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Abstract

Chemical agents that target the eyes have been a popular choice for law enforcement
during riots and for military training for nearly a century. The most commonly used
agents are chloroacetophenone (CN, formerly sold as Mace®), o-chloro-benzylidene
malononitrile (CS), and oleoresin capsicum (OC or pepper spray, current ingredient for
Mace®). Initially, the majority of severe ocular injuries were caused by the explosive
force rather than the chemical itself. The development of sprays reduced the severity of
ocular injuries, but resulted in a variety of chemical injuries. The effects on eyes include
conjunctival injection, complete corneal epithelial defects, pseudo-pterygium, corneal
neovascularization, persistent conjunctivalization, corneal opacities, and reduced visual
acuity. Current management, based on limited human studies, emphasizes
decontamination and symptomatic treatment. We review the literature related to clinical

and histopathological effects of tear gas agents on the eye and their management.

Key words: tear gas, lacrimators, mace, eve injuries, pepper spray, oleoresin capsicum,
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1. Introduction

Riot control agents are defined by World Health Organization as “chemical agents
that are capable, when used in field concentrations, of rapidly causing a temporary

disablement that lasts for little longer than the period of exposure.™

Out of the multiple
forms of riot control agents, lacrimating chemicals that target the eyes are a popular
choice. Lacrimators, or tear gases, quickly incapacitate the victims by causing eye pain,
lacrimation, and blepharospasm. Tear gases are considered effective as a ‘non-lethal’
form of crowd control, and while permanent damage is rare, there are reports of
adverse ocular effects. An effective form of riot control agent should not cause long

lasting or permanent damage, so we review the ocular complications that have been

reported from their use

Use of irritating gas such as sulfur and burning wax is recorded as early as 428 BC,
during the war between the Athenians and Spartans.® Modern day chemical agents
that cause excessive lacrimation with blepharospasm were first developed and used by
Germany during World War 1.3! These riot control agents have also been referred to as
lacrimators, tear gases, harassing agents, and irritating agents.*® Since their
development, tear gases have been used in wars, civil disturbances, as well as military
training and exercises. While the Chemical Weapons Convention prohibited the use of
these agents as a method of warfare, the United States currently does not classify riot
control agents as chemical warfare agents.® Today, the most commonly used
lacrimating agents are chloroacetophenone (CN), o-chloro-benzylidene malononitrile

(CS), and oleoresin capsicum (OC).



Chloroacetophenone was developed towards the end of World War | specifically as
a lacrimating agent.®* Although it was reportedly never used during this war, CN quickly
became the primary riot control and military training compound used by the military and
law enforcement agencies.®! Tear gas dispensers containing CN that could fit into a
purse were commercially available to the public in 1920s.'%%! Initially all tear gas
devices utilized an explosive to dispel the CN. A typical tear gas weapon would fire a
cartridge packed with CN powder along with an explosive charge.*! In 1965 CN became
available as a pressurized aerosol spray under the brand name Mace®.*? Although CN
was largely replaced with CS owing to a better toxicity profile, it is still commonly used in

the police force as Mace®.**

British chemists Corson and Stoughton, hence the nickname CS, first discovered 2-
chloro-benzylidene malononitrile in 1928 while exploring condensation reactions of
dinitriles.” 1t was not until in 1950s when Chemical Defense Experimental
Establishment (Porton, England) developed CS as a riot control agent.?® In 1959 CS
completely replaced CN in the military, and it was extensively used by the US Army
during the Vietnam War for tunnel denial.?®> Today CS is used worldwide by the police
force for crowd control and by the military as a confidence builder for protective mask
training.* All US.Army recruits are exposed to CS gas during the mask confidence
training, and all solders issued a protective mask must complete the mask training

annually.?

Modern day pepper spray contains oleoresin capsicum, a natural mixture of over
100 compounds that is extracted from the Capsicum genus chili peppers.®* The exact

composition of oleoresin capsicum is determined by various factors such as ripeness of
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the chili, the environment which the plants are grown, and the method of extraction.®*
The use of OC sprays by police became widespread in the 1980s, and it was legalized
for civilian use in the majority of states by 1990s.%* The current Mace® spray that is
available to the public actually contains OC instead of CN. Recruits at some law

enforcement academies are exposed to OC sprays as part of their training. 255!

2. Chemical properties and mechanisms of action of lacrimating agents

The mechanism of action of CN is not fully understood. Studies suggest that it acts
as an Sy2 alkylating agent that induces tissue damage by inactivating thiol and
sulfhydryl groups of enzymes such as lactic dehydrogenase, glutamic dehydrogenase,

and pyruvic decarboxylase.® The molecular formula is CgH;OCI with molecular weight

of 154.5. It has a melting point of 54°C and boiling point of 247°C.3*

CS is an S\2 alkylating agent like CN, but the former is considered ten times more

potent while being less toxic.* The molecular formula is C1oHsN,Cl with a molecular

weight of 188. It has a melting point of 93°C and boiling point of 310°C.**

The principle constituent of OC is capsaicin (8- methyl-6-trans-nonenoyl-
vanillylamide), a compound that is mainly responsible for the pungent property of chili
peppers.®* Closely related capsaicinoid analogues include homocapsaicin,
nordihydrocapsaicin, nonivarnide (N-vanillyl-n-nonamide), dihydrocapsaicin, and

homodihydrocapsaicin.** The molecular formula is C1sH,7NO3 with a molecular weight



of 305. It has a melting point of 64°C and boiling point of 210°C.3* Given the variation of

the chemical composition among both natural and synthetic OC preparations, there
may be considerable inconsistency in effectiveness.'” Application of capsaicin to skin or
eye causes intense pain by acting on the sensory nerve fibers and stimulating the
release of substance P. *’ Repeated use of capsaicin actually depletes available
substance P within nerve fibers, which reduces the ability to experience pain, and

analgesics containing capsaicin use this principle.*?

3. Ocular effects of lacrimating agents (see Table 1)

3.1 Effects of chloroacetophenone (CN)

The majority of the early reported ocular injuries from CN were caused by the close
range explosion of tear gas weapons.*3#*® |njury from explosive type weapon consists
of various components including the force of the blast, thermal energy, debris from

cartridge, and the chemical agent.®*

Since CN is in powder form, the powder itself can
also act as debris that penetrates the eye. Given the multiple components of these

weapons, the injuries from the explosive weapons are not caused by tear gas alone. !

The manifestations seen in patients who were shot with tear gas at close range
include dense initial conjunctival edema with powder infiltration leading to corneal
clouding, corneal opacity, and deep and extensive neovascularization.***? Hoffman
observed that corneal defects heal slowly, and the degree of visual acuity recovery can
vary from complete recovery to only light perception depending on the distance and

concentration of tear gas.'® Additional complications included secondary glaucoma,



cataracts, vitreous hemorrhage, loss of corneal sensitivity, and damage to the optic

nerve.%%2

Levine and Stahl a studied 14 eyes from 13 men enucleated after close range
explosive injuries.®® The five eyes that were enucleated within 2 months after the insult
all displayed “intense, suppurative, necrotizing keratitis” and coagulative necrosis with
iridocyclitis.®® Nine eyes were enucleated eight months to 15 years after the injury, most
of which were elective procedures because of blindness, vascularizing keratitis, or for
cosmetic purposes.®® Interestingly, many of the eyes that underwent delayed
enucleation showed chronic perforating corneal ulceration histologically.*® They
suggested that CN may have caused neuroparalytic keratopathy by denaturing the
enzymes associated with sensory nerve fibers, which put the cornea at increased risk

for ulcerations.*

The development of Mace® essentially eliminated the explosive injuries and
significantly reduced the severity of ocular injuries from tear gases;*?"*"*° however,
Mace® can still cause lasting ocular injury, especially when used at close range.
Studies in rabbits and monkeys show that close range spraying or direct instillation of
liquid Mace® led to corneal opacities, melanosis, and permanent dense corneal scars.
3137 MacLeod also found that the degree of injury is higher if the eyes were
anesthetized prior to the exposure.®! Case series describing close range exposure to
Mace® in humans describe second degree burns, pseudopterygium, reduced corneal
sensitivity, punctate epithelial corneal defects, stromal opacities, denudation of corneal
epithelium, Descemet membrane folds, corneal scars, and anterior chamber

reaction.**®’ In the 12 cases of Mace® exposure presented by Rose, the victims had



no opportunity for quick irrigation.*” In nine cases, the corneal epithelial defect resolved
within 72 hours, while three cases displayed confluent punctate corneal staining that
persisted up to 3 weeks, one of which displayed peripheral corneal stromal opacity for 5
months.?” Oksala examined five cases of close range CN exposure, and four of the
patients had corneal opacifications for up to 4 months; all patients recovered useful

vision with time.*3

Proper and well controlled uses of Mace® have been shown to be safe and
effective in some instances. Mace® used in a psychiatry ward for behavioral control,
followed by ocular irrigation and evaluation by a physician, reduced the injury rate of the
caretakers without any adverse effects to the patients.*® It is unclear whether ocular
exams were performed on these patients. Importantly, there have been a number of
deaths after CN exposure. The deaths are all from respiratory causes such as acute
pulmonary edema or necrotizing laryngotracheobronchitis resulting from prolonged

exposure to CN in an enclosed space.>**

3.2 Effects of o-chloro-benzylidne malononitrile (CS)

CS is considered to be less toxic than CN and it is less likely to cause ocular
injuries. One animal study comparing CN and CS exposure showed that only CN had
the potential for causing long term ocular damage.*® At the same concentrations, CN
caused iritis and corneal opacities, while CS only caused transient conjunctivitis.*®
Another study demonstrated that direct instillation of CS into monkey and rabbits did not
cause corneal damage.*® Dimitroglou systematically reviewed 35 studies related to CS

exposure.? Of the 90 cases reported, 57% showed ocular effects such as lacrimation,



blepharospasm, eye pain, conjunctivitis, and reduced vision.? In the two cases reporting
reduced vision, visual acuity returned to normal in approximately two days, a recovery
also seen in another study in which instillation of 1% CS into the conjunctival sac did not
produce any corneal damage, and the visual acuity returned to normal within several
minutes. >*° Others have also reported that ocular symptoms are transient and rapidly
reversible with no permanent damage;***°? however, there are still risks of serious

injury at close range exposure.’®

Although there are no known adverse ocular complications, CS has been
associated with more serious pulmonary complications and hypersensitivity reaction.
Hill presented a case of multisystem hypersensitivity reaction to CS that lasted 6
months and required an intensive care unit (ICU) stay.*® As mentioned earlier, the
military routinely use CS in mask training for recruits. During a strenuous military
training, CS exposure resulted in four cases of ICU admissions for hypoxia that resolved
within 72 hours.*> Hout showed that recruits have a significantly higher risk of acute
respiratory illnesses after exposure to CS. 2 Hout also raised a concern that daily
average exposure to CS exceeded the threshold limit value for both the trainees and
chamber operators.? It also remains unclear what the long term sequelae are from

repeated exposures.

3.3 Effects of Oleoresin capsicum (OC)

The concentration of OC in sprays vary from 1%-15% depending on the

manufacturer.*? While there are extensive studies done regarding the toxicology and



pharmacology of capsaicin, there are only few studies of OC.** This may be because
OC is frequently used in foods and is widely considered to have minimal toxicity.®
Pepper sprays are not completely safe, as there have been a number of reports of
ocular complications from OC.** There has also been one death attributed to OC in an

asthmatic where the autopsy revealed severe epithelial lung damage.*®

Animal studies show degeneration of corneal trigeminal nerve fibers following
subcutaneous injections of capsaicin in mice and delay in corneal healing and wound
closure following retrobulbar injection with topical capsaicin in rabbits. *>** In humans,
exposure to OC led to transient reduction in corneal sensitivity, focal epithelial cell
damage and necrosis, limbal ischemia, pseudopterygion, corneal neovascularization
and temporary corneal epithelial swelling.*"**** In the 47 subjects exposed to OC and
examined by Zollman, reduced corneal sensitivity at 1 hour returned to baseline after
one week.”* Vesaluoma found that, although OC caused a transient decrease in corneal
sensitivity, a single exposure appeared to be harmless to corneal tissue.*” There was,
however, an abnormal “spiral like sub basal plexus” in the cornea of an officer with a

history of multiple OC exposure.*’

While OC exposure seems to cause little to no damage in a well-controlled
experimental setting, real world exposure has been associated with more severe
effects. Brown found that OC caused corneal erosions in 7% of patients in a jail ward
emergency room, and there have been other reports of prolonged corneal defects and
corneal ulcers, severe cases of complete epithelial defects, and conjunctival chemosis
followed by neurotrophic superficial keratitis.>®2°284° Holopainen described four
patients who developed deep corneal and conjunctival lesions that took weeks to
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months to resolve.?” One of those patients was only exposed to the solvent without the
OC, suggesting that the toxic solvent may be partly responsible for the adverse effects.
In one case of delayed irrigation, pepper spray led to a permanent reduction in visual
acuity due to irregular astigmatism associated with corneal opacity.* In a unique case
of a child exposed to OC, a 2-year-old boy initially presented only with mild edema and
injection, but presented 3 weeks later with significant conjunctival proliferation that
eventually had to be surgically excised.* Unprotected exposure to OC during a riot has
also been associated with dry eyes.* A recent study by Kearney showed that 7% of
4544 cases of OC exposure warranted medical evaluation, with ocular symptoms the
most common cause.?® They also showed that law enforcement training was associated

with increased likelihood of severe ocular symptoms.2®

4 Management

Currently there is no antidote available for lacrimating agent exposure, and
management, which mainly consists of decontamination and symptomatic treatment, is

only based on limited human studies.*

Lacrimating agents being air-borne, both the victim and care provider need to be
protected from further exposure. In the immediate aftermath of an exposure, victims
should first be reassured, withdrawn from the contaminated area, and moved to a well
ventilated space.?® As lacrimating agents are several times heavier than air, medical
staff should attempt to stay on higher ground, and patients should be lifted off the

ground whenever possible.* Medical staff should wear appropriate personal protection
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against secondary contamination.?* 45 minutes of aeration may be sufficient to reduce
OC on contaminated materials to a safe level.? * While decontamination of CS and CN
on fabric from a spray only consists of simple aeration, heavy level of exposure may
require treatment with an alkaline solution and steam. ?** Contact lenses and
contaminated clothing should be removed and discarded,as they may retain

particles.?**?

There are conflicting views regarding irrigation of the eyes after CS exposure.
Some suggest that the eyes should be thoroughly flushed with water or saline for 10 to
20 minutes®, while others advocate evaporation of particles with air from an electrical
fan or hair dryer.*®?"*3 Breakell suggested that evaporation technique has not been
helpful and that irrigation with saline resulted in significant improvement in symptoms.?
There is also a concern that blow-drying may cause further contamination by dispersing
residual CS.*® Boric acid eye wash is contraindicated.* Based on limited evidence,
most authors recommend irrigation with water or saline after exposure®#11:29.38:39.42

especially irrigating the upper and lower palpebral cul-de-sac,where there may be

accumulation of the offending compound.®

Additional symptomatic treatment consists of oral analgesics, topical antibiotics,
and mydriatics.™** Topical anesthetics are not recommended for the treatment of
conjunctivitis.*® Extensive ophthalmologic examination is required for persisting
symptoms to search for retained particles and corneal erosion.*** One limited
randomized study showed that baby shampoo was not superior in reducing eye

discomfort to water alone.>? A small study suggests that diphoterine may have a role as
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an eye and skin prophylactic and decontamination solution for CS exposure, but further

studies are needed.*®

5 Conclusion

While CS and OC sprays are considered safe by many, exposure (particularly
when repeated) may result in long-term ocular complications, and asthmatics are
especially vulnerable to pulmonary complications. Post-exposure management is
largely based on decontamination and symptomatic treatment, and there are no specific
antidotes or evidence-based effective methods. Hence, their use cannot be deemed
completely safe. Civilian authorities and the military use these chemicals in dangerous
situations such as riots because it is felt they do not have long term sequelae; however,
there is not enough evidence-based research to conclude decisively that these sprays
do not have permanent sequelae to the exposed individuals. Future research should fill
three major gaps in our current knowledge. First, the long term effects of exposure
should be explored. Second, although the literature is limited, there is documentation of
serious side-effects (both ocular and systemic), and newer agents or methods could be
developed that do not cause lasting damage. When such disabling agents are used,
there should be management guidelines in place for decontamination to help minimize
any long term effects. Finally, the effectiveness, risks, and benefits of exposing our
military or law enforcement personnel to such chemicals during training should be

explored.

6 Method of literature search
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For this review, we searched Medline, PubMed, Web of Science, Embase and
Toxnet databases for all articles published before 31 August 2015. Key words were
searched independently and in various combinations: tear gas, lacrimators, mace, eye
injuries, (cornea OR corneal) damage, pepper spray, chloroacetophenone, oleoresin
capsicum, o-chloro-benzylidne malononitrile. The search was broad and not restricted
by any filters. We included articles from the non-English language literature if translated
abstract providing adequate information or translated full-text was available from the
publisher. We also searched reference lists of articles obtained from the above search.
We included articles related to clinical and histopathological effects of tear gas agents
on the eye and subsequent management. Articles were excluded if they did not specify

the compound being studied or did not report ocular effects.

7 Disclosure

For this article, the authors did not receive any financial support from any public
or private sources. The authors have no financial conflicts of interest to declare. The
opinions expressed are those of the authors and not necessarily those of the
Department of Veterans Affairs or the United States Government. This material is the
result of work supported with resources and the use of facilities at the Veterans Affairs

Boston Healthcare System, Boston, Massachusetts, USA.

References

14



Blain PG. Tear gases and irritant incapacitants. 1-chloroacetophenone, 2-
chlorobenzylidene malononitrile and dibenz[b,f]-1,4-oxazepine. Toxicol Rev.

2003;22(2):103-10.

Breakell A, Bodiwala GG. CS gas exposure in a crowded night club: the

consequences for an accident and emergency department. J Accid Emerg Med.

1998;15(1):56-57.

Brown L, Takeuchi D, Challoner K. Corneal abrasions associated with pepper

spray exposure. Am J Emerg Med. 2000;18(3):271-272.

Carron PN, Yersin B. Management of the effects of exposure to tear gas. BMJ.

2009;338:h2283.

Chapman AJ, White C. Death resulting from lacrimatory agents. J Forensic Sci.

1978;23(3):527-530.

Clede B. Oleoresin capsicum. Law Order. 1993;March(63):5.

Corson BB, Stoughton RW. Reactions of alpha, beta-unsaturated dinitriles. J Am

Chem Soc. 1928;50:2825-2837.

Das S, Chohan A, Snibson GR, Taylor HR. Capsicum spray injury of the eye. Int

Ophthalmol. 2005;26(4-5):171-173.

15



10.

11.

12.

13.

14.

15.

16.

Dimitroglou Y, Rachiotis G, Hadjichristodoulou C. Exposure to the riot control
agent CS and potential health effects: a systematic review of the evidence. Int J

Env Res Public Heal. 2015;12(2):1397-1411.

Epstein RJ, Majmudar PA. Pepper spray in the eye. Ophthalmology.

2001;108(10):1712-1713.

Folb PI, Talmud J. Tear gas--its toxicology and suggestions for management of its

acute effects in man. S Afr Med J. 1989;76(7):295.

Gallar J, Pozo MA, Rebollo I, Belmonte C. Effects of capsaicin on corneal wound

healing. Invest Ophthalmol Vis Sci. 1990;31(10):1968-1974.

Gaskins JR, Hehir RM, McCaulley DF, Ligon Jr. EW. Lacrimating agents (CS and
CN) in rats and rabbits. Acute effects on mouth, eyes, and skin. Arch Env Heal.

1972,24(6):449-454.

Gerber S, Frueh BE, Tappeiner C. Conjunctival proliferation after a mild pepper

spray injury in a young child. Cornea. 2011;30(9):1042-1044.

Gray PJ, Murray V. Treating CS gas injuries to the eye. Exposure at close range

is particularly dangerous. BMJ. 1995;311(7009):871.

Gray PJ. Is CS spray dangerous. Formulation affects toxicity. BMJ.

2000;321(7252):46-47.

16



17.

18.

19.

20.

21.

22.

23.

Haas JS, Whipple RE, Grant PM, Andresen BD, Volpe AM, Pelkey GE. Chemical
and elemental comparison of two formulations of oleoresin capsicum. Sci Justice.

1997;37(1):15-24.

Hill AR, Silverberg NB, Mayorga D, Baldwin HE. Medical hazards of the tear gas
CS. A case of persistent, multisystem, hypersensitivity reaction and review of the

literature. Med. 2000;79(4):234-240.

Hoffmann DH. Eye burns caused by tear gas. Br J Ophthalmol. 1967;51(4):265-

268.

Holopainen JM, Moilanen JA, Hack T, Tervo TM. Toxic carriers in pepper sprays

may cause corneal erosion. Toxicol Appl Pharmacol. 2003;186(3):155-162.

Horton DK, Burgess P, Rossiter S, Kaye WE. Secondary contamination of
emergency department personnel from o-chlorobenzylidene malononitrile

exposure, 2002. Ann Emerg Med. 2005;45(6):655-658.

Hout JJ, Kluchinsky T, LaPuma PT, White DW. Evaluation of CS (o-
chlorobenzylidene malononitrile) concentrations during U.S. Army mask

confidence training. J Env Heal. 2011;74(3):18-21.

Hout JJ, White DW, Artino AR, Knapik JJ. O-chlorobenzylidene malononitrile (CS
riot control agent) associated acute respiratory illnesses in a U.S. Army Basic

Combat Training cohort. Mil Med. 2014;179(7):793-798.

17



24.

25.

26.

27.

28.

29.

30.

31.

32.

Hout JJ, White DW, Stubner A, Stevens M, Knapik JJ. O-chlorobenzylidene
malononitrile (CS riot control agent) exposure in a U.S. Army basic combat

training cohort. J Env Heal. 2014;77(3):14-21.

Hu H, Fine J, Epstein P, Kelsey K, Reynolds P, Walker B. Tear gas--harassing

agent or toxic chemical weapon? JAMA. 1989;262(5):660-663.

Kearney T, Hiatt P, Birdsall E, Smollin C. Pepper spray injury severity: ten-year
case experience of a poison control system. Prehosp Emerg Care.

2014:18(3):381-386.

Kiel AW. Ocular exposure to CS gas: the importance of correct early

management. Eye. 1997;11 ( Pt 5):759-760.

Kniestedt C, Fleischhauer J, Sturmer J, Thiel MA. [Pepper spray injuries of the

anterior segment of the eye]. Klin Monbl Augenheilkd. 2005;222(3):267-270.

Lee RJ, Yolton RL, Yolton DP, Schnider C, Janin ML. Personal defense sprays:

effects and management of exposure. J Am Optom Assoc. 1996;67(9):548-560.

Levine RA, Stahl CJ. Eye injury caused by tear-gas weapons. Am J Ophthalmol.

1968;65(4):497-508.

MacLeod IF. Chemical Mace: ocular effects in rabbits and monkeys. J Forensic

Sci. 1969;14(1):34-47.

Midtbo A. Eye Injury from Tear Gas. Acta Ophthalmol. 1964;42:672-679.

18



33.

34.

35.

36.

37.

38.

39.

40.

Oksala A, Salminen L. Eye injuries cuased by tear-gas hand weapons. Acta

Ophthalmol. 1975;53(6):908-913.

Olajos EJ, Salem H. Riot control agents: pharmacology, toxicology, biochemistry

and chemistry. J Appl Toxicol. 2001;21(5):355-391.

Rasier R, Kukner AS, Sengul EA, Yalcin NG, Temizsoylu O, Bahcecioglu HO. The
decrease in aqueous tear production associated with pepper spray. Curr Eye Res.

2015;40(4):429-433.

Rengstorff RH. The effects of the riot control agent CS on visual acuity. Mil Med.

1969;134(3):219-22.

Rose L. Mace, a dangerous police weapon. Ophthalmologica. 1969;158

Suppl:448-454.

Sanford JP. Medical aspects of riot control (harassing) agents. Annu Rev Med.

1976;27:421-429.

Schep LJ, Slaughter RJ, McBride DI. Riot control agents: the tear gases CN, CS

and OC-a medical review. J R Army Med Corps. 2015;161(2):94-99.

Shimada M, Young C, Tanen DA. Corneal ulcer associated with pepper spray

exposure during military training. J Emerg Med. 2012;43(2):e149.

19



41.

42.

43.

44,

45,

46.

47,

Shimizu T, lzumi K, Fujita S, et al. Capsaicin-induced corneal lesions in mice and
the effects of chemical sympathectomy. J Pharmacol Exp Ther. 1987;243(2):690-

695.

Smith J, Greaves I. The use of chemical incapacitant sprays: a review. J Trauma.

2002;52(3):595-600.

Steffee CH, Lantz PE, Flannagan LM, Thompson RL, Jason DR. Oleoresin
capsicum (pepper) spray and “in-custody deaths.” Am J Forensic Med Pathol.

1995;16(3):185-192.

Stein AA, Kirwan WE. Chloracetophenone (Tear Gas) Poisoning: A Clinico-

Pathologic Report. J Forensic Sci. 1964;9(3):374-382.

Thomas RJ, Smith PA, Rascona DA, Louthan JD, Gumpert B. Acute pulmonary
effects from o-chlorobenzylidenemalonitrile “tear gas”: a unique exposure
outcome unmasked by strenuous exercise after a military training event. Mil Med.

2002:167(2):136-139.

Uhde GI. Eye injuries from so-called noncasualty war gases; report of cases. Am

J Ophthalmol. 1948;31(3):323-7.

Vesaluoma M, Muller L, Gallar J, et al. Effects of oleoresin capsicum pepper
spray on human corneal morphology and sensitivity. Invest Ophthalmol Vis Sci.

2000;41(8):2138-2147.

20



48. Viala B, Blomet J, Mathieu L, Hall AH. Prevention of CS “tear gas” eye and skin
effects and active decontamination with Diphoterine: preliminary studies in 5

French Gendarmes. J Emerg Med. 2005;29(1):5-8.

49. Voegeli S, Baenninger PB. Severe chemical burn to the eye after pepper spray

attack. Klin Monbl Augenheilkd. 2014;231(4):327-8.

50. Weinberg MH, Buford CC, Bird IF, Rotov M. The clinical use of chemical mace. J

Med Soc N J. 1970;67(3):101-103.

51. Willoughby CF, llango B, Hughes A. CS gas ocular injury. Eye. 1998;12 ( Pt

1):164.

52.  Winslow JE, Hill KD, Bozenman WP. Determination of optimal methods of
decontamination after tear gas and pepper spray exposure. Ann Emerg Med.

2006;48(S51).

53. Yih JP. CS gas injury to the eye. BMJ. 1995;311(7000):276.

54. Zollman TM, Bragg RM, Harrison DA. Clinical effects of oleoresin capsicum
(pepper spray) on the human cornea and conjunctiva. Ophthalmology.

2000;107(12):2186-2189.

Other cited references:

A. Report of WHO Group of Consultants. 1970. Health aspects of chemical and

biological weapons : report of a WHO group of consultants Geneva: World Health

21



Organization (Accessed at URL - http://apps.who.int/iris/handle/10665/39444 on

Sep 14, 2015)

. Convention on the Prohibition of the Development, Production, Stockpiling and
Use of Chemical Weapons and on Their Destruction (English-Language
Version). 2005. ORGANISATION FOR THE PROHIBITION OF CHEMICAL
WEAPONS (OPCW). Printed and distributed by the Technical Secretariat of the

OPCW (Accessed at URL - https://www.opcw.org/chemical-weapons-

convention/download-the-cwc/ on Sep 14, 2015)

. Isaacs S. Police recruits to move into force after pepper spray exercise. The
Commonwealth Times. Published April 3, 2013. Accessed at URL -

http://www.commonwealthtimes.org/2013/04/03/police-recruits-to-move-into-

force-after-pepper-spray-exercise/ on December 16, 2015)

. Kirby P. SPICING UP THE TRAINING: Police recruits learn to deal with pepper
spray (video). Daily Freeman News. Published September 10, 2012 (Accessed at

URL - http://www.dailyfreeman.com/article/DF/20120910/NEW S/309109990 on

December 16, 2015)

. Office of Court Management, Massachusetts Trial Court, Security Department.
Massachusetts Trial Court Officer Academy - Frequently Asked Questions.

Boston MA. (Accessed at URL - http://www.mass.gov/courts/court-info/trial-

22



court/exec-office/ocm/court-officer-training-academy-fags.html#14 on December

16, 2015)

. Weissmann J. Judge OK’s Use of Pepper Spray in Police Training - The BLT:
The Blog of Legal Times. Blog Leg Times.Published Mar 16 2009. (Accessed at

URL - http://legaltimes.typepad.com/blt/2009/03/judge-oks-use-of-pepper-spray-

in-police-training-.html on December 16, 2015)

. Chapman, D (Staff Sgt.). MPs Fight Through Pepper Spray Training.

www.Army.mil. Published Aug 8, 2011. (Accessed at URL -

http://www.army.mil/article/63160/MPs Fight Through Pepper Spray Training/

on December 16, 2015)

. McCullough, C (Staff Sgt.). Arrowhead MPs exhibit resolve during pepper spray

training. www.Army.mil. Published Feb 26, 2014. (Accessed at URL -

http://www.army.mil/article/120862/Arrowhead MPs exhibit resolve during pep

per ___/ on December 16, 2015)

Callahan, M (Sgt.). Marines’ pepper spray training brutal but necessary law
enforcement exercise. Non-Lethal Weapons Program. US Department of
Defense. Published Mar 12, 2015. Marine Corps Air Station Futenma, Japan
(Accessed at URL -

http://inlwp.defense.gov/PressRoom/InTheNews/tabid/4777/Article/580437/marin

es-pepper-spray-training-brutal-but-necessary-law-enforcement-exercise.aspx

on December 17, 2015)

23



J. Doty, SR (Tech. Sgt.). Level One Oleoresin Capsicum Contamination. Air
Education and Training Command. Published Mar 04, 2015. (Accessed at URL -

http://www.aetc.af.mil/News/ArticleDisplay/tabid/136/Article/578843/level-one-

oleoresin-capsicum-contamination.aspx on December 17, 2015)

K. National Institute of Justice Technology Assessment Program. March 1994.
Oleoresin Capsicum: pepper spray as a force alternative. Washington DC U.S.

Dept of Justice. (accessed at URL www.ncjrs.gov/pdffiles1/nij/grants/181655.pdf

on Dec 12, 2015)

L. U.S. Army. Treatment of chemical agent casualties and conventional military
chemical injuries. U.S. Army FM 8-285. Falls Church VA:HQDA (DASG-HCD).

1990 (Accessed at URL http://www.public.navy.mil/surfor/documents/p 5041.pdf

on Dec 12, 2015)

24



Table 1: Studies on ocular effects of chemical agents: chloroacetophenone (CN), o-chloro-benzylidene malononitrile (CS), and
oleoresin capsicum (OC).

Author Year | Agent Subjects Setting Ocular Complications Ot_her_ Treatment
complications
29 year old 30 minute exposure Conjunctival injection Death due to
Stein* 1964 | CN )r/nan to tear gas grenade I miosisj : pulmonary N/A
in closed room edema
Sprayed from 3 gal Corneal epithelial defect .
Uhde*® 1948 CN Zosﬁ?gligfld decontaminating that recovered within 24 None reported Holrg:')a/'[rz?kl)r;ignd
apparatus hours 0
Second Accidental detonation Permanent blindness in
. of grenade at close None reported N/A
lieutenant both eyes
range
Large epithelial abrasion
initially with stromal edema
26 vear old Spraved from less and cells in the anterior Topical atropine
Oksala®*® | 1975 | CN y pray chamber. Punctate None reported and
man than 1 meter N ,
epithelial defects and chloramphenicol
vague opacities in the
stroma at three weeks
Total epithelial defect that Atronine
36 year old Sprayed from less took 30 days to heal, pine,
. None reported | chloramphenicol ,
man than 1 meter pseudo-pterygium and ' .
. . and corticosteroid
conjunctival scar
40 year old Sprayed at near Tot_al gplthellal defect, Atroplne,_
d opacity in corneal stroma None reported | chloramphenicol ,
man distance . .
at 3 weeks and corticosteroid
Total epithelial defect that Atronine
27 year old healed after 23 days, small pine,

metal worker

Sprayed at 50 cm

corneal opacification
present at 4 months

None reported

chloramphenicol ,
and corticosteroid

Near range shot from

Large epithelial abrasion,

Atropine,

42 year old spra cloudiness in the stroma None reported | chloramphenicol ,
pray for 4 weeks and corticosteroid
Powder particle embedded .
. Atropine,
40 year old | Near range shot from in the cornea, total '
. e None reported | chloramphenicol ,
man tear gas pistol epithelial defect that

healed in two weeks

and corticosteroid




3 cases of confluent
punctate corneal staining
for 124 to 21 days, 1 case

Confusion, loss
of recent
memory, and
dysequilibrium

37 i At
Rose 1968 CN 12 Cases Mace exposure of peripheral superficial compatible with Irrigation
corneal stromal opacity at methyl
5 months chloroform
toxicity
. One of the rabbits
Rabbit 3 rabblt_s sprayed at 6 developed a dense scar in
inches ) i
the line of vision
18 vear old Pistol fired at close Dense opacities of both Atropine,
Midtbo** | 1964 CN ybo range and the entire cornea leading to chloramphenicol,
y charge hit the face blindness in both eyes and penicillin
Indiscriminate use of
5 CNand | 33yearold CS and CN in prison acla‘:aea;hegfo?i;ci)ng
Chapman’ | 1977 (6 CN grenade, 14 "red eyes"
Cs male S laryngotracheo-
CN projectiles, and bronchitis
0.4 L of 8% CS gas)
Rabbit 0.1 ml of liquid Mace | Lasting corneal opacities in
applied to eye. Four anesthetized group
with anesthesia and
a1 four without
Macleod 1969 CN Monkey Direct instillation, Dense corneal opacities in
close range (4 cm), close range, streaks of
and long distance (6 melanin pigments on the
feet) cornea in direct instillation
6 (2 hit by lllegally obtained CS Slight conjunctival No respiratory or Ventilation with
Kiel”’ 1997 CSs spray sprayed in to a public | injection, periorbital skin P y electric fans, no
. dermal sequelae e
directly) house undamaged irrigation
One asthmatic Irrigation with
2 8 males 15 Exposed at a Irritation improved with . saline, air
Breakell 1998 CSs . L required ; .
females crowded night club irrigation nebulizer evaporation did

not help




Mace used for

Cold water
flushing of the
eyes and skin

Weinberg® | 1970 Cs 44 patients behavioral control at None reported None reported followed b
psychiatry ward owed by
examination by a
physician
All had cough
and shortness of
breath, five had
CS exposure during hemoptysis, four
Thomas® | 2002 Cs 9 marines strenuous military None reported required ICU
training admission for
hypoxia, all
recovered after
72 hours
Multisystem
hypersensitivity
g reaction to CS
Hil® | 2000| cs | 30vearold | Sprayed heavily with that lasted 6
man Mace in prison
months and
required an ICU
admission
. Dexamethasone,
Severe chemical burn, neomvein. and
corneal erosion for three olvm yin f,or WO
weeks, pseudo-pterygium P )\//ve)gl((s and
Voegeli® | 2014 ocC 49 year old Intoxicated, sprayed with corneal None reported svstemic
9 man at short distance neovascularization at four P trea}[/ment with
weeks, persistent .
Lo MRS : tetracycline and
conjuctivalization at six itamin C f
months vitamin C for ten
days
All showed long lasting,
deep corneal and
Two OC, one mock conjunc'glval erosion that
Holopainen spray, one resolved in weeks/months.
20 2002 ocC Four cases . 2 . One found to have corneal
unidentified Russian :
nerve damage via confocal
pepper spray

microscopy. No permanent
change in VA. Two
complained of dry eyes




Immediately Polymyxin-
handcuffed after Permanent decline in VA bacitracin
Epsteinlo 2001 oC One case be_ing sprayed, _ due _to irregula_r ointmen_t,
receiving no ocular astigmatism associated tobramycin-
irrigation for more with corneal opacity dexamethasone
than 9 hours drops
o 21 year old Pepper spray to the 1 mm x 4 mm corneal ulcer erytL?glni?/lcin
Shimada 2012 oC mllltary police face during a drill that resolved with scopolamine, and
officer treatment o
artificial tears
Focal epithelial cell
damage that healed within
1 day, Transient decrease .
Vesaluoma Volunteers sprayed in corneal sensitivity, V\\:vﬁg?irmtgo?gd
47 2000 oC 10 volunteers | with OC spray at 1.5 Abnormal spiral like sub for 5 to 15
-2.5cm basal plexus was seen in a .
. . minutes
cornea of a police officer
who was previously
exposed to OC 15 times.
VA unaffected, corneal Water irrigation
Sprayed at 1 meter | sensitivity decreased at 10 along with
Zollman> | 2000 oC 47 cadets during training min and 1 hr, At 1 week artificial tear drop,
exercise corneal sensation and slit topical anesthetic,
lamp exam normal or topical NSAID
Chart review of
Brown® 2000 ocC 100 cases PEPPET Spray Corneal abrasion in 7%
exposure between
1994 and 1996
Retrobulbar combined with
topical capsaicin for 3
Gallar? | 1968 | OC Rabbit weeks delated epithelial
migration rate and wound
closure times
Topical
Conjunctival necrosis and fluorometholone
epithelial defect that acetate,
Das® 2005 oC & )r/r?:rrl old Expoz::z;o OC healed in 1 week. Subtotal ascorbate, citrate,

corneal epithelial defect
that healed in 2 weeks

atropine sulphate,
and
chloramphenicol




96 people,

Exposure to OC

Rasier® | 2014 oC 82 ha_d spray during Gezi Unprotecte_d group had
protective lower Schirmer results
Park protests
goggle
Significant conjunctival
Gerber | 2011 oc 2 year old Accidental ocular OC proliferation that was _ Surgical excision
boy exposure refractory to treatment with

corticosteroids




