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Abstract

Unintentional exposure to chlorine at swimming pools is not uncommon and can occur through
various exposure scenarios, such as chlorine leak from pipes or reservoirs, or inappropriate flushing
of chlorination/sanitation lines. Although mixing bleach (sodium hypochlorite) with acids accounts for
many household chlorine exposure accidents, such an exposure is rare at swimming pools. Clinical
manifestations of chlorine inhalation can range from mild upper airway irritation to life-threatening toxic
effects, such as pulmonary edema/acute respiratory distress syndrome. We reported an incident of chlorine
exposure generated from mixing sodium hypochlorite and hydrochloric acid at a swimming pool. Among
the 7 victims, 6 presented with dyspnea, dry cough, sore throat and eye irritation. These six patients were
discharged within 1 day. A 15-year-old girl however developed hypoxemia and acute lung injury primarily
involved right middle and lower lungs in addition to symptoms of airway irritation. She was discharged 5
days later after receiving both bronchodilator and intravenous steroid therapy. Her clinical manifestations
were discussed along with a review of existing literature reports on chlorine inhalation. ( J Intern Med

Taiwan 2010; 21: 210-215)
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Introduction

Chlorine is a yellowish-green gas with a pun-
gent, irritating odor. It is intermediate water-soluble
and can cause acute damage to both upper and lo-
wer respiratory tracts'. Its toxicity is thought to be
mediated by the generation of hydrogen chloride
upon contact with moist mucous membrane and by

the formation of free radicals at the cellular level'.

Toxic exposures to chlorine were first reported in
1915 when chlorine was used as a chemical warfare
agent in Ypres, Belgium. In the 1920s, chlorine was
introduced as a bleaching agent’. Chlorine was
subsequently used in many industrial processes as
well as household bleaching and water purification.
Because chlorine is often transported and stored

under pressure in pipes, trucks, or tanks, many mass
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poisonings have occurred following transportation
or industrial accidents'’. Decker and Koch reported
the first case of acute chlorine gas exposure at a
swimming pool in 1978". Similar cases or incidents
were not infrequently reported in the literature

> Clinical manifestations of such ex-

afterwards
posures could range from mild airway irritation
to life-threatening toxic effects, such as acute re-
spiratory distress syndrome (ARDS). We recently
managed an incident of acute chlorine exposure
that involved 7 persons at a swimming pool. While
the patients' clinical features were largely similar
to those described in previous reports, we observed
unusual chest radiograph finding in one of the
patients. We herein reported the case series and

discussed various aspects of chlorine gas exposure.

Case Report

A nonsmoking, previously healthy 15-year-
old girl was presented in the emergency room
after an unintentional exposure to chlorine gas at
a community swimming pool. She was exposed
to chlorine gas for some 6 minutes in a shower
room after while a swimming pool workers mixing
sodium hypochlorite with hydrochloric acid outside
the room. The exact concentration of inhaled chlo-
rine was unknown.

On arrival, she manifested dyspnea, dry cough,
throat and eye irritation, and chest discomfort. Her
blood pressure was 100/68 mmHg, pulse 70/min,
and respiratory rate 24/min. Physical examinations
did not reveal rhonchi or rales; pulse oximetry how-
ever showed hypoxemia with oxygenation satu-
ration of 86%. Arterial blood gas analysis revealed
the following: pH 7.46, PaCO. 28.4 mmHg, and
PaO. 69 mmHg on room air. Chest radiograph
demonstrated increased infiltrates over right middle
and lower lungs (Fig. 1). Laboratory data, including
complete blood cell count; serum sodium, pota-
ssium, glucose, cardiac enzymes, creatinine, blood

urea nitrogen, and liver enzymes were all unremar-
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Fig. 1.Chest radiograph on presentation showing
increased infiltrates over right middle and
lower lung fields.

Fig. 2.Chest radiograph on day 4 revealing persistent
infiltrates over right middle and lower fields,
and some infiltrates over left perihilar region.

kable. A complete electrocardiogram was also wit-
hin normal limits.

She was treated with 100% oxygen, intra-
venous fluid and corticosteroid, and inhaled /5.

agonist every 6 hour. Repeated chest radiograph
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Fig. 3.Follow-up chest radiograph 8 days post-ex-
posure demonstrating normal findings in both
lungs.

performed later on the same day showed no interval
change. She was hospitalized due to persistent
dyspnea and received supplementary oxygen, oral
prednisolone 10 mg and inhaled budesonide 2 puff
every 8 hour for 4 days. Computerized tomography
(CT) scan of chest was not performed as the patient
declined the study.

While her clinical symptoms gradually im-
proved, the follow-up chest radiograph on day
4 still showed increased infiltrations over right
lung (Fig. 2). In addition, some infiltrates over left
perihilar region were noted. A repeated arterial
blood gas analysis on the same day however re-
vealed pH 7.38, PaCO, 46.3 mmHg, PaO, 98.7
mmHg, and HCO; 26.6 mmol/L with room air
breathing, which indicated delayed resolution of
chest radiograph abnormalities that lagged behind
clinical improvement. The patient was discharged
on 5" hospital day. A follow-up chest radiograph
was normal 8 days post-exposure (Fig. 3).

Six other persons were also exposed to ch-
lorine gas at the swimming pool but probably had a

shorter period of exposure. All of them were sent to

the emergency room with dyspnea, dry cough, and
throat and eye irritation. Physical examinations and
routine laboratory workup were unyielding. They
were treated with supplemental oxygen, intravenous
fluid and an inhaled /3, agonist therapy. On the next
day, all of them were asymptomatic and did not
require oxygen therapy. All were discharged on that

day.

Discussion

Many people use swimming pools for exercise,
recreation, sports, and even rehabilitation therapy.
Chlorination is the primary measure employed
in disinfecting community pools. Unintentional in-
halation of chlorine at swimming pools is thus not
uncommon and can occur through various exposure
scenarios, such as open chlorine canisters, chlorine
leak from pipes or reservoirs, inappropriate flushing
of chlorination/sanitation lines, release of vapors
from solid chlorine compounds, or mixing bleach
(sodium hypochlorite, HOCI) with acids'*". Mixing
sodium hypochlorite with acids is a rare cause of
chlorine exposure at swimming pools, however it
does account for many household chlorine ex-
posures”’.

Chlorine, once inhaled, dissolves in water and
generates hydrochloric acid upon contacting moist
mucous membrane. Toxicity of chlorine however is
not limited to the effects attributable to hydrochloric
acid because chlorine is approximately 20 times
more toxic to the respiratory tract than hydrochloric
acid’. Chlorine is a highly irritant gas with inter-
mediate water solubility. Therefore, it can damage
large airways as well as small airways and lung
parenchyma. Toxicity following chlorine gas ex-
posure appears to get worsened with longer dura-
tion and higher concentration of exposure’. With
considerable consistency around the world, chlorine
gas has a time-weighted average exposure standard
of 0.5-1 ppm. However, one recent study showed

that at the level of 0.5 ppm chlorine exposure could
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Table. The severity of acute effects associated with approximately 1 hour of chlorine exposure™

Minimal effects
1 hour at 0.5-2 ppm

Significant effects
1 hour at 2-20 ppm

Severe effects
1 hour at >20 ppm

Very severe effects
1 hour exposure at >34 ppm

Strong odor, slight
irritation of
nose/throat/eyes

Burning of eyes or
throat, some cough
and choking sensation

1-hr minimal MEG
0.5 ppm (1.5mg/m’)

1-hr significant
MEG 2 ppm (5.8mg/m’)

Sensation of
suffocation, chest
pain, dyspnea, nausea,
vomiting, horseness

1-hr severe MEG
20 ppm (58mg/m’)

Pulmonary edema,
sudden death
bronchospasm
(closeure of larynyx)

Lethality has been
reported after 1
hour 34-51 ppm

result in nasal irritation in individuals with seaso-
nal allergic rhinitis”. The fatal dose ranges from 50
to 2,000 ppm’. One study with pigs demonstrated
that exposure of 100-140 ppm for 10 mins, 5 of 6
animals died within 6 hours". The severity of acute
effects associated with approximately 1 hour of
exposure is generalized below in conjunction with
the military exposure guidelines (MEGs) provi-
ded in USACHPPM Technical Guide (TG) 230
(Table)"”. The recommended criteria for treatment
of acute chlorine inhalation was included in the
table ( from minimal effects to very severe effects).
In our case, there was no enough data about the
concentration of chlorine gas.

The basic mechanism of toxicity is related to
the solubility of chlorine in water, with chlorine
forming hydrochloric and hypochlorous acids,
which subsequently undergo ionization. This re-
action occurs in moist environments such as eyes,
nasal mucosa, and respiratory epithelium. Injury
begins with edema of the upper airway and lung
parenchyma, followed by development of a celluar
exudates in alveoli. As injury progresses, severe
edema, hemorrhage, and destruction of the bron-
chiolar mucosa can develop'. Reported respiratory
injuries following acute chlorine exposure inclu-
de rhinitis, tracheobronchitis, pneumonitis, and
pulmonary edema, diffuse bronchiolitis, acute
respiratory distress syndrome™'""”. Although the
underlying pathophysiology of chlorine gas in-
halation is obscure, the immediate reaction, with

signs of bronchoconstriction, pulmonary vaso-

constriction and hypoxia, suggests local release of
stored mediators leading to mismatch of ventilation
and perfusion. This notion is supported by the very
early and sharp decline of lung compliance, which
reflects air trapping with hyperinflation secondary
to increased expiratory resistance. It is possible
that flooding of the pulmonary parenchyma also
contributed to arterial deoxygenation later in the
course of injury, as indicated by increased pul-
monary wet to dry ratios”.

Occasionally, pulmonary dysfunction may
develop subacutely or in multiple stages. Given the
fact that both upper and lower respiratory tract
irritation/dysfunction can be present, and the onset
of toxic manifestations may vary greatly, inhalation
of chlorine gas can pose diagnostic and therapeutic
challenges. Late complications such as occupational
asthma, reactive airway dysfunction syndrome,
increased airway responsiveness, and decreased
residual volume have been described””. Exposure
to chlorine gas generated from sodium hypochlorite
at swimming pools is uncommon. A search of
the case registry database of the Taiwan National
Poison Control Center did not identify such cases
between 1986 and 2008. Parimon et al. had pre-
viously reported a 23-year-old man who developed
diffuse brochiolitis after such an exposure’. In our
index case, mild hypoxemia immediately developed
after exposure to chlorine for 6 minutes. Initial
chest radiograph revealed pneumonitis-like op-
acities over right middle and lower lungs. Her

clinical manifestations improved 3 days later, yet
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her chest radiograph abnormalities did not resolve
until 8 days post-exposure. While the patient's
clinical manifestations were largely similar to those
observed in previously reported cases of chlorine
exposure, the finding of acute lung injury that
primarily involved right lung was uncommon and
might be attributable to the higher amount of
ventilation of right lung”. Other alternative causes,
such as aspiration, were unlikely to explain the
patient's findings.

Although chest radiographs revealed the
presence of acute lung injury in the patient, the
exact extent of injury was unknown because she
declined chest CT scan, which is a more sensitive
tool to detect inhalation injury of lung. The lack
of CT image findings is the main limitation of this
report.

Current treatment of acute chlorine exposure
is symptomatic and supportive, including antitus-
sive medications, inhaled and/or intravenous bron-
chodilators for bronchospasm, and supplemental
oxygen. In animal models, treatment with systemic
or inhaled corticosteroids immediately following
high-level chlorine exposure had resulted in im-
proved pulmonary and cardiovascular function;
however the mortality rate was unaffected”. In
another animal study with ventilated pigs, Wang
et al. reported that the timing of corticosteroid
inhalation might be an important factor in the
management of chlorine inhalation". Treatment
with inhaled budesonide immediately or 30 minutes
after chlorine lung injury had a significant beneficial
effect, but treatment delayed for 60 minutes was not
ineffective compared with a control group". Treat-
ment of acute chlorine injury with aerosolized
terbutaline followed by aerosolized budesonide
improved lung function. Combined treatment was
more effective than treatment with either drug
alone®. In previous animal study, inhaled bude-
sonide 5 mg and intravenous betamethasone 5 mg

were given 30 minutes after completion of chlorine

gas exposure. These drugs were given every 1-2
hour for 15 hours and then every 4 hour for 8 hours
(total 23 hours). The doses of inhaled budesonide
and intravenous betamethasone were chosen as
recommended for treatment of toxic gas exposure
by the Swedish Poison Information Center™. In a
previous literature, inhaled budesonide and neubu-
lized sodium bicarbonate treatment could prevent
extended hospital stay by accelerating symptomatic
and functional recovery”. Although our case did
show much improvement after receiving both /3,
agonist and steroid therapy, the efficacy of such
treatment in human with chlorine poisonings has

not been confirmed and needs further evaluation.
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