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1. REFERENCES: 

A list of references supporting this initial health hazard assessment report (HHAR) is contained in Appendix A.

2. SUMMARY:

a. The Army’s Health Hazard Assessment (HHA) Program is an Army Medical Department initiative in cooperation with and in support of the Army Material Acquisition Decision Process.  A specific objective of the program is to enhance soldier performance and readiness by minimizing the effects of health hazards in the workplace ( e.g., field operations and weapon systems)1.  The proponent for the HHA is The Surgeon General (TSG)who has designated this Center as his Executive Agent2.

b. CAP-STUN is a less-than-lethal weapon system which contains oleoresin capsicum (OC; pepper spray) as the active incapacitating component.

c. The principal health hazards associated with CAP-STUN are chemical substances.  An assessment and recommendations addressing the potential health hazards are contained in sections five and six, respectively.

3. BACKGROUND:

a. CAP-STUN is a less-than-lethal weapon system used by many law enforcement agencies as a method of incapacitating violent subjects.  CAP-STUN contains 5.5% OC in 94.5% isopropyl alcohol3.

1. CAP-STUN (Z-305 Standard Duty Unit) will produce a cone of spray with a maximum range of 15 feet and a maximum width of 6 feet.  The unit will discharge 20-25 one second bursts4. 

2. The lesson plan for oleoresin capsicum (LH 242, Directorate of Training, U.S. Army Military Police School, Fort McClellan, AL) indicates that the spray will be directed into the subjects face.  The most effective range is from four to six feet.  Usually a spray burst of one second is sufficient to incapacitate, however, an additional one to two second burst may be necessary if the first burst fails to incapacitate the subject5.  This information differs from operating instructions supplied with the CAP-STUN (Z-305 Standard Duty Unit) which indicates that the spray should be pointed at the subjects chest4.

2. Capsaicin (trans-8-methyl-N-vanillyl-6-nonenamide), the most pharmacologically active of the capsaicoids, is derived from plants of the Solanaceae family; particularly from members of the Capsicum genus (chili peppers).  Capsaicin comprises 0.1 to 1% of OC6.  Other less important, pharmacologically active, capsaicoids found in OC are dihydrocapsaicin, norhydrocapsaicin, homodihydrocapsaicin,  homocapsaicin, and decanoic acid vanillylamide6.  The composition of OC extracts differ based on species of capsicum, time harvested, and portion of the plant used7,8,9.

b. Toxicity evaluation of CAP-STUN was conducted by the United States Testing Company, Inc. (1415 Park Ave., Hoboken, NJ, 07030) following Good Laboratory Practice (GLP) regulations for the following:

1. Eye irritation: CAP-STUN (0.1 ml) induced eye irritation involving cornea and  conjunctivae.  Chemosis (swelling) was evident in all animals after 72 hours. 

2. Guinea pig skin sensitization (Allergenicity): CAP-STUN (10% w/w) was not an allergenic agent in the guinea pig.

3. Dermal irritation test: CAP-STUN (0.5 ml) produced well defined erythema in all test animals with complete recovery after ten days.

4. Acute inhalation toxicity test: CAP-STUN was not acutely toxic at 53.6 mg/l (highest concentration tested).

c. A National Stock Number (NSN 1365-01-407-3182) was issued in 1994 for CAP-STUN (Z-305 Standard Duty Unit) in response to a request by the U.S. Air Force.

d. No HHA has been developed for CAP-STUN although this product is being used by the U.S. Air Force as well as other military and civillian law enforcement agencies.

4. IDENTIFICATION OF HEALTH HAZARD ISSUES:

a. Capsaicin

1. Cardiovascular and respiratory effects
a. A triad of effects has been identified following exposure to capsaicin which include a decrease in heart rate (bradycardia), a decrease in blood pressure, and a temporary cessation of breathing (apnea).  The intensity of actions are in direct proportion to the degree of pungency10.  These effects can be completely blocked by severing the vagus nerves (bilateral vagotomy).  This information suggests that response to capsaicin is due to activation of baroreceptors of the pulmonary artery.

b. A reflex constriction of hind limb, gut, and renal resistance vessels, constriction of splanchnic capacitance vessels and relaxation of cutaneous veins following capsaicin injection has been reported.  The responses were abolished after sensory nerves to the limb have been severed.  This indicates that capsaicin is capable of stimulating both high pressure and low pressure stretch receptors in blood vessels11.

c.  At least one death has been attributed to bronchospasm precipitated by pepper spray12.

2. Thermoregulatory effects
a. As early as 1950, it was noted that low levels (1.4 mg/kg) of capsaicin given subcutaneously will reduce the rectal temperature of rats from 36.6C to 30.5C within thirty minutes.  This effect was interpreted as being due to excitation of heat receptors and subsequent activation of the cooling center of the hypothalamus13.  This effect has also been observed in guinea pigs and mice. 

b. High doses of capsaicin appear to desensitize the central hypothalamic warmth receptors so that no hypothermia occurs.  There is also an increase in body temperature (hyperthermia) in response to high ambient temperatures which cause some animals to suffer heat stroke and die at ambient temperatures as low as 35C to 37C (95F to 98.6F).  This effect is not seen at room temperature or low ambient temperature14.  Signals for warmth (as well as some cold sensations) are transmitted primarily over C-type fibers (unmyelinated, small diameter sensory neurons); those neurons most affected by capsaicin15.

c. Capsaicin injected into the hypothalmic area of cats reduced regulatory activity and inhibited panting at warm temperatures.  This effect was dose-dependent and apparently irreversible16.

3. Effects on pain and desensitization
a. Capsaicin exerts its pain-eliciting effect by stimulating unmyelinated fibers which are sensitized by thermal stimuli. 

b. Capsaicin can kill a subpopulation of sensory neurons by increasing Ca++ entry in these cells and inducing calcium activated proteases17.

c. Capsaicin induces neurogenic inflammation in the human airway in vivo18.

4. Gastrointestinal effects
a. Capsaicin potentiates the induction of reserpine-induced gastric ulcers19.

b. Capsaicin (10.0 gm%) induced damage to duodenal mucosal cells following intra duodenal or intragastric injection20. 

5. Involvement of neuropeptides on pharmacological actions of capsaicin.
a. Capsaicin produces a depletion of substance P (SP; a neurotransmitter found in sensory neurons) in most, but not all, SP-containing sensory neurons in both the peripheral and central nervous systems21,22. 

b. Capsaicin increases the release of specific proteins (calcitonin gene-related product; CGRP) from cardiac sensory C-fibers.  CGRP increases heart rate, contractility, and coronary flow23.

c. Capsaicin attenuated the effects of morphine analgesia24.

6. Effects of capsaicin on the eye.
a. Corneal sensory and sympathetic nerve fibers undergo extensive sprouting following exposure to capsaicin, however, the reinnervation is morphologically abnormal.  The reinnervation does not prevent keratitis or neovascularization25.

b. Capsaicin (0.33 mM; 100 mg/l) elicited a discharge of impulses in corneal C fibers that was followed by inactivation to mechanical, chemical and thermal stimuli.  This treatment also excited then deactivated cold noiciceptive fibers26.

7. Capsaicin and mutagenicity
a. A crude mixture of capsaicinoids (OC) was found to be mutagenic in the V79 assay27.

b. OC produced fibroblasts in hamster cells at a concentration of 5 gm/L/4 hrs.28.

b. Isopropyl alcohol

1. Cardiovascular and respiratory effects

Isopropyl alcohol is capable of producing hypotension without bradycardia and, sometimes, circulatory collapse29.

2.Effects on the eye
a. Isopropyl alcohol causes a mild transitory injury when applied to rabbit eyes (graded 4 on a scale of 1-10)30.

b. Ingested isopropyl alcohol caused blurring and cupping of the optic disc in rabbits30.

3. Flammability
A suspect sprayed with OC was subsequently shot with a stun gun.  The charge from the stun gun ignited the isopropyl alcohol and set the subject on fire31.

5. ASSESSMENT OF HEALTH HAZARD ISSUES:

1. Capsaicin may cause serious injury or death in persons with chronic or acute respiratory or cardiac conditions.

2. The use of capsaicin in tropical climates may prove to be a health hazard as cooling centers in the brain may be deactivated.  Exposure could, therefore cause heat stroke in susceptible individuals.

3. Little information exists on the effects of capsaicin in combination with alcohol and/or drugs.

4. Certain subpopulations are at higher risk from repeated or prolonged exposure to OC.  These include law enforcement officers and instructors of OC use32.

6. RECOMMENDATIONS:

a. Recommend use of CAP-STUN (Z-305 Standard Duty Unit) on a limited basis:

1. Limit use to violent or threatening individuals.  (RAC: IC)

2. Limit number of sprays or quantity used per individual (not more than one unit).  (RAC: IC)

3. Limit use to individual combatants only (not for riot control).  (RAC: IC)

4. Limit use when ambient temperatures are above 90F.  (RAC: IC)

5. Do not use in conjunction with electrical stun device (stun gun, tazer, etc.). (RAC: IIB)

6. Do not train using CAP-STUN (Z-305 Standard Duty Unit). (RAC IC)

b. Recommend further acute testing be performed to examine the interactive effect of OC with alcohol and/or drugs (most common drugs of abuse).

c. Recommend acute testing of OC at high ambient temperatures in animals.

d. Recommend that a regulatory agency be identified and guidelines/regulations be enacted to provide consistency and quality control.

e. A simulator should be developed for the CAP-STUN (Z-305 Standard Duty Unit)using inert materials for training purposes.  The use of the inert training model, CAP-STUN (T-305 with mint scent), is suggested.
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