0 0 0 0 
0.025 68 0 0 0 0 0 0 0 0 

" hcse unJmuls were submitted rur nee rOllS)' 1I13 du~'s. 

l'OTli: E '" lirythcllIJ 

N " NccfIlsis 
[) " D~hytl!all'lllllndlt\f tlesquamatloll 

4 5 

D B N 1) E N 1) l: 

0 
0 
0 
() 

0 I 0 0 I 0 0 I 
0 I 0 () I 0 0 I 
0 2 0 0 :'! () 0 4 
0 ~ U U 1 U 0 2 
() 

0 
0 
0 
0 0 0 0 J 0 0 U 
0 0 a 0 0 0 0 0 
0 0 0 0 () 0 0 0 
0 () 0 0 0 0 a 0 
0 
0 
0 
0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 a 0 () 0 0 
0 0 0 0 0 0 0 0 
0 
0 
0 0 0 0 () G () 0 
0 0 0 0 0 0 0 () 

0 
0 
0 0 0 0 0 0 0 0 
0 0 a 0 0 0 0 0 
0 
0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 

D.IY~ nn~r du~c 
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Table A-9. The Ocular Effects in Rabbits of the Federal Streamer No. 2HO POrlllull\tion 
Sprayed at the left Eye for 1 or 5 Seconds at a Distance of 3 Feet 

Conditions 
Rabbit 

No. 
Spray time Distance 

CH 

sec ft 

1 3 261 3 

1 3 262 4 

1 3 263 4 

1 3 264 4 

1 3 255c 0 

1 3 256c 0 

5 3 257 4 

5 3 258 4 

5' 3 259 4 

5 3 260 4 

5 3 277c 0 

5 3 278c 0 

aObservation da,Ys post dosage. 

,b All animals sacrificed and submitted for necropsy in 3 days. 

Clsotonic saline control. 

NOTE: CH = Chemosis 

R = Redness 

C = Cornea 
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1a 

R 

2 

2 

2 

2 

0 

0 

2 

2 

2 

2 

0 

0 

Ocular coffects ,. 

Days after dose 

2 

C CH R C CH 

0 2 2 0 2 

0 4 2 0 3 

0 4 2 0 4 

0 3 2 0 2 

0 0 0 0 0 

0 0 0 0 0 

<1 4 2 1 3 

1 4 ~ 1 4 .., 

2 4 2 1 3 

1 4 "1 1 3 

0 0 0 0 0 

0 0 (' 0 0 

-

3b 

R C 

2 0 

2 0 

2 0 

2 0 

0 0 

0 0 

2 1 

2 1 

2 0 

2 0 

0 0 

0 0 



Table 1\-10. The ('UI,II1COUS 1',lfcclS or the ('on tents or Ih,' Fctier,ll,strcalllcr Nu ~XO (O.IN C>:) 
Applicd \11 24·llllUf I'ulch Tests til the Sk~., of Rabbits 

Rabbit 
Oose I 2 No. J 

E N 0 E N D E N 

1111 

1.0 185 I 0 0 2 I 0 1 1 

1.0 186 I 0 0 2 0 0 :2 0 

1.0 187 I a 0 I 2 0 I I 
1.0 188 1 a 0 2 I 0 I I 

1.0 20S:\ a 0 0 () 0 0 a 0 
1.0 206a 0 0 0 0 0 0 0 0 

Ut 227 I a a I 0 0 3 0 

1.0 228 1 0 0 1 0 0 2 2 
1.0 229 :2 a 0 1 0 0 2 0 

1.0 230 I 0 a :2 0 0 2 a 
1.0 23J U a a a 0 0 a a 0 

1.0 232u 0 a a a a a a 0 

0.1 189 2 a a 2 2 a I 1 

0.1 190 I a 0 I a a I a 
0.1 191 \ a a 1 0 a 2 a 
0.1 192 I a a I 0 a I a 
0.1 2070 0 0 0 0 0 0 0 0 
0.1 2083 a 0 a a a 0 a a 
0.1 233 I a 0 I a 0 2 0 
0.1 234 1 0 0 I 0 a :2 a 
0.1 235 I 0 0 I a a :2 0 

0.1 236 I a a 1 a a :2 0 

0.1 237a 0 a a a 0 0 a 0 

0.\ 238a a 0 0 0 0 0 0 a 

a Isotonic saline control. 

b Rnbbils sacriliccd and submitted for necropsy 3 days postexposurc. 

cScar tissue apparcnt al30 days; no hair growth. 

NOTE: Ii" Erythcma 

N .. Necrosis 

o :> Oehyurulion and/or dC$quall13lion 

D 

0 

0 

a 
a 
0 

0 
ob 
Ob 
Ob 
ob 
Ob 
Ob 

0 
a 
0 

a 
a 
0 
Ob 
ob 
Ob 
Oil 
Ob 
ob 

Days n ftcl dose 

4 5 6 7 8 

E N D Ll N D E K D Ii N D E N D 

I I 0 3 1 0 0 2 0 0 2 0 0 2 0 

2 0 0 3 2 0 I I 0 I 1 0 I I 0 
2 I 0 J I 0 2 :! 0 2 2 0 :2 :2 0 

2 2 0 J I 0 1 :2 0 2 2 0 ;: ~ 0 

0 0 0 0 0 () 0 0 0 0 0 0 0 0 0 

0 a 0 a 0 0 () 0 0 () 0 0 0 0 a 

2 :2 a 2 2 a 3 I a I 1 0 .1 I a 
:2 2 0 2 I a 3 I 0 I I 0 1 I a 
2 a a \ a a J a a I a a I 0 a 
:2 a a 2 a 0 :2 a a I a 0 I 0 0 

0 0 a a a a a a a a a a a a 0 

a 0 0 a 0 a a a a a 0 a 0 0 0 

I 

I) 10 
Recovery 

day 
Ll N D E N D 

0 2 0 0 2 0 c 

I I 0 I I 0 22 
I I 0 I 1 0 c 

1 I 0 I 1 0 c 

0 0 0 0 0 0 

0 a 0 a 0 a 1 

1 I a I 1 0 23 

1 I 0 1 I a c 

a a a a I a c 
0 0 0 0 I 0 c 

a a a a a a 
a 0 0 a a a 



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

Subject Formulation Dose Test a{ea Response 

ml 

OV Federal Streamer 0.01 Bare Slight erythema at 30 minu les. No 
erythema at 6 hours. 

G1 Federal Streamer 0.01 Bare Slight erythema at 30 minutes. No 
erythema tit 2 hours, 

WI Federal Streamer 0.025 Bare No signs or symptoms 

SE Federal Streamer 0.025 Bare No signs or symptoms 

BR Federal Streamer 0.01 Sateen No signs or symptoms 

VE Federal StrelUner om 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 TO F) 0.01 Bare None 

WB CS (1% in TOP) 0.01 Bare None 

au CS (1% in TOF) 0,025 Bare None 

EL CS (1 % in TO F) 0.025 Bare None 

TR CS (1 % in TOP) 0.01 Sateen Slight stinging sensation for first 
30 minutes 

HA CS (1 % in TOF) O.OJ Sateen None 

STUM CS (I % in TOF) 0.025 Sateen None 

STUT CS (l % in TOF) 0.025 Sateen None 

Appendix 36 



Table A-12. Canine Testing Protocol for Federal Streamer No. 280, CS/TOF, CS/Propylenc Glycol, 
TOF, and Propylene Glycol Solutions 

Method and route No. of animals 
No. of animals necropsied 

Test solution 
of administration 

Dose 

ml 

Federal Streamer No. 280 Trachael irttubation 0.50 
0.25 
0.10 

CS/TOF 1% solution Trachael intubation 0.50 
0.25 
0.10 

Federal Streamer No. 280 Intratrachael injection 0.50 

CS/TOF 1% solution Intratrachael injection 0.50 

CS/propylene glycol Trachael intubation 0.50 

TOF Trachael intubation 0.50 

Federal Streamer No. 280 Device sprayed into I-second spray 
mouth 

aSaline controls - same volumes as for test solution. 

bpropylene glycol controls - same volume as for test solution. 

cTOF controls. 

(1 mI) 

Experimell tal 

8 
8 
8 

8 
8 
8 

8 

8 

8 

8 

8 

Experimental day Control day 

Controla 3 7 30 3 7 

4 4 4 2 
4 4 4 2 
4 4 4 2 

4 4 4 2 
4 4 4 2 
4 4 4 2 

4' 4 4 2 

4 4 4 2 

2b 4' 4 2 

4° 4 

4 4 4 2 

30 

2 
2 
2 

2 

2 
2 

2 

2 

2 



Dose 

rol 

0,5 

0.5 

0.25 

0.25 

0.1 

0.1 

O.S 

O.S 

0.5 

table A-13, Comparj~on of Rectal Temperatures of Dogs Dosed with Federn! Streamer No. 280 
or CS/TOF SO\utiOtlS 

Test solution 
Rectal temperature 

Preexposure 72 Hours postexposure 

of 

Federal Strearl'ler 102.2 102.8 

CS ill TOF 102.3 102.5 

Federnl Streamer 101.4 102.7 

CS 111 TOF 102.0 102.6 

Federal Stre:uncr lOL6 102.7 

CS in TOF 102.2 102.1 

TOF Not takon 101.6 

CS/Propylene glycol NOllaken 102.3 

Propylene glycol Not taken 101.7 

Grouped control mean 102.3 102.5 

NOTE: Temperatures were not recorded at the 96-hour examination of animals exposed by injection and by spraying in the mouth as the 
dimatc WIIS hot and humid, and aU temperatures were running between 1030 und 10SoF. 



Table A-14. Average Blood Chemistry Values in Dogs Dosed by Traclmellntllbation. IntratmchtlclltljccticHI, 
or Oral Spray with Federal Streumer No. 280 or CSjTOF Sol\! lions 

Test solu tion Method Dose Number 
Sample RBe WBC tt1sted 

ml X \06 X 103 

Fedcrnl Strcmncr No. 280 Trnchacllntubalion 0.50 8 PrccxposUl'C 7.7 15.6 
72-Hr poslcxposurc 7.4 15.8 

0.25 8 Prccxposurc 7.3 \6.0 
n~H( PO$tcxposurc 6.9 \5.Q 

0.10 8 PrecxpoSUTC G,9 10.4 
n-Hr poslcxposurc 7.4 13.4 

Grouped conlrol 12 Pr¢cxposurc 7\8 13.9 
72-1·Ir poslcxposurc 6.8 l3.0 

CS/TOr 1% solUtion Trnchacl intubation 0.50 8 Prccxposure 7.1 13.5 
72-Hr poslexpoSure 8.0 .16.5 

0.25 8 Prcexposu fC 6.7 9.8 
72-Hr poslexposurc 7.5 14.0 

0.10 8 Preexposuce 7.6 ISS> 
72·Ur POSlcxposure 8.0 14.6 

Grouped control 12 Preexposurc 7,4 13.<] 
72~Hr posl.cxposure 7.4 12.4 

Pcdcral Streamer No. 280 IntratruchllCl injection 0.50 8 Pr~¢xp(>surc 6.9 14.0 
96-Hr postcxposure 7.1 15.4 

CS/TOF l%soiulioll lntralruchacl injection 0.50 8 l'reexposurc 6.8 16.4 
9(Hlr postexposure 7.3 IS.S 

Fedcral Strc\1mcr No. 280 Oral spray I-Second spray 8 Preexposuro 6.8 15.9 
(1 mt) 96·Hr postcxposurc 6.5 14.6 

Grouped control 12 Prcexposurc 7.0 13.8 
96·Hr postcxposure 7.1 12.8 

PCV BUN 

% S~F units 

48.9 14.1 
47.3 13.6 

46.3 16.4 
46.3 15.8 
SOA 15.6 
47.3 13.5 

48.0 \5.7 
47.S 16.2 

50.3 16.4 
51.3 16.8 

47.4 17.4 
48.0 15.5 

51.8 16.3 
S 1.2 16.0 
48.8 16.9 
47.5 17.1 

40.0 16.0 
47.0 16.0 

46.0 18.0 
48.0 IS.O 

41.0 20.0 
45.0 20.0 
47.0 16,0 
46.0 14.0 
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Table A-16. Lesions FOllnd In Dogs Necropsied 3 Days Aftcr Intratracheal 
Exposure (Intubation) to Federal Streamcr No. 280 

Dose Trachea Lungs -_. 
tnl 

0.1 No significant losions No significant lesions 

0,25 Hyperemia, ecchymosis (2/4) Congestion (3/4) 
Focal tracheitis (1/4) 

0.5 S()V~re tracheitis (3/4) PI\ctllllonia (2/4) 
[t1brinoid membrane (2/3)] Congestions (2/4) . 

---"'Numbers in parenUleses arc fructions showing signs. 

Table A-17. The Ocular Effects of CS (0.1 % and .I.0$~ in PEG 200) itt Rnbblts 

Solution 1'" 3 
strength Dose 

CH R C CH R C 

%ofCS ml 

0.1 0.05 4 0 0 0 0 0 
0.1 0,05 4 0 0 0 0 0 
0.1 0,50 4 0 0 0 0 0 
0.1 0.50 0 0 0 0 0 0 
1.0 0.05 4 0 0 0 0 0 
1.0 0.05 4 0 0 0 0 0 
1.0 0.50 4 0 0 0 2 1 
1,0 0.50 4 0 0 0 2 1 

Controls 0.05 0 0 0 0 0 0 
Polyethylene 0.05 0 0 0 0 0 0 
glycol 0.50 0 0 0 0 0 0 
(200) 0.50 0 0 0 0 0 0 

"'Observation days post dosage, 

NOTES: Sec tables A-I and A-2 for grading systems, 

CH = ChemOsis 

R = Redness 

C = Cornea 
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4 6 LO 

CH R C CH R C CH R 
", 

0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 1 0 0 1 0 0 
1 0 1 0 0 I 0 0 

0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 

21 

C ell R C 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

. 
0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 
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1 Washington, DC 20310 
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Headquarters, Sixth US Army 
NnC Office 

Attn: AFKC.QI~l'N 
Presidio of San Francisco, CA 94129 

US Army Standardization Group, Cimada 
National Defense Headquarters 
Ottnwa, Ontario, Canada KIA.QK2 

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 Detter 

WASH DC 20314, 

US ARMY HEALTH SERVICE COMMAND 

Commander 
US Army Institute of Surgical Research 
Brooke KHliy Medical Center 
Fort Snm Houston, TX 78234 

S u perin tenden t 
Academy of Healt!; Sciences 
US Army 

Attn: HSA-CDC 
Attn: HSA-RUE 

Fort Sum 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 

Commander 
US Army Foreign Science & 

Technology Center 
Attn: AMXST-ISl 

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 

Commander 
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 

Commander 
US Army Armament Command 

Attn: AMSAR·ASH 
Attn: AMSAR·RDT 

Rock Island, IL 61201 

Commander 
Rocky Mountain Arsenal 

Attn: SARRM·EA 
Attn: SARRM·MD 

Denver, 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 

DISTRIBUTION LIST NO. 10 (Contd) 

Copies 

1 

2 

1 
1 

Nnmes 

US ARMY TRAINING & DOCrRINE COMMAND 

Commandant 
US ArmY Infantry School 
Brigade & Battalion Operations Department 
Combat Support Group 

Attn: NBC Committee 
Fort Denning. GA 31905 

Commandnnt 
US Army Missile & Munitions 

Center & School 
Attn: ATSK-CTD·FM 
Attn: ATSK·TEB·E 

Redstone Arsenal, AL 35809 

Commander 
US Army Armor School 

< Attn: ATsn-CD·MS 
Fort Knox, KY 40121 

Commander 
US Army Institute for 

Military Assistance 
Attn: ATSU-CTD-MO 

Fort Bragg, NC 28307 

Deputy Commandant for Combat & 
Training Developments 

US Army Military Police School 
Fort McClcIlun, AL 36201 

Director 
Department of Army-Wide 

Training Support 
US Army Militnry Police School 
Fort McClellan, AL 36201 

Commander 
US Arm)' Infantry School 

Attn: ATSH-GD·MS·C 
Fort Denning, GA 31905 

Commandant 
US Army Ordnance Center & School 

Attn: ATSL-CTD-MS-C 
APG·Abctdcen Arell 

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-Aberdecn Area 
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COrillna nder 
US A rmy Test & EValuation Command 

Attn: AMS'tE.NB 
ArlQ·Abcrdecn Area 

Commander 
US Army Arctic Test Cenier 

Attn: STBAC.MT.EB 
APO Seuttle 98733 

Commander 
US Army Tropic Test Center 

Attn: ST'~TC.MO·A (Tech Library) 
AlIO New York 09827 

Commander 
lJullWII)' PrOVing Grollnd 

Attn: STEDI'.PC 
Dugwuy. UT 84022 

DHPARTMENT OF THE NAVY 

Commander 
NllvnllntelllgllnCll Support Center 
4301 SliltInnd Road 
Washlllglon, DC 20390 

C'Onlmnndllr 
Nnv!11 Surfnce Weapons Center 
DlIhlgrcn Lnboratory 

Attn! GFC 
Dahlgren, VA 22448 

Commnnder 
Nuclear Wllnpons TraIning 

Grl,lup·Atlul1t!c 
A ttn: NUclear Wnrfare Department 

Nl,lrfolk, VA 23511 

Chief, Butoall of Medicine &. Surgery 
Department \'.If the Nnvy 

Attn: CODE 553-1 
Washlngtoll, DC 20372 

DEPARTMENT OF' TilE AIR FORCE 

HQ l~Qrclgn Technology Division (AFSC) 
Attll! I'DTR-3 

Wrlght-Pnttcrson AFB, OH 45433 

IIQ, USAF/SCl)R 
Ilo(rllstnl Bldg 
-,VASil DC 20314 
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HQ, AFSC/IGS 
Andrews AFB, DC 20334 

HQ, Ogden ALC/MMNTM 
Hill AFB, UT 84406 

Director 
Air Force Inspection and 

Safety Center 
Attn: IGD(AFISC/SEV) 

Norton AFB, CA 92409 

OUTSIDE AGENCIES 

Battelle, Colllmbus Laboratories 
Attn: TACrEC 

505 King Avenue 
Columbus, 01-1 43201 

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

Director 
Central Intelligence Agency 

Attn: ORD/DD/S&T 
Washington, DC 20505 
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