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The recent social unrest in Hong Kong, brought 
about by the controversial amendments to the 
Fugitive Offenders Ordinance (Cap. 503), has put the 
crowd control actions of the Hong Kong Police Force 
in the limelight. In 2019, Hong Kong witnessed the 
most extensive civilian protests since the 1960s, and 
consequently the police have used crowd control 
measures to restore social order.1 In particular, o-
chlorobenzylidene malononitrile, also known as 
CS gas or simply tear gas, is deployed during crowd 
dispersal operations. At the time of writing, over 
1800 canisters of CS gas have been used in Hong 
Kong since June 2019, often in high concentrations 
in densely populated commercial or residential areas 
or poorly ventilated areas. This has led to CS gas 
exposure among not only protestors, but also news 
reporters, bystanders, and residents and employees 
in nearby buildings.
 To better inform local medical practitioners, 
we present a brief literature review of the clinical 
effects and risks related to CS gas exposure.

Chemical properties
The CS gas, named after Corson and Stoughton who 
first synthesised it in 1928, is the most commonly 
used crowd control agent worldwide and can be 
dispersed as a fine powder, a jet of solution, or as 
aerosols by pyrotechnic generation.2 It acts as 
an SN2-alkylating agent at nucleophilic sites in 
the pyruvate decarboxylase system. This causes 
bradykinin release resulting in pain sensation, as 
well as stimulates the pulmonary irritant receptors 
causing bronchoconstriction. It is also a potent TrpA1 
receptor agonist, which has high concentration 
in trigeminal neurons, and is responsible for 
lacrimation effect via activation of the tearing reflex. 
Upon contact with moisture on skin or mucosal 
surface, the chlorine atoms released from CS gas is 
reduced to hydrochloride acid, causing burns and 
mucosal irritation. The CS gas degrades by hydrolysis 
in water, with a short half-life of 15 minutes at room 
temperature. The half-life is shortened to 1 minute in 
alkaline solution.2
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Clinical effects
Most clinical effects secondary to CS gas exposure 
are acute and transient. These include ocular 
effects: lacrimation, blepharospasm, eye irritation, 
conjunctivitis and periorbital oedema, which 
typically onset within minutes and resolves in 
1 day.3 Respiratory manifestations can occur 
immediately such as cough, dyspnoea, haemoptysis, 
bronchoconstriction and laryngospasm; or after 
a latency period of up to 1 to 2 weeks causing 
hypersensitivity pneumonitis or reactive airways 
dysfunction syndrome. Compared with unexposed 
controls, patients exposed to CS gas demonstrate 
sustained worse lung function in terms of the 
proportion of forced expired volume in first second 
to forced vital capacity, and the maximum mid-
expiratory flow rate, especially if they are smokers.4 
Gastrointestinal symptoms including diarrhoea, 
vomiting, haematemesis, and abdominal pain have 
also been attributed to CS gas exposure or ingestion.5

 Perhaps less appreciated are the dermatological 
effects of CS, which ranged from mild erythema 
to extensive blistering and burn. These can have 
variable latency period from minutes to 2 weeks. 
Burn was the most common symptom observed 
during the last large-scale deployment of CS gas in 
Hong Kong in 1995, in which over 1500 canisters of 
CS were used. In that incident in a refugee detention 
centre, 52% of the affected detainees aged <1 to 
51 years had acute burns affecting on average 3% 
total body surface area.6 While most burns were 
superficial, 22 patients had deep partial thickness 
burn, two of which were children and required burn 
unit admission. Long-term complications occurred 
in eight patients in the form of hypergranulation 
tissue or hypertrophic scars. Of note, the mechanism 
of burn can be caused by flames arising from 
explosion of tear gas grenades, contact burns from 
hot canisters, and chemical burns from contact 
with CS powder.7 These health risks to the public 
have led to members of the scientific community to 
call for restraint in the use of these crowd control 
chemicals.8
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Fatal cases
Because of the high lethal-dose to effective-dose 
ratio, CS gas is considered a less-than-lethal weapon. 
However, mortalities have been attributed to CS gas 
exposure secondary to respiratory effects, including 
a case of respiratory arrest in Bahrain,3 and a case 
of acute necrotising laryngotracheobronchitis in 
the United States.9 Importantly, these mortalities 
were related to CS gas use in a confined space with 
poor ventilation, reflecting the danger of indoor use 
of CS gas. Traumatic brain or cervical cord injuries 
caused by CS canisters or cartridges have also 
resulted in fatalities, including in individuals aged 
<18 years.3,10-13 In a recent case in 2018, an entire CS 
canister penetrated the cranium and lodged in the 
frontal and temporal lobe of a 27-year-old Iraqi man, 
leading to his death soon after hospital admission.13 
These deaths and other reports of ocular and 
maxillofacial injuries causing blindness, upper 
airway compromise, and permanent disfigurement 
highlight the risk of close-range use of CS firearms 
in densely populated areas.14,15

Risk to healthcare workers
Healthcare workers can also be secondarily affected 
by CS gas when caring for CS-exposed patients. In 
two instances, unsuspecting emergency department 
nurses had eye, skin and respiratory irritation after 
being secondarily contaminated while treating CS-
exposed patients, necessitating decontamination 
of the triage area.16,17 Anaesthesiologists are 
another at-risk group, with reports of secondary 
CS gas exposure during endotracheal intubation, 
extubation, and nasogastric tube insertion for 
affected patients.18-20 Although none of these resulted 
in permanent damage, local healthcare professionals 
in Hong Kong must be aware of this occupational 
hazard and equip themselves with appropriate 
protective equipment when treating these patients. 
Emergency departments should also ensure their 
staff is trained in decontamination and isolation of 
CS-exposed patients and their belongings to prevent 
collateral damage to other patients and personnel.

Conclusion
Exposure to CS gas carries substantial risk to civilians 
and the healthcare professionals treating them. 
Although most clinical manifestations related to CS 
gas are acute and transient, more severe burns or, 
rarely, fatal incidents have occurred when CS gas is 
deployed, especially in poorly ventilated spaces. We 
urge law enforcement personnel to exercise extreme 
restraint and discretion when using CS gas and other 
crowd control methods. Local practitioners should 
be aware of the clinical effects and risks of CS gas in 
order to better treat and counsel affected patients.
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