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Executive Summary: While the U.N. Chemical Weapons Convention bans tear gas and other
chemical weapons from use in war, their use is still allowed in domestic policing. Public concern
about tear gas utilization increases when social justice protesters are subjected to these
chemical demonstration control agents. The history of tear gas utilization by law enforcement
in the U.S. is rife with corruption and racist intent. Furthermore, the scientific evidence
supporting the safety of tear gas is lacking due to both the misinterpretation of public health
studies and the paucity of controlled experiments. We find that the current utilization of tear
gas is a threat to public health, free speech, and possibly falls outside of the exception for
domestic use. We discuss policy alternatives that include alternative crowd control methods,
changes to protocols for tear gas deployment and post-use review, increased regulatory
oversight, and the possibility of a complete tear gas ban.
I. Introduction
Tear gas has long been used as a method of crowd
control in the U.S., and its use in 2020 was especially
prevalent (Lai, Marsh, and Singhvi 2020). Though
banned from use in war by the 1925 Geneva Protocol
(Protocol for the Prohibition of the Use in War of
Asphyxiating, Poisonous or Other Gases, and of
Bacteriological Methods of Warfare (Geneva Protocol)
1925; “Customary IHL - Practice Relating to Rule 75 .
Riot Control Agents” 1993), the use of chemical
demonstration control agents (DCAs) is not
prohibited in domestic policing. Despite its
widespread use in this capacity, there is a scarcity of
information regarding the long-term effects of tear
gas on human health and on the environment.
Current policy is largely based on private safety
determinations by manufacturers and limited posthoc reassessments after the utilization of DCAs.
Therefore, we argue that a revision of the chemical
DCA use policy is needed to protect public health.
The goal of this technology assessment is to
summarize the existing scientific literature on
chemical DCAs while highlighting the gaps in
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knowledge, and to propose policy options to address
the problems associated with DCA use. We will
discuss commonly used chemical DCAs and their
history, briefly summarize the existing scientific
literature, and discuss the unique intersection of the
COVID-19 pandemic, civil unrest and DCA regulation.
We will end by proposing several policy options that
take into account the sparse scientific evidence and
remedy the lack of regulation of DCA use.
i. What are DCAs?
Chemical demonstration control agents (DCAs) are
one method used by law enforcement to alter crowd
behavior. The intention of these agents is to cause
crowd dispersal or to change the crowd’s movement
trajectory. Chemical DCAs are commonly referred to
as tear gas. However, “tear gas” is a blanket term that
refers to a number of different chemical agents that
cause irritation to the eyes, nose, skin, throat, and
lungs, as well as lacrimation (eye-watering). In this
paper, we will use both DCA and “tear gas” to refer to
this group of chemical agents. The most common tear
gas compounds are described below.

JSPG, Vol. 18, Issue 1, March 2021

Journal of Science Policy & Governance
Oleoresin capsicum (OC) is an extract from hot chili
peppers of the genus Capsicum, and is the active agent
in pepper spray, commonly used by law enforcement.
On the Scoville scale, which is used to grade the
concentration of capsaicin in peppers and spicy
foods, tear gas measures around 500,000-2,000,000
Scoville units, which is 400 times greater than a
jalapeno pepper (5,000 Scoville units) (Czarnecki
2003). OC has been found to contain over 100
different compounds, including capsaicin, from which
the irritating properties of OC are derived (Olajos and
Salem 2001a). OC is a waxy, oily substance, and is
combined with an emulsifier like propylene glycol in
order to suspend it in water. It is then pressurized to
make aerosol pepper spray.
Chloroacetophenone (CN), found in the product
Mace®, was developed towards the end of World
War I and was used both by the military and law
enforcement until the 1925 Geneva convention
banned its use in war. It continued to be the primary
tear gas used domestically by law enforcement up
until the 1950s and 60s when CS gas (see below)
supplanted it (Olajos and Salem 2001a).
Chlorobenzylidene malononitrile (CS), named
“CS” after its creators Corson and Stoughton in 1928,
is the most commonly used tear gas today. It is
synthesized in a laboratory setting and replaced CN
as the main tear gas used by law enforcement due to
its higher dispersal and reported lower toxicity
(Tidwell and Wills 2019; Schep, Slaughter, and
McBride 2013a).
Dibenzoxazepine (CR) was developed specifically as
a DCA in the 1950s. It is more potent and less toxic
than CS but also degrades much slower, lingering
longer in the environment (Olajos and Salem 2001a;
Bessac et al. 2009). Similar to CS, it is also a manmade compound.
The common mechanism among these agents is
activation of pain-sensing nerves, known as
nociceptive nerve fibers, which typically serve to
sense damage and harmful stimuli. Activation of
these neurons causes immediate pain and itch,
particularly to the eyes, nose, mouth, skin, and
respiratory tract (Blain 2003). It is important to note
that pain is not the only consequence of activating
these neurons. These cells also locally release
inflammatory factors and neuropeptides resulting in
www.sciencepolicyjournal.org
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a snowball effect of inflammation, which can cause
damage to surrounding cells (Chaudhry and
Rudensky 2013). There are also tissue-specific effects
such as mucus secretion in the nose and a coughing
reflex in the respiratory tract. Inflammation further
exacerbates these responses (Yang and Li 2016).
While these reactions are universal, there is always
some individual variability in physiological
responses to DCAs. It is suggested that neurogenic
inflammation such as that initiated by nociceptors
plays a role in the airway inflammation seen in
respiratory conditions, including asthma (Kim and
Hwang 2013). Additionally, patients with asthma are
hyperresponsive to Substance P, one of the major
neuropeptides released following nociceptor
activation (O’Connor et al. 2004). Thus, some people
may be more sensitive to both the acute and longterm effects of tear gas exposure.
ii. Carrier gases and methods of dispersal
While DCAs are colloquially called tear gases, none of
them exist as gases at normal temperatures and
pressures. CN, CS, and CR all exist as white crystalline
powders at normal temperatures and are dissolved in
organic solvents in order to be dispersed into the air
(Rothenberg et al. 2016a). These carrier chemicals
can be toxic to people, animals, and the environment
(Rothenberg et al. 2016b; “Safety Data Sheet Potassium Chlorate, Lab Grade” 2015; “Safety Data
Sheet - WEST SYSTEM 105 Epoxy Resin” 2019). The
component chemicals of tear gas canisters are often
not disclosed. (Lagoe and Eckert 2020). For example,
in January 2019, a request for information on the tear
gases that Denver police officers use or store was
rejected on the belief that it “would be contrary to the
public interest,” and “could potentially negate [their]
effectiveness” (Waters 2019a). Such refusal to
disclose can interfere with the ability of doctors to
accurately treat patients suffering from the effects of
tear gas exposure.
DCAs are discharged with various dispersal methods,
including aerosolized sprays, paintball-like rounds
and explosive canisters. Different dispersal methods
produce different effects based on distance, intensity
and environmental conditions such as wind speed
and direction. The possibility of harm changes with
each variable, making it difficult to accurately test the
effects of these devices in a laboratory setting and
difficult to assess their safety. (Zekri et al. 1995;
JSPG, Vol. 18, Issue 1, March 2021
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Krause 2001; Schuhmacher 2020; Mashek 2020;
Alhillo et al. 2018).
II. Historical context for tear gas use
The 1925 Geneva Protocol has a specific exception for
domestic use of chemical weapons. The protocol—
officially titled the “Protocol for the Prohibition of the
Use in War of Asphyxiating, Poisonous or other Gases,
and of Bacteriological Methods of Warfare”－
prohibits the use of “asphyxiating, poisonous or other
gases, and of all analogous liquids, materials or
devices” in warfare (Protocol for the Prohibition of the
Use in War of Asphyxiating, Poisonous or Other Gases,
and of Bacteriological Methods of Warfare (Geneva
Protocol) 1925). However, this prohibition does not
extend to the use of chemical DCAs within the borders
of a sovereign nation against its own citizens. Thus,
law enforcement is empowered to use chemical DCAs
for riot control. Chemical DCA policy in the United
States has little grounding outside of historical
pressures and manipulated scientific reports.
Until 1975, the United States made a provision for the
deployment of tear gas in war (especially as used in
the Vietnam War) but reversed that decision after
international pressure (“United States of America :
Ratification of 1925 Geneva Protocol” 1975). The
Chemical Weapons Convention treaty of 1993
clarified the procedures within the Geneva Protocol.
This treaty specifically outlaws the production and
use of chemical weapons. However, the it too still
allows for the use of Riot Control Agents, which it
defines as “any chemical...which can produce rapidly
in human sensory irritation or disabling physical
effects which disappear within a short time following
termination of exposure” (“Customary IHL - Practice
Relating to Rule 75 . Riot Control Agents” 1993)
(emphasis added). Despite being marketed as
temporary, DCAs may have “sensory irritation or
disabling effects” which last beyond a short time
following their dispersal (Arbak et al. 2014).
Therefore, chemical DCAs as currently used might
exceed the scope of the exception provided by the
Chemical Weapons Convention. Current enforcement
of the Chemical Weapons Convention relies on the
Organization for the Prohibition of Chemical
Weapons, but the Organization has yet to publicly
enforce any policy regarding domestic use of
chemical DCAs.
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The cycle of tear gas usage at protests which sparks
international outcry, editorial condemnation and
calls for more scientific study has been seen again and
again, most recently in the summer of 2020.
Contributing to this cycle is the lack of regulatory
oversight and the influence of special interest groups.
Chemical DCA manufacturers face little regulatory
scrutiny, are privately owned and do not have to
report to the public. This is nothing new. Since the
beginning of the popularization of tear gas use for law
enforcement in the United States, private entities
have influenced both national and local policy. Tear
gas was initially popularized by United States General
Ames Fries after he oversaw its usage in World War I.
He saw that this “source of torture” could be
employed by law enforcement as a means of
“maintaining order and power” (Feigenbaum 2018).
Fries himself was endorsed by the Ku Klux Klan and
was fond of using “America First” rhetoric in speeches
(“Tear Gas - Stuff You Missed in History Class” 2020).
General Fries encouraged his fellow veterans to train
law enforcement in the use of tear gas leading to the
militarization of police. Fries was also involved in
creating tear gas production companies, principally
the Lake Erie Chemical Company, from which he
received monetary kickbacks (Feigenbaum 2020;
Jones 1978).
The push to use tear gas domestically was met with
considerable public criticism, especially by veterans
of World War I who described tear gas as inhumane
and hellish (Reid Moir 1922), but General Fries
continued to peddle tear gas for domestic use with
help from lawyers, scientists and publicists to create
compelling propaganda. Tear gas became a go-to tool
for undermining acts of civil disobedience due to its
psychological demoralizing effect and the physical
pain it causes. It has been used throughout history to
quell civil rights protests, exactly as General Fries
wanted. It is relevant to this discussion to remember
that tear gas was engineered as a battlefield weapon
in order to kill, rather than incapacitate, enemy
soldiers (“Tear Gas - Stuff You Missed in History
Class” 2020).
More recently, in February of 1996, former FBI
special agent Thomas Ward plead guilty to a felony
for accepting unlawful monetary kickbacks from
pepper-spray manufacturer Cap-Stun (The New York
Times 1996; Habanero 2003). As former chief of
pepper-spray testing and research at the FBI, Thomas
JSPG, Vol. 18, Issue 1, March 2021
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Ward published a widely circulated article and then
trained many local law enforcement offices in the use
of tear gas, leading to its acceptance in over 3000
departments within a single year. The corrupt and
self-serving actions of these two individuals
contributed to the current narrative of tear gas being
“safe” and to its use by law enforcement.

health impacts to possibly millions of South Korean
citizens. The Physicians for Human Rights
organization concluded that the tear gas use against
South Korean civilians was inhumane, yet more
research never followed (“The Use of Tear Gas in the
Republic of Korea: A Report by Health Professionals”
1987).

i. International tear gas use and regulation
At the international level, no country currently bans
the use of chemical DCAs on its own citizens. In 2011,
as a result of ongoing protests, the Chilean
government temporarily prohibited the use of tear
gas citing public concerns about miscarriages
(Hayman 2011a). However, scientific studies were
inconclusive, mostly due to small sample sizes, and
therefore could not conclusively determine whether
tear gases are an abortifacient (Guerra 2009). Less
than three days later, the Chilean government lifted
the prohibition on tear gas after consulting with the
private DCA manufacturer even though Chile had
previously promised a comprehensive two week
health and safety review before this meeting
(Hayman 2011b). These reports in Chile are in line
with occurrences in 1988, when the United Nations
raised concerns about tear gas after the Israeli
government used it against Palestinians, resulting in
11 deaths and multiple miscarriages (The Pittsburgh
Press 1988).

Recently, France has banned certain types of
chemical DCAs because they contain the explosive
compound trinitrotoluene (TNT) and their usage has
harmed protestors (Breeden 2020). These tear gas
canisters are explosive and have caused shrapnel
injuries, including the loss of hands. The French
government banned this particular model of tear gas,
the GLI-F4, and replaced it with one lacking an
explosive compound. However, France has not made
any policies regarding the use of tear gas on citizens,
which leaves the non-explosive component of tear
gas available to possibly harm civilians and the
environment.

Governments using tear gas against their own
citizens has been occurring for many years, in the face
of international and scientific scrutiny, as well as
national public outcry. One example is July of 1987,
when the government of the Republic of Korea
admitted to have used 351,000 canisters and
grenades of tear gas during the June Democratic
struggle where demonstrations sought to establish a
new democratic election system for the thenauthoritarian government (“The Use of Tear Gas in
the Republic of Korea: A Report by Health
Professionals” 1987; Hiatt 1987). During early
protests, university student Lee Han-yeol was
critically injured when a tear gas canister penetrated
his skull. Lee Han-yeol eventually died from this
injury and became one of the major symbols for
future protests (Jameson 1987). The tear gas usage
continued during the visit of the United States-based
organization Physicians for Human Rights in July of
the same year. The visiting physicians noted both
serious acute illnesses and permanent long-lasting
www.sciencepolicyjournal.org

III. Current landscape of tear gas use in the United
States
Since the adoption of chemical DCAs by law
enforcement departments, the use of DCAs has been
criticized as a threat to free speech and public safety
(Hu 1989; Williams et al. 2020). Most recently, the
killing of George Floyd in Minneapolis, Minnesota by
four law enforcement officers on May 25, 2020
sparked local, national and international protests
against racial inequality and injustices towards
minorities (Taylor 2020). These protests have
received considerable media attention, especially
with respect to both lawful and unlawful use of
chemical DCAs against protestors and declared riots.
As law enforcement departments in the United States
are controlled by different levels of government (city,
township, county, state, federal), each relevant
jurisdiction has had to determine whether to use
chemical DCAs against protestors. Recently, many
cities－Portland, Seattle, Denver, Chicago, New
Orleans, Pittsburgh (Allegheny County), Minneapolis,
and others－as well as state officials in Oregon,
Massachusetts and Michigan have all discussed
urgent policy reforms regarding chemical DCAs (Ness
2020). Despite this attention, no state has passed
legislation banning the use of chemical DCAs, though
some progress is being made in local jurisdictions.
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In June 2020 in the midst of protests, Portland and
Seattle both banned the use of chemical DCAs (Riski
2020a; Kamb 2020). The ordinance passed by the
City of Seattle proclaims that the city ‘supports the
right to freedom of speech and freedom of assembly
as essential democratic rights’ by placing measures
against chemical DCA usage (Seattle City Council Record No: CB 118310 2015). In Portland, a
temporary restraining order was placed upon the
Portland Police Bureau by Chief US District Judge
Marco Hernandez to ban chemical DCAs, and the
subsequent violations of this restraining order by law
enforcement are now being challenged in a lawsuit
(Riski 2020a).
In Seattle, while one US District Judge maintained a
restraining order on chemical DCA use－citing both
improper usage and the present COVID-19 pandemic
－the US Department of Justice blocked Seattle’s ban,
highlighting the hostile legal environment for
changes to tear gas policy (Kroman 2020). In both
cities, law enforcement was able to circumvent the
ban simply by declaring gatherings riots or by using
loopholes designed for SWAT teams in order to use
chemical DCAs. A lawsuit in New York claims that
excessive use of force (which includes improper use
of chemical DCAs) was part of a pattern and partly
due to a lack of proper police training (Griffith 2021).
These cities are an example of the legal battles facing
DCA policy reform (Conteras 2020). Considering the
over 18,000 police departments in the United States,
creating and enforcing chemical DCA law remains a
monumental task. We find that policy regarding the
usage of chemical DCAs is incredibly limited at all
levels of government－international, national, and
local－leaving much room for reform.
As described above, private interests have heavily
influenced the public acceptance of DCA use as well
as DCA regulation and oversight. This influence
contributes to the lacking foundational knowledge of
these chemicals and their long-term health
consequences. A careful review of the available
literature indicates that the DCAs currently in use
might fall outside of the exception for domestic
policing, as their effects do not always “disappear
within a short time.” Chemical DCAs continue to be
used to control crowds through the infliction of pain,
and it is imperative to understand the mechanism
and possible long-term harm of these weapons.

www.sciencepolicyjournal.org

TECHNOLOGY ASSESSMENT: TEAR GAS POLICY
IV. Regulatory oversight of tear gas
In the United States, there is no federal oversight of
the manufacture of chemical DCAs, unlike
compounds such as drugs and pesticides, which are
regulated by the Food and Drug Administration and
the Environmental Protection Agency, respectively
(Carolina 2020). Though some companies may selfregulate to include only FDA-approved or
biodegradable ingredients in their products, this is
not enforced. After contacting the Environmental
Protection Agency, the Centers for Disease Control
and Prevention, the Food and Drug Administration,
the National Institutes of Health, and the Bureau of
Alcohol, Tobacco, Firearms and Explosives,
journalists from the Associated Press found that no
agency claimed oversight over tear gas (Selsky 2020).
Instead, the agencies deflected responsibility
between each other, with the EPA referring
responsibility to the CDC, and the CDC citing the EPA
as the regulator. Regulation of these products seems
to be a metaphorical hot potato: the agency
responsible for oversight is either not aware of their
responsibility, or there is simply no legislation or
enforcement.
Though they do not regulate its production or use, the
EPA does set Acute Exposure Guideline Levels
(AEGLs) for CS. AEGLs are the air concentrations at
which chemicals will have health effects on
unprotected civilians (Acute Exposure Guideline
Levels for Selected Airborne Chemicals 2014).
However, these recommendations are not used for
regulatory purposes. Rather, their purpose is to guide
emergency planners and protect responders upon
release of chemicals into the air. The concentrations
are demarcated as: AEGL-1 (notable discomfort and
non-disabling irritation), AEGL-2 (long-lasting
adverse health effects or impaired ability to escape)
and AEGL-3 (life-threatening health effects or death).
The EPA states that there is no concentration at which
CS can be anything less than AEGL-2, the
concentration at which it is “predicted that the
general population, including susceptible individuals,
could experience irreversible or other serious, longlasting adverse health effects or an impaired ability to
escape.” It lists the AEGL-2 for CS at 0.083mg/m3
(Acute Exposure Guideline Levels for Selected Airborne
Chemicals 2014)(Table 1). This determination is in
direct conflict with most other descriptions of CS,
which describe its effects as short lived and nondebilitating.
AEGL-3,
the
life-threatening
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concentration of CS is 140mg/m3 for a shorter than
10 min exposure, and just 1.5mg/m3 if exposed for 4
or more hours.
It is difficult to control the level of CS or any other DCA
in the air once deployed, as the air concentration
depends on a multitude of factors, including the
number of units deployed, the size of the area (i.e.,
open or enclosed space), and the concentration of the
chemical agent in the product. The concentration
range of active ingredients in chemical DCA products
can vary, and the lack of oversight means that
companies can make their own determination about
the chemical formulas and intensities included in
their products. The EPA has not set AEGLs for OC, CN,
CR or any other tear gas.
Without any agency claiming regulatory oversight, it
is difficult for civilians, doctors, or scientists to know
the chemical composition of DCAs and their carrier
gasses. DCAs are banned in war per the 1925 Geneva
Protocol and 1997 Chemical Weapons Convention,
and yet there is no regulatory body responsible for
overseeing the manufacturing of DCAs or their use on
U.S. citizens. We will now briefly review the scientific
literature available on the effects of chemical DCAs on
human health and the environment.
V. Review of health and environmental effects of
DCAs
i. Animal studies on chemical toxicity
Chemical safety testing of DCA’s has historically
relied heavily on animal models to assess the hazards
that manufactured chemicals may have on human
health and the environment. While these studies can
yield powerful insights into the toxicity of new
compounds, they are limited in that they cannot fully
recapitulate either the biological or environmental
contexts of human exposure. Overall, animal research
has demonstrated that at best DCA’s are potent
peripheral sensory irritants that can cause adverse
respiratory and sensory reactions in those exposed
and, at worse can be lethal at the highest doses and
longest exposure times. However, these studies cause
an immense amount of pain, discomfort, and death in
experimental animals. Animals are exposed to
extraordinarily high concentrations of DCA’s in order
to determine the toxic effects and therapeutic
window (the dose at which tear gas causes
discomfort but not death) of various DCA’s.
www.sciencepolicyjournal.org
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Additionally, the various aerosolization methods of
DCA’s are not necessarily studied despite the
potentially toxic compounds that are released via
pyrotechnic
(thermal
and
smoke
based
aerosolization)
versus
pure
compound
aerosolization, which leaves an astounding lack of
understanding of the severity of health effects that
may occur from DCA exposure.
There is an overall dearth of basic research
evaluating the toxic effects of tear gas compounds
following the 1990’s, despite evolving components of
DCA chemicals and dispersal techniques. This lack of
continued basic research is in part due to the creation
of the Institutional Animal Care and Use Committee
(IACUC) in 1986, which is responsible for the
oversight of animal care in research (“The
Institutional Animal Care and Use Committee” 2015).
To inflict pain on animals in research, a scientist must
have a justifiable reason that will be of benefit to
human health or well-being (i.e., studying and
identifying pain receptors that lead to the
development of medicine to alleviate chronic pain in
humans). The lack of continued basic research on
chemical DCA’s and aerosolization methods can likely
be attributed to the stringency of the IACUC
guidelines and the lack of a justifiable human benefit
that would come from exposing animals to the painful
effects of chemical DCA’s.
Therefore, new research on the toxicity of chemical
DCA’s cannot be ethically conducted on vertebrate
animals, as it would not lead to a justifiable benefit to
human health or any mechanistic insight into disease.
In this context, the usage of these compounds on
humans should cease entirely. This is especially true
because the scientific community cannot accurately
gauge the health risk of acute, prolonged, and
repeated exposure to tear gas and therefore these
compounds carry a high and unnecessary amount of
risk to our population.
ii. Health effects of DCAs in human studies and
incidental exposures
In humans, the acute effects of DCA exposure are
similar to the effects documented in animal studies—
eye redness, runny nose, cough, shortness of breath,
phlegm, and chest pain (Karagama, Newton, and
Newbegin 2003; Arbak et al. 2014; Kearney et al.
2014; Ilgaz et al. 2019). However, few studies
systematically and rigorously analyze their long-term
JSPG, Vol. 18, Issue 1, March 2021
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health impacts. Furthermore, while physical health is
the primary focus of most studies, mental health can
also be impacted. Few studies have been conducted
on the psychological effects of DCAs, but posttraumatic stress, anxiety, and panic can all be
persistent psychological responses to exposure
(Nathan et al. 2003; Alhillo et al. 2018; Haar, Iacopino,
Ranadive, Weiser, et al. 2017). Drawing conclusions
from the small pool of published studies that do
analyze long-term effects is challenging due to the
widely varied methods of DCA exposure and the
largely non-representative subject pool used in the
testing.
Many studies utilized people who had been
incidentally exposed to DCAs, such as while attending
a protest, and relied on individual recollections of
health events. Still, the studies indicate that
respiratory problems often occur in the days or
weeks after DCA exposure and have the potential to
linger for 10 months or longer (Arbak et al. 2014;
Dagli et al. 2014; Karagama, Newton, and Newbegin
2003). These persistent symptoms included
worsening of asthma, decreased exercise tolerance,
and coughing. Interestingly, chest pain was more
often listed as a symptom more than 24 hours after
DCA exposure, rather than immediately after
exposure, in multiple studies (Wheeler et al. 1998;
Ilgaz et al. 2019). This delay in symptom onset could
confound studies that only assess acute responses or
rely on self-reporting, and lead to an underestimation of the health impacts. The wide range of
DCA exposure durations, instances, intensities,
weather conditions, and deployment methods in
human studies further complicates extrapolation
from their findings. These variables make
comparison between reports on DCA safety difficult
(Arbak et al. 2014; Karagama, Newton, and Newbegin
2003; Dimitroglou, Rachiotis, and Hadjichristodoulou
2015).
Some of the most well-controlled DCA studies come
from the U.S. Army, where recruits are exposed to CS
during basic training to ensure they are competent in
the use of respirator masks (Hout et al. 2014). A
mixed-sex cohort of 6,723 trainees was exposed to
similar amounts of CS gas, and their likelihood of
reporting acute respiratory illness following
exposure increased by 244% compared to the week
prior to exposure. Nonetheless, crucial information
such as the recruits’ sex, smoking status, age, and the
www.sciencepolicyjournal.org
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length of CS gas exposure were not provided by the
study. While army recruits might be a more
homogenous group in terms of age and physical
fitness, with the majority being early-20s white males
(“Military Recruitment 2010” 2011), most crowds
exposed to DCAs have a more variable composition of
individuals.
Sex, smoking status, pre-existing health concerns,
and age are all important characteristics that might
influence a person’s likelihood of developing longterm health complications or even death in response
to DCA exposure (Arbak et al. 2014; Kearney et al.
2014). While relatively rare, deaths have occurred
due to DCA exposure. Those deaths usually occurred
directly or in conjunction with pre-existing asthma,
which was triggered or exacerbated by the exposure,
or by triggering a stroke or heart attack (Toprak et al.
2015; New York Times 1995; Zakhama et al. 2016;
Olajos and Salem 2001b; Çil et al. 2012). Despite the
importance of accounting for diverse populations,
most of the available studies were done on generally
healthy
males,
neglecting
other
groups.
Consequently, the level of DCA exposure required to
elicit symptoms, toxic effects, and lethal outcomes
has not been well established, especially among
diverse populations (Haar, Iacopino, Ranadive,
Weiser, et al. 2017).
There are conflicting opinions about the safety of
DCAs due to conflicting evidence about the long-term
effects of DCA exposure (Karagama, Newton, and
Newbegin 2003; Schep, Slaughter, and McBride
2013b; Arbak et al. 2014). Despite these differences,
many experts agree that new data are needed that
rigorously test the long-term effects of newer DCAs
on a variety of human populations (Rothenberg et al.
2016b; Arbak et al. 2014; Ilgaz et al. 2019; Unuvar et
al. 2013; Olajos and Salem 2001a; Dimitroglou,
Rachiotis, and Hadjichristodoulou 2015; Zakhama et
al. 2016). Despite these persistent calls, few new
studies have been conducted, and these substances
continue to be used (Lai, Marsh, and Singhvi 2020).
Only with more complete data can tear gas
conclusively be called “safe” and “less-lethal” (Ilgaz et
al. 2019). However, the data currently available
indicate the persistence of more severe and longlasting health impacts than are currently widely
acknowledged. With animal studies unlikely to
provide a direct benefit for human health, it is hard to
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justify purposefully exposing human subjects to these
substances for research purposes.
Despite the paucity of basic research evaluating longterm health effects following sub-lethal chemical DCA
exposure, we are not advocating for further studies
that purposefully expose study participants to these
chemicals. Instead, health and research professionals
should invest in monitoring the health status of
individuals that have been incidentally exposed
either acutely or repeatedly to chemical DCA’s. This
observational post-hoc analysis would allow realistic
assessments of the immediate and prolonged health
effects that occur following chemical DCA exposure
without necessitating inhumane research on humans
or animals (Kaske et al. 2021). Chemical DCA’s were
created to immediately disable opponents in war,
they serve no benefit to human health and wellbeing
and therefore cannot justifiably be studied.
iii. Environmental effects of DCAs
As in the case of human health, the effects of tear gas
on the environment are understudied and concerning
(“Safety Data Sheet - CS Pellets” 2013; “Safety Data
Sheet - First Defense Stream OC Aerosol” 2018).
Several key properties of DCAs make them
particularly alarming from an environmental
perspective, including their uncontrollable spread,
their potential to accumulate in soil and water, and
their toxicity to plant and animal life.
Once deployed, DCAs cannot be controlled and often
spread to affect unintended areas and people. Recent
reports exist of gases invading nearby homes and
forcing people to evacuate (Riski 2020b). CS has been
found in snow up to 30 days following deployment
and 70 meters (230 feet) away from the grenade
detonation (Johnsen et al. 1985).
Research on the effects of DCAs as soil and water
pollutants is sparse. However, the known literature
on the subject suggests that DCAs are harmful to
plants and animals and may persist in the
environment for a long period of time. Both CS and its
principal decomposition components have toxic
effects on flora, causing leaf damage and reduced
growth (Morrison, Dralle, and Demaree 1974;
Worthley 1971). Malononitrile, a product of CS
degradation, is classified as being as toxic as cyanide
(Keller, Elves, and Bonnin 1986). CS is highly soluble
in water, meaning that it can easily leech into bodies
www.sciencepolicyjournal.org
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of water near the deployment area. Even at relatively
low concentrations in water, toxicity to fish species
has been reported (Keller, Elves, and Bonnin 1986).
According to European Union regulations, CS pellets
are classified as “harmful to aquatic life with longlasting effects”, and “may cause adverse effects in the
aquatic environment” (“Safety Data Sheet - CS Pellets”
2013). Though not thoroughly studied, the available
evidence suggests that CS has detrimental and longlasting effects, especially to aquatic habitats.
Efforts to mitigate any potential harm to the
environment by DCAs are made difficult both by the
lack of research on these compounds and reluctance
on the part of police departments to release
information on the products they use. Safety Data
Sheets (SDS) contain information about the potential
and known hazards that chemicals pose, as well as
information on responsible handling, disposal, and
treatment. Frequent blank entries in the SDSs of
common DCAs highlight the scarcity of information
on the effects of these chemicals on human and
environmental health. For example, Defense
Technology Oleoresin Capsicum Solution 0.2%,
which is used by the Minneapolis Police Department,
is described on its safety data sheet as having “no
relevant information available” for the following
fields: subacute to chronic toxicity, repeated dose
toxicity,
aquatic
toxicity,
persistence
and
degradability, bioaccumulative potential, and
mobility in soil.
Furthermore, the identities of the specific compounds
used by law enforcement are often purposefully
concealed from the public because it is tactically
advantageous for police departments to obfuscate
this information (Waters 2019b; Lagoe and Eckert
2020). Such refusals amplify the difficulty of
monitoring or ameliorating the accumulation of
potentially harmful chemicals in the environment.
In sum, few experiments have been conducted to test
the effects of DCAs on the environment and there are
significant concerns about their accumulation in soil
and water. Environmental exposure mitigation
efforts and cleanup efforts are made more difficult by
police departments’ refusals to release information
on the specific compounds they use on the public.
Even if environmental accumulation of these
chemicals proves to not have a direct effect on
humans, the potential long-lasting effects on aquatic
JSPG, Vol. 18, Issue 1, March 2021
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life and local flora themselves warrant cessation of
their use at least until full investigations can be
completed. Based on the available scientific evidence,
and lack thereof, we propose several alternative
policies for the regulation and oversight of DCA use to
better protect the environment and human lives.
VI Policy options
i. Implement de-escalation procedures to decrease DCA
deployment
Modification of deployment protocols to increase
communication is one policy option to decrease DCA
misuse and minimize injury. Tear gas not only
presents several health hazards, but it is a technology
that is frequently misused by police and used in an
abundance of situations that would not be recognized
as riots (Temple-Raston 2020). Prior to using tear gas
as crowd control, police should be mandated to use
de-escalation methods, reserving tear gas as a last
resort when other verified methods of non-lethal
crowd de-escalation and dispersal techniques have
been tried. De-escalation includes “tactics and
techniques used by officers, when safe and feasible
without compromising law enforcement priorities,
that seek to minimize the likelihood of the need to use
force during an incident and increase the likelihood
of voluntary compliance” (Diaz 2020a). While this
seems straightforward, recent events have shown
that a clear and precise protocol needs to be
developed that can be easily adopted by different
municipalities to aid in understanding how and when
to use crowd de-escalation techniques vs. chemical
DCA’s. The adoption of such a protocol would
minimize the likelihood of violence and promote
thoughtful resolution to community/police conflicts.
The newly adopted Seattle PD De-Escalation Policy
(Diaz 2020b), combined with the Madison Method
(Marcou 2011), can be used as a template for other
police departments around the country. The Seattle
PD de-escalation protocol lays out four de-escalation
tactics to be adopted during unrest including:
communication, time, distance and shielding. We
suggest adding aspects of the Madison Method to this,
including a recognition from officers that it is their
job to facilitate and protect the public’s right to freely
speak and assemble, to protect people first and
property second, and to engage with protest
participants before, during and after demonstrations
(Marcou 2011). The following section will include a
www.sciencepolicyjournal.org
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summary of these tactics to inform future protocol
development.
First, communication should be used before, during,
and after protests. Police should engage with
organizers and participants of protests, when
possible, to determine the protest gathering route
and purpose. By engaging with the community in this
way the police can act as facilitators and protectors of
the First Amendment and not opposition actors.
Additionally, building this relationship beforehand
can be useful when attempting to gain voluntary
compliance for crowd dispersal in the event protests
turn to riots. Use of voluntary compliance for crowd
dispersal includes verbal persuasion (not including
threats of force) and clear instructions for dispersal.
Communication
also
involves
thoughtful
consideration of why non-compliance or resistance is
occurring such as: the immediate environment,
medical conditions, mental impairment, physical
limitation or language barriers. One amendment that
should be added to this section of the protocol is to
utilize community leaders in communication with
crowds. Placing community “consultants” on police
task forces who can engage with crowds before and
during protests in a less threatening and more
equitable manner than police, may help facilitate
more expedient crowd dispersal when necessary.
When crowd dispersal becomes necessary, officers
need to supply time to protestors for evacuating
premises. Providing a clear and allotted amount of
time before police escalation to dispersal tactics may
help stabilize situations more effectively, giving
officers more options for resolving the incidents.
During this allotted time police may call for extra
resources, such as designated social workers who are
trained in non-lethal techniques of de-escalation and
who can better identify people that are under the
influence of drugs or who may have mental
impairments. Additionally, social workers are more
accustomed to working as partners within the
communities they serve.
Third, distance and shielding are recommended.
Distance involves maximizing tactical advantage by
increasing
distance
between
police
and
demonstrators to allow for greater reaction time.
Distance can also decrease the threat perceived by
the crowd from police and thus may decrease the
amount of turmoil and violence that results. Shielding
JSPG, Vol. 18, Issue 1, March 2021

Journal of Science Policy & Governance
involves placing barriers between uncooperative
subjects and officers and using natural barriers in the
environment (such as buildings). While shielding is a
useful strategy to protect officers it can also lead to
roadblocks, cutting off points of access or escape for
crowds. This can be especially detrimental if tear gas
is eventually used, as clear escape routes need to be
available (Kirby 2020).
Lastly, an effective protocol will need to include ways
to remove violent members of a demonstration
without threatening the right of the group to
assemble and protest. This could include targeted
arrests of individuals observed by at least two officers
committing a crime (e.g., breaking and entering,
arson, assault). Additionally, if tear gas becomes an
absolute necessity to disperse a crowd, there should
be a trained individual who works in tandem with a
community leader to make the call of when to use
“less-lethal” force in a controlled and safe way,
without excess. Police also need to be held
accountable for not only following a de-escalation
protocol prior to “less-lethal” force, but also for
notifying the public prior to tear gas use, for ensuring
that protesters have a safe means of escape from tear
gas exposure, for not using tear gas in excess and for
rendering medical aid after dispersal (“5-300 Use of
Force - City of Minneapolis” 2020a).
While the creation of a protocol can be an effective
first step in ensuring that DCAs are used
appropriately, it cannot completely rectify DCA
misuse by police. It must be considered that some
police forces may refuse to adopt a general protocol
or will be difficult to be held accountable for following
the protocol properly. We too often see police actions
cause an escalation of peaceful protests into violent
riots (Buford et al. 2020). The adoption of a deescalation protocol that protects the First
Amendment right to gather and protest, could be an
essential step to protecting communities and police
forces, and in reducing the community and
environmental impact of incorrect tear gas use. To
further ensure the effectiveness of the recommended
protocols, enforcement and transparency will also be
needed.
ii. Create enforcement protocols for the responsible use
of DCAs
Increasing the enforcement of pre-existing protocols
and creating additional oversight would promote
www.sciencepolicyjournal.org
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police accountability while decreasing DCA misuse.
Many of the preventable issues caused by DCA use are
rooted in breaches of police protocol, or misuse of the
agents themselves. For example, Minneapolis Police
Department policy dictates that officers “shall
exercise due care to ensure that only intended
persons are exposed to the chemical agents”, and that
officers should administer post-exposure treatment
to those exposed to the agent, including either
removing the person from the affected area or rinsing
their eyes and skin with cool water (“5-300 Use of
Force - City of Minneapolis” 2020b). As we have
described, DCAs affect individuals indiscriminately
due to their gas-like nature, making it nearly
impossible to ensure that only the intended targets
are affected by the chemicals. It is apparent that little
to none of this assistance is given to exposed
individuals by police officers despite the existence of
aid directives. There are even accounts of police
officers directly impeding medics from delivering aid
(Lunsford 2020). Additionally, manufacturers of DCA
canisters warn that the canisters should not be aimed
directly at individuals because of the potential for
serious bodily harm (“3233 - 37MM CS Multi 3, Pyro,
4.9" Long - Combined Systems” n.d.; Smith 2011), yet
police officers do not always take this precaution
(Mashek 2020; Rivas 2020).
Protocols and procedures for tear gas use and its
aftermath, such as the one described above or ones
that are pre-existing, must be enforced in a manner
that ensures compliance and accountability by law
enforcement. These protocols could be enforced by
oversight committees, similar to those already in
place for the discharge of a firearm. An accessible
complaint submission and review process must also
be implemented- one that allows the public to report
instances of misuse and receive updates about the
status of a complaint. This is similar to a ballot
measure that recently passed in Berkeley California,
establishing a new police oversight board with
civilian members (“Berkeley, California, Measure II,
Police
Accountability
Charter
Amendment
(November 2020)” 2020). Such review boards could
increase community involvement in police policy,
increase the accountability of departments to their
communities and build trust.
Formal complaints against police officers’ use of force
often result in inaction. A recent federal report of
almost 1000 police departments in 2015 reported an
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average of 7% of complaints being sustained,
indicating that few cases present sufficient evidence
to warrant disciplinary action against an officer
(Jacoby 2019). Although the U.S. Attorney General’s
Office is required to collect data on police use of force
under the Violent Crime Control and Law
Enforcement Act Section 210402 ([D-TX-9] 1994),
there is no federal oversight and therefore little
structure for how such complaints are recorded. The
process of submitting complaints against officers for
inappropriate use of force is often confusing,
inaccessible, and ineffective (Sawyer and Jany 2020).
The process of filing and the outcome of each
complaint should be made more easily available to
the public, increasing the accountability of the police
department and individual law enforcement agents.
Even with increased oversight of the use of DCAs and
increased transparency into the complaint and
oversight process, punitive actions against offending
officers is not a guarantee. Eliminating or heavily
altering qualified immunity is a complex issue that is
beyond the scope of this paper but is one option for
ensuring better accountability for harmful actions.
Qualified immunity is a doctrine that protects
government officials from monetary suits when
violating constitutional rights, as long as their actions
did not “violate clearly established statutory or
constitutional rights of which a reasonable person
would have known” (Sobel 2020; Harlow v. Fitzgerald
1982). When applied to police officers who are being
sued for an excessive use of force, lower courts often
dismiss lawsuits due to a lack of legal precedent from
significantly similar examples of police brutality, or
“clearly established” precedent (Totenberg 2020;
Chung et al. 2020). Holding police officers
accountable for the misuse of DCAs or mistreatment
of the public following their deployment would
therefore only be effective and lead to punitive action
if qualified immunity doctrines were revised.
Police officers, unions and associated lobbying
groups may see these new policies and accountability
measures as hindering their ability to use non-lethal
force and would likely resist such changes. However,
increasing accountability for the misuse of DCAs
against citizens would help to deter police and
commanding officers from using excessive force, or
from using DCAs incorrectly. Although altering the
qualified immunity doctrine would take time, legal
battles and a significant investment in administrative
www.sciencepolicyjournal.org
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overhaul, it would increase accessibility and
transparency in the complaint process and further
ensure compliance with existing procedures.
Ensuring that police protocols emphasize the need to
provide aid to individuals affected by DCA
deployment and increasing the enforcement of these
protocols may increase the public’s trust in police
officers and reduce the potential for harm on all sides.
While issues of race in policing are not the main focus
of this article, it is within our scope to consider
disparities in the use of chemical DCAs. A new study
of police treatment of protestors found that leftleaning protestors were more likely to be arrested
than right-leaning protestors. Even when accounting
for the number of protests held, left-wing protestors
were arrested more than twice as much as right-wing
protestors (Wood 2020). This article was published
after the Black Lives Matter protests swept the
country, but before insurrectionists stormed the U.S.
Capitol. The difference in police response—where
peaceful protestors can be gassed to clear the way for
a photo op, but insurrectionists destroying the seat of
our democracy largely were not—can be easily
compared (Beckett 2021). Police culture and bias
impact how police targets are treated and both race
and political affiliation contribute to un-equal and
inappropriate use of force. It is therefore important to
acknowledge that chemical DCAs were originally sold
with the subtle message that they were useful in
quelling the voices of people of color. Creating review
boards made of community members to review
police policy and discipline is one possible way to
help address these issues.
iii. Ban chemical DCAs during the current COVID-19
and future respiratory pandemics
A temporary ban on DCA deployment during current
and future respiratory pandemics could help prevent
the spread of disease. Phlegm, coughing, shortness of
breath, and other respiratory issues are all possible
health concerns after exposure to DCAs. While this is
concerning enough on its own, it cannot be
overlooked that at the time of this article, the world is
in the grip of the COVID-19 pandemic and social
justice movements are incredibly active. The Centers
for Disease Control lists cough and difficulty
breathing as symptoms of COVID-19 (CDC Centers for
Disease Control 2019). For many patients, the
assistance of a ventilator is needed (Richardson et al.
JSPG, Vol. 18, Issue 1, March 2021
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2020) and even then, many still die due to respiratory
failure (Ruan et al. 2020). Using DCAs can contribute
to ventilator shortages by using resources needed by
COVID patients (Ranney, Griffeth, and Jha 2020). In
one report, 8 out of 23 young people exposed
indirectly to DCAs needed oxygen therapy (Breakell
and Bodiwala 1998), and the availability of oxygen
and ventilators has been scarce during parts of the
COVID-19 pandemic (Ranney, Griffeth, and Jha 2020).
While the use of DCAs should receive more scrutiny
even without the COVID-19-related concerns, it
seems particularly perilous to continue to use crowd
control measures that cause respiratory impairments
in the middle of a respiratory pandemic.
When DCAs are used on crowds, sometimes
peacefully protesting, (“ACLU, GROUPS SUE TRUMP
FOR FIRING TEAR GAS AT PROTESTERS OUTSIDE
THE WHITE HOUSE” 2020) it is impossible to know
who among them might be at high risk for COVID-19
or have underlying health conditions. Firing gas into
a crowd causes fits of coughing, which can spread
COVID-19 (Song 2020; Baker 2020). This is not just a
risk taken by the crowd being fired upon, but by law
enforcement in the area as well as any first
responders and reporters. Coughing in a
heterogenous crowd increases the risk of COVID-19
exposure to everyone in the vicinity.
Proponents of DCA use call it a “non-lethal” method
(Fowers, Steckelberg, and Berkowitz 2020). While
that is usually true, it is certainly not always the case,
as deaths from DCAs have been reported (Ashcroft,
Daniels, and Hart 2003; Toprak et al. 2015; Alhillo et
al. 2018) and the use of DCAs during a pandemic
could turn them into lethal weapons by increasing an
individual's risk for contracting a virus for which
there is currently no cure (CDC 2020).
At this time, when longitudinal studies on DCAs are
lacking and the world struggles with a respiratory
pandemic, a temporary ban on the use of DCAs would
protect public health. Studies indicate decreased
respiratory function can linger for months after DCA
exposure (Arbak et al. 2014) which could make
people more susceptible to COVID-19, especially
when coughing in crowds (Baker 2020).
Hospitalization for DCA exposure might involve the
use of ventilators which are needed to treat COVID
patients (Richardson et al. 2020). Since the national
shortage of ventilators has led to universities and
www.sciencepolicyjournal.org
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companies scrambling for alternatives to provide for
hospitals (Glynn 2020; Ranney, Griffeth, and Jha
2020), preventing hospitalizations due to tear gas use
is logical. If banned during the pandemic, law
enforcement officials would be able to use methods of
controlling protests that have less risk of spreading
COVID-19. Once a successful vaccine is available, and
herd immunity established, the ban could be lifted
(Mayo Clinic 2020). This policy option addresses the
combined problem of COVID-19 and chemical
exposure and would reduce the number of patients
potentially needing ventilators but does not address
the dangerous and unknown long-term effects of DCA
exposure. This option is more protective of public
health during the pandemic, but that protection
would subside along with the emergency and does
not address the underlying issues. While a step to
protect public health, it is only a small and temporary
one, and longer-term policy solutions are needed.
iv. Ban DCA use permanently
A permanent ban on DCA use would be the most
stringent policy option and the most protective of
human health. There are both known and unknown
health risks associated with DCA use (Dimitroglou,
Rachiotis, and Hadjichristodoulou 2015), making it
difficult to craft informed policy. The risk to
protestors and bystanders is increased by the
continued incorrect use of DCAs despite training and
manufacturer instructions. Disallowing the use of
DCAs would remove the health and safety risks
associated with their deployment. Police rely on DCAs
to control large crowds at longer distances, and to
reduce the risk to officers. Closer proximity of law
enforcement and demonstrators could increase the
likelihood of physical violence. However, physical
barriers can also be used to control crowds and
increasing the proximity of law enforcement to
protests could encourage the use of de-escalation
techniques rather than force. Greater proximity could
also allow police to target specific bad actors, rather
than an entire crowd. Banning DCAs could save
money since police departments wouldn’t need to
purchase canisters or associated equipment like gas
masks. It could also save money by eliminating the
threat of lawsuits and investigations, like the many in
progress around the country, against cities and police
departments (Blumberg 2020; “DOJ OIG Announces
Initiation of Work” 2020; Goyette v. City of
Minneapolis 2020).
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A ban on DCA use would remove the threat of
unknown and potentially long-term health risks and
prevent any chilling effects on free speech. For
example, a person with asthma or another underlying
health condition might be hesitant to attend a
peaceful protest out of fear that they might be
exposed to tear gas and have a health emergency. The
fear of being able to safely exercise their right to
protest could prevent such individuals from
attending, and thus impair their constitutional rights
(U.S. Const. amend. I.).
Police departments might have to compensate for the
loss of DCAs as a response option by purchasing other
equipment, so it is not clear what the net saved cost
would be. Additionally, a complete ban is likely to be
unpopular amongst police and their supporting
organizations. While it does not leave police without
resources (kinetic projectiles, physical force, sound,
etc.), the loss of DCAs as a response option would
undoubtedly change the way law enforcement can
respond to some situations. The decentralized
governmental framework of the U.S. means that
individual states or cities could decide whether or not
to completely ban chemical DCAs. Currently, the
majority of policing policy is determined internally by
the police department or the local government
oversight body. With the limited number of rigorous
animal, human, and environmental studies available,
banning chemical DCA use locally, at the state level,
or nationally is the policy option that is most
protective of public health.
v. Alternatives to chemical DCAs also pose risks
Alternative demonstration control technologies can
also threaten human health or are insufficiently
regulated and studied. Therefore, they should not be
considered as alternatives to DCA use, and we would
not recommend using them as substitutes for
chemical DCAs. Some examples of these alternative
methods are long-range acoustic devices (LRADs),
active denial systems, and kinetic projectiles, all of
which are currently in use to different extents. Once
promoted as non-lethal, deaths by deployment of
these alternative crowd control methods can occur.
Advocates of these alternatives cite that they are
“less-harmful” crowd control options, but there is
little evidence to suggest that these alternatives are
safe and can be used discriminately to protect public
health and free speech. Therefore, we present the
following alternatives to show the risks inherent in
www.sciencepolicyjournal.org
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less-lethal crowd control and we instead advocate for
policy changes regarding deployment, regulation,
and enforcement protocols.
Active denial systems, commonly referred to as “heat
ray devices”, are another relatively new alternative to
DCAs to help control crowds. The active denial device
forms a high-powered beam of directed, millimeter
wavelength energy to cause a heating sensation to
superficial layers of skin, heating the skin to around
111℉ (44℃) (Kenny et al. 2008). While this is lower
than the temperature needed to cause first degree
burns, it causes an intense burning sensation that
almost immediately subsides when the beam is
removed (Ackerman 2012). Rare instances of seconddegree burns have been reported from the active
denial system (“Active Denial System FAQs,” n.d.), but
more research that emulates real-world use
situations may be necessary to ensure its safety.
While this technology is effective at deterring
individuals from remaining inside the beam, like the
LRAD siren, it gives no visual warning or demarcation
of where the beam is directed. In a situation where a
crowd of individuals who have no experience with
this device are targeted, it may cause panic. While this
device, if adequately tested, could be an alternative to
chemical weapons in the future, its cost might remain
a barrier to widespread adoption (Hambling 2009).
Kinetic projectiles such as rubber bullets and bean
bag rounds are more transparent in the dangers they
pose—physical deterrence and harm. They are often
used incorrectly according to police protocol, are
difficult to aim, and often result in permanent
physical damage to victims, with a reported 3% of
direct impact instances causing death (Haar,
Iacopino, Ranadive, Dandu, et al. 2017). Similarly,
misuse of tear gas deployment technologies has led to
direct impact from tear gas canisters, resulting in
permanent injury to protestors and press. Multiple
instances of physical harm during 2020 protests in
Paris, France resulted in the ban of explosion-based
tear gas canisters, but not tear gas itself (Breeden
2020).
While other “less-lethal” options do exist for crowd
control purposes, all of the options also have
significant safety concerns. A recent post-hoc study of
injuries from “less lethal” weapons used for crowd
control in Minneapolis echoed previous findings
about the dangers posed by commonly used tear gas
JSPG, Vol. 18, Issue 1, March 2021
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alternatives (Kaske et al. 2021). Despite these
drawbacks, however, the more obvious and known
dangers of some of the “less lethal” alternatives (such
as direct physical injury) may render them more
favorable than DCA use, which poses dangers that are
not fully understood. Law enforcement agencies must
carefully consider the risks to human health and
safety posed by alternative crowd control
technologies and should review any protocols for
their use.
VII. Conclusion
Despite numerous calls for more research on the
unknown and potentially deadly effects of chemical
DCAs (New York Times 1995) little progress has been
made in the last 30 years. Without conclusive
evidence of their safety, continuing to use these
chemicals on crowds amounts to testing unknown
compounds on the public. Although limited studies
have been conducted, research clearly shows that
both the active ingredients in DCAs and their carrier
gases are harmful to humans and animals. The animal
studies on which many of the human exposure
guidelines are based were conducted to determine
lethal doses of DCAs and thus offer little insight into
the various health impacts of acute exposure. There
are very few human studies assessing long-term
health consequences of DCA exposure and those that
exist are highly constrained. This lack of rigor
endangers the public due to poorly informed safety
and use guidelines. Additionally, a stark lack of
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