Acute Inhalation Injury With Evidence of Diffuse Bronchialitis
Following Chlorine Gas Exposure at a Swimming Pool
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A previously healthy 23-year-old man with nonproductive cough and sore throat presented to the
hospital a few hours after chlorine gas exposure at a fitness center swimming pool. Initial physical
examination and chest radiograph were normal. Thirty-six hours later he developed worsening
dyspnea and cough, with development of blood-tinged sputum. Arterial blood gas analysis showed
mild hypoxemia and a subsequent chest radiograph demonstrated diffuse tiny nodular opacities.
Findings on a thin-section computed tomogram of the chest were consistent with diffuse bronchi-
olitis. Pulmonary function tests showed a mild obstructive abnormality and he demonstrated sub-
stantial bronchodilator response. The patient was treated with oral corticosteroids and an inhaled
B agonist, to which he responded well, with full clinical recovery occurring over 5 months. This
manifestation of chlorine gas exposure at a swimming pool is unusual. Key words: bronchialitis,
chlorine. [Respir Care 2004;49(3):291-294. © 2004 Daedalus Enterprises]

I ntroduction

Chlorine is one of the most common substances in-
volved in toxic inhaation. The first toxic effects were
described in Belgium in 1915, as a result of chemical
warfare. In the 1920s chlorine was introduced as a bleach-
ing agent and became more widely used in other industrial
processes, household products such as bleach powder, and
in water purification. Since then several accidental expo-
sures have been reported.’3 Most cases, and those with
the most serious outcomes, occur in the industrial setting.
However, because of an increasing number of municipal
and private swimming pools, cases of non-industrial acci-
dental exposure have occurred, some with substantial mor-
bidity.

Decker and Koch reported the first case of acute chlo-
rine gas exposure in a swimming pool in 1978.4 That
patient had no sequelae. Decker reported another 2 epi-
sodes in 1986 and 1988.5 Subsequently, inhalation injury
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occurring at swimming pools has been reported several
times. In one series 38% of exposed individuals required
hospitalization.6 The severity of illness ranges from acute
respiratory failure (in the setting of acute respiratory dis-
tress syndrome) to mild mucosal irritation such as lacri-
mation and nasopharyngeal edema, depending on the con-
centration and duration of exposure.” Late sequelae such
as occupational asthma have also been described from
nitrogen trichloride, a product of chlorinated water in air
surrounding swimming pools.2 To our knowledge this is
the first reported case of diffuse bronchiolitis as aresult of
chlorine gas exposure at a swimming pool.

Case Summary

A nonsmoking, previoudy healthy 23-year-old man, acol-
lege student, presented to the emergency department together
with 7 other people severa hours after an accidental chlorine
gas exposure at a community swimming pool. The patient
was exposed to chlorine gas for about 5 minutes while exer-
cising in the fitness center adjacent to the swimming pool.
The fitness center’s manager reported that the chlorine mon-
itor on the center’s swimming pool failed to recognize that
the water level was lower than usual. As a result, air was
sucked into the water purification pipe that contained a 10—
16% liquid sodium hypochlorite (NaOCl), leading to chlorine
gas formation. Chlorine gas of unknown concentration then
spread throughout the building.
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On presentation the patient reported throat irritation and a
dry cough. He denied any history of recent travel or any
symptoms of illness prior to this presentation. Physical ex-
amination and the initial chest radiograph were normal. Ar-
terial blood gases on room air were pH 7.34, P,co, 47 mm
Hg, and P, 74 mm Hg. He was discharged home without
treatment. Overnight his cough and sore throat worsened and
he developed chest discomfort on deep inspiration. The next
morning he returned to the emergency department with com-
plaints of fatigue and dyspnea. On examination, he was
afebrile, tachypneic (respiratory rate 28 breaths/min), and had
bilateral end-expiratory wheezes. A chest radiograph obtained
at that time (36 h after exposure) showed diffuse small nod-
ular opacities (Fig. 1). Arteriad blood gas vaues while the
patient breathed ambient air were pH 7.40, P,co, 43 mm Hg,
and P,o, 63 mm Hg. A complete blood count showed hemo-
globin 14.9 g/dL, hematocrit 43%, leukocyte count 10.3 X
10%L (polymorphonuclear leukocytes 80%, lymphocytes
11%, monocytes 7%, and eosinophils 2%). The patient was
admitted to the hospital for further evaluation and treatment.

Over the next few hours the patient’s cough became pro-
ductive of scant blood-tinged sputum. He was treated with
supplemental oxygen and inhaled abuterol. A thin-section
computed tomogram of the chest demonstrated ill-defined
centrilobular nodules along the peribronchovascular struc-
ture, particularly in the dependent portions of the lungs, as
well as mild air trapping, without bronchial wall thickening
or bronchiectasis—findings consistent with diffuse bronchi-
olitis (Fig. 2). Pulmonary function tests performed 96 hours
after the chlorine gas exposure revealed a mild obstructive
defect, with substantial bronchodilator response, air trapping,
and amoderately decreased diffusing capacity (Table 1). The

Fig. 1. Chest radiograph obtained 36 hours after chlorine inhala-
tion shows diffuse nodular opacities in both lungs.
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Fig. 2. Unenhanced thin-section computed tomogram (W 1,200, L
700, 1.25 mm) shows diffuse ill-defined centrilobular nodules and
prominent peribronchovascular structures. Mild air trapping was
apparent on expiratory images (not shown).

patient's symptoms gradually improved, with resolution of
hemoptysis. On the third hospital day his oxyhemoglobin
saturation (measured via pulse oximetry) was 95% while
breathing room air.

He was discharged on abuterol (via metered-dose inhaler,
every 6 h) and prednisone (1 mg/kg/d, for a 4-week course).
Four weeks after the exposure the patient continued to have
mild dyspnea on strenuous exertion but otherwise felt well.
Repeat pulmonary function tests obtained 12 weeks after the
exposure showed substantial improvement, with resolution of
airflow obstruction. Although vital capacity and total lung
capacity had been within normal limits on the first test, their
increase to supranormal vaues on follow-up suggests the
presence of an initial restrictive process as well as airflow
obstruction and air trapping during the first evaluation. The
diffusing capacity had improved but remained mildly reduced
at 12 weeks. A methacholine challenge test performed at 12
weeks was normal. Five months after the accident the patient
was asymptomatic and reported that his exercise capacity had
returned to its pre-exposure level.

Discussion

With appropriate clinical correlation this patient’s com-
puted tomogram findings are consistent with diffuse bron-
chiolitis. Causes of bronchialitis include infection by or-
ganisms, such as virus or Mycoplasma, and noninfectious
inflammation such asaspiration or inhal ation of toxic fumes
or vapor. Bronchiolitis may be found in underlying chronic
bronchial diseases such as asthma or can be related to
smoking. Lung biopsy would be required for certain con-
firmation of this diagnosis but was thought not to be clin-
ically justifiablein thiscase, in view of the patient’ s prompt
improvement with the treatment given. Given the clinical
presentation and imaging findings, and the absence of
known acute or chronic illness prior to the chlorine gas
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Tablel. Pulmonary Function Test Results 96 Hours and 12 Weeks Following Chlorine Gas Exposure

96 Hours After Exposure

12 Weeks After Exposure

Pr\?g'lﬁtgd Befor_e After_ Befor_e After_
Bronchodilator Bronchodilator Bronchodilator Bronchodilator
(% of Predicted) (% of Predicted) (% of Predicted) (% of Predicted)
FVC (L) 3.79 3.22(85) 3.54(93) 4.55 (120) 4.42 (117)
FEV, (L) 3.29 2.36 (72) 2.94 (89) 3.65(111) 3.54 (108)
FEV,/FVC (%) 87 73 83 80 80
FEF,5 7505 (L/9) 3.33 1.68 (50) 3.98 (120) 3.37(88) 3.04 (79)
SVC (L) 371 3.13(84) NT 4.63 (125) NT
IC (L) 254 2.10 (83) NT 3.13(123) NT
ERV (L) 1.17 1.03(88) NT 1.50 (128) NT
FRC (N,) (L) 2.10 2.34 (111) NT 2.94 (140) NT
RV (N,) (L) 0.93 1.31 (141) NT 1.44 (155) NT
TLC (N,) (L) 4,64 4.44 (96) NT 6.07 (131) NT
RV/TLC (N,) (%) 21 29 NT 24 NT
TGV (L) 2.10 2.91 (139) NT 3.05 (145) NT
RV (Pleth) (L) 0.93 1.88 (202) NT 1.55 (167) NT
TLC (Pleth) (L) 4.64 5.01 (108) NT 6.18 (133) NT
RV/TLC (Pleth) (%) 21 38 NT 25 NT
D, ., uncorrected (mL/min/mm Hg) 29.91 15.40 (51) NT 20.35 (68) NT

FVC = forced vital capacity.

FEV, = forced expiratory volume in the first.

FEF,5 750, = forced expiratory flow in the middle half of the forced vita capacity.
SVC = dow vital capacity.

NT = measurement not taken.

IC = ingpiratory capacity.

ERV = expiratory reserve volume.

FRC = functional residual capacity.

N, = values from nitrogen washout technique.

RV = residuad volume.

TLC = total lung capacity.

TGV = thoracic gas volume.

Pleth = vaues from body plethysmography.

D,, = single-breath diffusing capacity for carbon monoxide.

exposure, our diagnosis was acute inhalation injury with
diffuse bronchiolitis resulting from chlorine gas exposure.

To our knowledge thisis the first reported case of diffuse
bronchialitis resulting from chlorine gas exposure at a swim-
ming pool. The most common manifestations of such expo-
sure in previous series (Table 2)4-69-11 have been those of
mucosal and airway irritation, and amost al exposed indi-
viduals have survived without sequelae. In the series reported
by Martinez et al® one patient died from acute respiratory
distress syndrome and cardiovascular failure. Otherwise,
symptoms usually resolved within several weeks.12

Chlorineis aheavy, greenish-yellow gas or boiling yellow
liquid with a characteristic pungent, irritating odor. Chlorine-
releasing agents (calcium or sodium hypochlorite and chlo-
rinated isocyanuric acids) are frequently used for water pu-
rification in swimming pools. Swimming pool chlorine
exposure may result from explosions, leaks, or malfunction
of chlorine-disinfection ingtalation systems. Other sources
include related compounds such as chloramine in the atmo-
sphere of an indoor swimming pool.”
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Of dl organ systems, the respiratory system is the most
adversely affected by chlorine gas exposure. Effects are re-
lated to the concentration of chlorine in the air and to the
duration of exposure. With considerable consistency around
the world, chlorine 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 result in
nasd irritation in individuals with seasona alergic rhinitis.23
The fatal dose ranges from 50 to 2,000 ppm. One study with
pigs demonstrated that after exposure of 100—-140 ppm for 10
min, 5 of 6 animals died within 6 hours.4

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 reaction occurs in moist environments such as the eyes,
nasal mucosa, and respiratory epithelium.> The severity of
clinicad syndromes of acute exposure range from fatd as-
phyxia or severe acute respiratory distress syndrome to mild
injury such as smple irritation of the conjunctivae or nasal
mucosa. Reported respiratory injuries following acute chlo-
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Table 2.  Reported Series of Chlorine Gas Exposures a Swimming Pools
Author Y ear Pat(lr?)nts Manifestations

Decker and Koch# 1978 1  Chest tightness, throat
irritation

Deckers 1988 41  Chest discomfort, nasal/throat
irritation

Martinez et al® 1995 2 Acute respiratory distress
syndrome*

Sexton and Pronchiké 1998 13 Mucosd irritation, dyspnea,
and wheezing

Kilburn et a1t 2000 4 Unspecified

Agabiti et al1° 2001 282  Mucosd irritation, dyspnea,
and wheezing

*One patient died after several hours of exposure.
ARDS, acute respiratory distress syndrome.

rine exposure include rhinitis, tracheobronchitis, pneumoni-
tis, and pulmonary edema.l® Most exposed individuals have
complete resolution of their symptoms without late sequelae.
However, late complications such as occupationd asthma
caused by chloramines, increased airway responsiveness, the
reactive airways dysfunction syndrome, and decreased resid-
ual volume'17-19 have been described.

The management of chlorine poisoning follows conven-
tional approaches to poisoning.> First, render the Situation
safe and then remove the affected individual (s) from further
risk (if necessary, using suitable personal and respiratory pro-
tection). The current standard treatment is symptomatic, in-
cluding supplemental oxygen, bronchodilators, andrest. There
have been no randomized, controlled trials or large series that
establish specific treatment.

A few studies have used animal models, which involved
treatment with systemic or inhaled corticosteroids adminis-
tered immediately following high-level exposure, and those
studies showed improved pulmonary and cardiovascular func-
tion but no effect on mortality.20-22 Oral corticosteroids have
been suggested to be effective in some human case series
Another case series showed possible benefit from nebulized
sodium bicarbonate.>*

In conclusion, mortality and morbidity from swimming-
pool chlorine gas exposure are minimal, and serious injuries
have rarely been reported in hedlthy individuals. However,
thewide use of chlorineinindustria settings, household prod-
ucts, and water purification provides opportunity for inhala
tion injury, as has been described in several reports. Our case
demonstrates that such inhalation injury may include diffuse
bronchialitis, which may take many weeks to resolve.
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