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1.  References.  A list of references used in this initial health hazard assessment report (IHHAR) 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 Materiel 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) (reference 1).  The proponent for the HHA Program is the Office of The Surgeon General (OTSG); however, OTSG has designated this Center as its Executive Agent (reference 2).

3.  Capsaicin.

    a.  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 OC (reference 6).  Other less important, pharmacologically active, capsaicoids found in OC are dihydrocapsaicin, norhydrocapsaicin, homodihydrocapsaicin,  homocapsaicin, and decanoic acid vanillylamide (reference 6).  The composition of OC extracts differ based on species of capsicum, time harvested, and portion of the plant used (references 7, 8, and 9).

    b.  Cardiovascular and respiratory effects.

        (1)  A triad of effects has been identified following exposure to capsaicin:  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 pungency (reference 11).  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.

        (2)  A reflex constriction of hind limb, gut, and renal resistance vessels, constriction of splanchnic capacitance vessels, and relaxation of cutaneous veins following capsaicin injection have been reported.  The responses were abolished after sensory nerves to the limb were severed.  This indicates that capsaicin is capable of stimulating both high pressure and low pressure stretch receptors in blood vessels (reference 12).

        (3)  At least one death has been attributed to bronchospasm precipitated by pepper spray (reference 13).

    c.  Thermoregulatory effects.

        (1)  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 30 minutes.  This effect was interpreted as being due to excitation of heat receptors and subsequent activation of the cooling center of the hypothalamus (reference 14).  This effect has also been observed in guinea pigs and mice.

        (2)  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 temperature (reference 15).  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 capsaicin (reference 16).

        (3)  Capsaicin injected into the hypothalmic area of cats reduced regulatory activity and inhibited panting at warm temperatures.  This effect was dose‑dependent and apparently irreversible (reference 17).

    d.  Effects on pain and desensitization.

        (1)  Capsaicin exerts its pain‑eliciting effect by stimulating unmyelinated fibers which are sensitized by thermal stimuli. 

        (2)  Capsaicin can kill a subpopulation of sensory neurons by increasing Ca+2 entry in these cells and inducing calcium activated proteases (reference 18).

        (3)  Capsaicin induces neurogenic inflammation in the human airway in vivo (reference 19).

    e.  Gastrointestinal effects.

        (1)  Capsaicin potentiates the induction of reserpine‑induced gastric ulcers (reference 20).

        (2)  Capsaicin (10.0 gm%) induced damage to duodenal mucosal cells following intraduodenal or intragastric injection (reference 21).

    f.  Involvement of neuropeptides on pharmacological actions of capsaicin.

        (1)  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 systems (references 22 and 23).

        (2)  Capsaicin increases the release of specific proteins [calcitonin gene‑related product (CGRP)] from cardiac sensory C‑fibers.  The CGRP increases heart rate, contractility, and coronary flow (reference 24).

        (3)  Capsaicin attenuated the effects of morphine analgesia (reference 25).

    g.  Effects of capsaicin on the eye.

        (1)  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 neovascularization (reference 

26).

        (2)  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 fibers (reference 27).

    h.  Capsaicin and mutagenicity.

        (1)  A crude mixture of capsaicinoids (OC) was found to be mutagenic in the V79 assay (reference 28).

        (2)  The OC produced fibroblasts in hamster cells at a concentration of 5 gm/L/4 hrs (reference 29).

4. CS (2-Chlorobenzalmalonitrile)

    a.   2-Chlorobenzalmalonitrile (CS; O-Chlorobenzylidene malonitrile) was developed at Porton Down, England in 1958 and was adopted by the U.S. Army in 1959 for riot control purposes.  CS is a variant of CA which was first developed in the 1920s.  It is a white crystalline powder, although solid and liquid forms are available.  In its pure form, CS has a characteristic pungent, pepperlike odor.  This agent is not soluble in water or ethanol but is soluble in methylene chloride.  CS has the chemical formula of C10H5ClN2 or (ClC6H4CHC(CN)2) and a molecular weight of 188.5.  (references 30, 31, 32, and 33)

    b.  CS is the parent compound for three other formulations of riot control agents; CS1, CS2 and CSX.  

        (1)  CS1 was formulated to increase persistency and efficacy.  This form is free flowing, micropulverized powder (3-10 ) to which 5% silica areogel has been added.  

        (2)  CS2 is CS blended with silicon-treated silica areogel which causes it to repel water.  This process reduces agglomeration and hydrolysis.  When disturbed, CS2 reaerosolizes to cause respiratory and ocular effects.  

        (3)  CSX is a form of CS developed for dissemination as a liquid rather than a solid.  This formulation combines one gram of CS with 99 grams of trioctylphosphite (TOF).

    c.  CS can be disseminated as a powder, an aerosol or smoke.

        (1) Aerosols are generated by combining CS with a liquid carrier.

        (2) Smoke is generated pyrotechnically

    d.  Regulatory Information for CS:

        (1) The Occupational Safety and Health Administration (OSHA) sets a time weighted average of 0.05 ppm (0.4 mg/m3) for CS (reference 34).

        (2) The National Institute for Occupational Safety and Health (NIOSH) also sets a ceiling limit of 0.05 ppm (0.4 mg/m3) for CS (reference 34).

        (3)  The American Congress of Governmental Industrial Hygienists (ACGIH) sets a short term exposure limit (STEL) for CS at 0.05 ppm and a ceiling limit (C) of 0.39 mg/m3 (reference 35).

    b. Animal Studies:

        (1) Acute Toxicity:

            a. The following table of values for acute exposure to CS in animals has been adapted from Ballantayne (reference 36):

	Route
	Species
	LD50 (mg/kg)

LC50 (mg min/m3)

	Intravenous
	Rabbit

Rat
	23-27

28-35

	Intraperitoneal
	Rat
	48-66

	Oral
	Rabbit

Rat
	178-1366

142-401

	Inhalation

(pure material)
	Rat

Mouse

Guinea pig

Rabbit
	88,480

67,200

50,000

54,100

	Inhalation

(smoke)
	Rat

Mouse

Guinea pig

Rabbit
	68,000

76,000

35,000

63,000


        (2) Ocular Effects:

            a. At an air concentration of 4 mg/m3, CS causes an immediate sensation of burning of the eyes, lacrimilation, blepharospasm (uncontrolled blinking), conjunctival injection, sneezing, coughing, rhinorrhea and chest tightness (reference 31).

        (3) Dermal Effects:

            a. CS can serve as a hapten and cause contact dermatitis in animals (reference 37).

            b. Animal studies have indicated that tha ability of CS to eye damage, other than conjunctival injection, is low. (reference 31)

            c. Soft contact lenses have been shown to lessen the irritative and lacrimatory effects of CS in humans (reference 38)

        (4) Pulmonary and Cardiovascular Effects:

            a. Guinea pigs, rats, mice, and rabbits were used by Ballantyne and Callaway (reference 39) to determine the toxicity of pyrotechnically generated CS.  The lungs of decedents were edematous and congested with multiple hemorrhages, the trachea and bronchi contained excessive mucous.  Histological examination of the lungs revealed hemorrhagic atelectasis.  There was also evidence of circulatory failure (references 36 and 40).

            b. Exposure of rats and hamsters to doses of CS (30,000-90,000 mg-min/m3) gave rise to congestion and severe capillary damage, but a time course study showed that the induced damage was transient (reference 41).

        (5) Clinical Chemistry:

            a. CS reacts very rapidly with plasma proteins, probably generating a covalent addition compounds (reference 42).

            b. In water, CS is rapidly hydrolysed to 2-chlorobenzaldehyde and malononitrile, the latter giving rise to cyanide and thiocyanate (reference 31).

        (6) Reproductive toxicity and Teratogenic Effects:

            a. Upshall (reference 43) found no significant effect of CS on pregnancy in animals.

            b. The Himsworth report (reference 44) found no increase in abortion, stillbirth, or congenital abnormalities in geographic districts of tear gas use, comparing a nine month period of heavy tear gas exposure to a previous nine month period.

        (7) Mutagenicity and Carcinogenicity

            a. CS is an SN2 (substitution nucleophilic, second order) alkylating agent and as such is potentially genotoxic

            b. CS has been shown to be mutagenic in the Ames Salmonella assay and the L5178Y tk+/tk- mouse lymphoma forward mutation assay (reference 45).

            c. Studies conducted at Edgewood Arsenal reported CS to induce pulmonary tumors in exposed mice (A/J strain) and rats (SpragueDawley, Wistar) following a 4-week inhalation study at 0, 50, and 500 mg min/m3 (reference 46).  The increase was not strictly dose related and of borderline statistical significance.

            d. The National Toxicology Program (NTP) of the National Institute of Environmental Health Science (NIEHS) have shown CS to be clastogenic in Chinese hamster ovary cells (reference 47).

            e. CS can produce a dose-dependent increase in spindle disturbances in V79 Chinese hamster cells (reference 48).  CS induced micronuclei formation and mutants resistant to 6-thioguanine in the V79 cells, as well, without subsequent DNA repair synthesis (reference 49).  This information suggests that CS may cause genetic effects through an effect on the mitotic spindle apparatus of cells causing chromosomal aneuploidy.

    c. Human Studies:

        (1) Physiological Effects:

            a. The estimated human acute lethal inhalation dose (reference 50) was between 25,000 and 150,000 mg-min/m3, a figure that is several hundred times the exposure dose required to induce intolerable symptoms.

            b. Heart failure, hepatocellular damage, and death occurred in a middle aged adult overcome by CS (reference 51).

            c. Punte et al (reference 52) found no increase in airway resistance in human volunteers.  Volunteers with a history of asthma were excluded from this study.

            d. In a community survey of civilians exposed to CS, a number of subjects reported symptoms of cough and shortness of breath that continued weeks after their last exposure (reference 53).

            f. The following table of values for acute exposure to CS in humans has been adapted from Hu (reference 31):

	Property
	Concentration

	TC50 (mg/m3)a
     Eye

     Respiratory Tract
	4 x 10-3
23 x 10-3

	IC50 (mg/m3)b
	3.6


a TC50: Concentration of CS required to produce a detectable irritant effect within one minute in 50% of the population studied.

b IC50: Concentration of CS required to render 50% of the population studied unable to offer resistance or fulfill military duties.

            d. Studies on human volunteers have documented the development of tolerance to CS (reference 54).

        (2) Ocular Effects:

            a. Acute conjunctival injection and tearing was almost instantaneous for all volunteers exposed to CS in trioctyl phosphate (TOF) at levels of 0.05, 0.1, 0.25, 0.5, and 1.0%.  The tearing subsided within 5 minutes.  There was no evidence of corneal damage at 24 hours or 30-36 days (reference 54).

        (3) Dermal Effects:

            a. Severe nontransient cutaneous reactions to CS can occur, particularly in the form of primary contact dermatitis with edema and blister formation from direct contact of skin with CS powder.  The skin of blacks seems to be more resistant to these effects than that of whites.  Hot and humid weather increases the likelihood of this effect (reference 31).

5.  CR (Dibenz (b,f)-1,4-Oxazepine)

    a.  Dibenz (b,f)-1,4-Oxazepine (CR; EA3547) was approved for use by the U.S. Army as a riot control agent in 1974.  It is a pale yellow powder with a melting point of 72C and a vapor pressure of 0.000059 mmHg at 20C.  This agent is insoluble in water and the rate of hydrolysis is very slow.  It is soluble in a number of organic solvents.  Because of its low solubility, CR is dissolved in a solvent-propellant mixture for dispersion.  CR has a chemical formula of C13H9NO and a molecular weight of 195.42 (references 30, 31, 32, and 33).

    b. Animal Studies:

        (1) Acute Toxicity

            a. The following table of values for acute exposure to CR in animals has been adapted from Ballantayne (reference 36):

	Route
	Species
	LD50 (mg/kg)

LC50 (mg min/m3)

	Intravenous
	Rabbit

Rat
	47

68

	Intraperitoneal
	Rat
	766-817

	Oral
	Rabbit
	1760

	Inhalation

(pure material)
	Rat

Mouse

Guinea pig

Rabbit
	>425,000

>169,500

>169,500

>169,500

	Inhalation

(smoke)
	Rat

Mouse

Guinea pig

Rabbit
	139,000

203,000

169,000

160,000


        (2) Repeat Dose Toxicity:

            a. Marrs et al (reference 56) conducted repeat dose inhalation studies of CR in mice and hamsters for 18 weeks (5 days per week).  Mean daily concentrations were 1022, 2033, and 4222 mg-min/m3.  High concentrations caused mortality in both species.  No single cause of death could be determined although pneumonitis was identified in most cases.

            b. Chronic inflammation of the larynx was noted in mice exposed to CR aerosol.  No significant pulmonary changes were manifest.  No lesions were noted in the larynx of hamsters exposed to CR aerosol  (reference 56).

        (3) Ocular Effects:

            a. Ocular effects have been examined by a number of investigators using various concentrations of CR alone or in conjunction with vehicles.

            b. A single dose of 1% CR applied to the eyes of rabbits and monkeys resulted in mild transitory ocular effects (mild redness, mild chemosis and redness of conjunctivae).  Multiple dose application (5 days) of the same solution produced only minimal ocular effects (reference 57).

            c. Threshold Concentrations (TC50)for blepharospasm for guinea pigs is 3.5 x 10-5 and  7.9 x 10-5 in rabbits (reference 58)

            d. Application of solid CR resulted in lacrimation and minor irritation of the conjunctivae which cleared within one hour (reference 59).

            e. CR produced a dose-related increase in corneal thickness in rabbits (Ballantyne et al, 1975).

        (4) Dermal Effects:

            a. Dermal effects have been examined by a number of investigators using various concentrations of CR alone or in conjunction with vehicles.  Single and repeat-dose patch tests were conducted in rabbits and monkeys (reference 56).

            b. A single cutaneous dose of a  1% solution of CR in propylene glycol resulted in no visible signs of skin irritation in rabbits.  In monkeys 10 ml of the same solution caused no dermal irritation (reference 56).

        c. A single 1.0 ml dose of CR in dipropylene glycol administered to rabbits and monkeys resulted in no irritation.  Repeated cutaneous doses produced mild, transient irritation in rabbits and no irritation in monkeys (reference 56).

        (5) Pulmonary and Cardiovascular Effects:

            a. CR aerosols were administered to rats at concentrations of 78,200; 140,900 and 161,300 mg-min/m3.  Light microscopy of lung tissue indicated mild congestion, hemorrhage, and emphysema.  Electron microscopy displayed morphological changes of the epithelium that were transient.  The authors concluded that CR produces minimal damage to the lungs (reference 60).

            b. Anesthetized cats displayed a dose-dependent increase in blood pressure following administration of CR.  Increases in heart rate and arterial catecholamine content were also noted.  The pressor response was abolished by co-administration of phentolamine and 6-hydroxydopamine indicating an effect on the sympathetic nervous system (reference 61).

        (6) Cytotoxicity:

            a. HeLa cells exposed for 3.5 hours to CR at a concentration of 4 x 10-5 mol/L produced no adverse effects.  Cells exposed for 1.75 hours at a concentration of 1.4 x 10-4 mol/L displayed cytoplasmic shrinkage and increased staining of cell membranes (reference 62).  The suggestion was made that there was an interaction between CR and sulfhydryl containing enzymes.

        (7) Reproductive toxicity and Teratogenic Effects:

            a. Pregnant rabbits and rats were exposed to CR aerosol at concentrations of 2, 20, and 200 mg/m3 for 5-7 minute exposures on days 6-18 and 6-15 of pregnancy, respectively..  An additional groups of rabbits and rats were dosed intragastrically.  Pregnant rats exposed to CR displayed no signs of toxic effects.  There were no dose-related effects of CR on fetal malformations although poorly ossified sternebrae and vertebrae as well as extra ribs were noted in all groups.  Rabbits appeared unaffected by CR treatment (reference 43).

        (8) Mutagenicity and Carcinogenicity:

            a.  Colgrave et al (reference 63) examined the mutagenic and teratogenic effects of 95% technical CR using the following test systems: Ames test, Chinese hamster cell mutagenesis (V79/HGPRT system), mouse lymphoma cell mutagenesis (L5178Y/TK), and the micronucleus induction test.  The results were all negative.

            b. Upshall (reference 43) demonstrated that CR was not teratogenic or embryolethal when given as an aerosol or by gavage.

    c. Human Studies:

        (1) Physiological Effects:

            a. Testing of CR on human volunteers has been conducted by several investigators.  Humans displayed primarily respiratory and ocular effects following short term exposure to CR aerosol.  Respiratory effects included upper respiratory tract irritation, with choking and dyspnea.  Ocular effects were lacrimation irritation and conjunctivitis.

            b.  Following whole body drenches, increases in blood pressure were observed.  This may be due to the effect of CR on the heart through increased sympathetic outflow (reference 64).

            c. Aerosols (0.25 mg/m3 for 1 hour) reduced expiratory flow rate 20 minutes after onset of exposure (reference 65).  This effect also suggests an increase in sympathetic outflow.

            d. The following table of values for acute exposure to CR in humans has been adapted from Hu (reference 31):

	Property
	Concentration

	TC50 (mg/m3)a
     Eye

     Respiratory Tract
	4 x 10-3
2 x 10-3

	IC50 (mg/m3)b
	0.7


a TC50: Concentration of CR required to produce a detectable irritant effect within one minute in 50% of the population studied.

b IC50: Concentration of CR required to render 50% of the population studied unable to offer resistance or fulfill military duties.

        (2) Ocular Effects:

            a.Ballantyne and Swanson (reference 58) tested irritant potency of CR in saline on human volunteers using blepharospasm as an endpoint.  They determined the threshold concentration (TC50) for this effect to be 8.6 x 10-7M.  The authors suggested that CR at a concentration of 3.3 x 10-6M would be incapacitating.

        (3) Dermal Effects:

            a. Human subjects were patch-tested at various anatomical sites with CR solutions at concentrations between 0.01% and 1.0% at exposure durations of 5 to 30 minutes.  A stinging sensation was reported following exposure.  The response to CR was greater than that of CS.  The response was more prompt at higher ambient temperatures.  Transient erythema of varying degrees was noted which subsided within 2 to 4 hours (reference 66). 

            b. CR powder and CR in solution (saline) were tested in humans by Holland (reference 67).  Erythema was evident within 10 minutes following application of dry CR which disappeared upon removal of the material.  CR in saline resulted in marked irritation.  No swelling or vesication was noted even under adverse conditions.

            c. Whole body drenches were conducted by Ballantyne et al (reference 68) and indicated a differential effect of CR on various anatomical regions of the body.  Stinging of the skin around the eyes and face occurred within one minute of application.  Other anatomical sites such as chest abdomen, thighs, and stomach were affected within 5 minutes.  Many areas of the skin were resistant to the effects of CR including ears, scalp, palms of the hands, knees, and lower legs.

6. ASSESSMENT OF HEALTH HAZARD ISSUES:

    a Capsaicin:

        (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 deactivate cooling centers in the brain.  Exposure could 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 use (reference 11).

    b. CS (2-Chlorobenzalmalonitrile)

        1. Fatalities may occur when CS is used in a closed space (tunnels, shelters) where concentrations can exceed 40,000-70,000 mg-min/m3.

        2. Suppurating infections of the eye and respiratory tract as well as a disposition to hyperergic reastions are possible in connection with repeated exposure to CS.

        3. Exposure of persons suffering from bronchial asthma or chronic bronchitis to CS could result in a deterioration of their principal disease.

         4. Chronic exposure to CS may result in tumor production, although the evidence for such an effect needs to be strengthened.

    c. CR (Dibenz (b,f)-1,4-Oxazepine):

        (1) Suppurating infections of the eye and respiratory tract as well as a disposition to hyperergic reastions are possible in connection with repeated exposure to CS.

        (2) Exposure of persons suffering from bronchial asthma or chronic bronchitis to CS could result in a deterioration of their principal disease.

7. RECOMMENDATIONS:

    a. Capsaicin

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

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

        (3) Do not train using capsaicin. (RAC IC)

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

        (5) Recommend acute testing of OC at high ambient temperatures in animals.

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

        (7) A simulator should be developed using inert materials for training purposes.  The use of the inert training model is suggested.

    b. CS (2-Chlorobenzalmalonitrile)

        (1) Do not use in confined areas where concentrations will exceed 25,000 mg-min/m3.  (RAC IC)

        (2). Limit repeated exposure to CS without the use of personal protective equipment (PPE).  (RAC IIB)

        (3). Recommend further testing of CS for mutagenicity and carcinogenicity.

    c. CR (Dibenz (b,f)-1,4-Oxazepine)

        (1) Limit repeated exposure to CS without the use of personal protective equipment (PPE). (RAC IIIB).

        (2) Recommend further testing of CS for mutagenicity and carcinogenicity.

8. CONCLUSIONS:

    a. Of the three compounds evalusted, CR appears to have the greatest effect with minimal long term pathologhcal effects.  It is further recommented that CR be used as the riot-control agent of choice with the XM37 Mid Size Riot Control Dispenser.

9. PREPARER IDENTIFICATION:

The U.S. Army Center for Health Promotion and Preventive Medicine, Aberdeen Proving Ground, MD  21010‑5422.  The point of contact in the Directorate of Occupational Health Sciences HHA Program is Mr. Robert Gross.  This Centers Toxicity Evaluation Program prepared the assessment for the chemical toxicity of OC, CS, and CR.  The point of contact in the Toxicity Evaluation Program is Dr. Will McCain.
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