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CLINICAL SCIENCE

Deleterious Effects of Swimming Pool Chlorine
on the Corneal Epithelium

Misaki Ishioka, MD,*} Naoko Kato, MD, 1} Akira Kobayashi, MD,§
Murat Dogru, MD, 1} and Kazuo Tsubota, MD}}

Purpose: To study the effect of rinsing with tap and pool water on
the ocular surface epithelium.

Methods: Twenty eyes of 10 volunteers were irrigated in the fol-
lowing order with 250 mL (50 seconds) of physiological salt solu-
tion (PSS), distilled water (DW), tap water, or PSS with chlorine
(0.5 mg/L). The pH of each fluid was 6.4, 6.8, 6.8, and 6.4, respec-
tively. Vital staining, fluorophotometric assessment, and confocal
microscopy were performed before and after imgation with each
fluid.

Results: Eyes irrigated with PSS with chlorine showed an increase
in fluorescein scores, and eyes washed with both tap water and PSS
with chlorine showed an increase in Rose Bengal scores. Comneal
fluorescein uptake measured by anterior fluorometer was not altered
by eye irrigation with PSS, DW, or tap water. However, PSS with
chlorine resulted in a significant increase in comeal fluorescein
uptake. Confocal microscopy showed comeal epithelial cell damage
in eyes rinsed with PSS with chlorine.

Conclusions: Chlorine was determined to be potentially harmful to
the coneal epithelial barrier. This study indicated the possibility that
swimming without goggles might become a risk factor for corneal
epithelial integrity, suggesting encouragement of goggle wear while
swimming.

Key Words: eye irrigation, coneal epithelial barrier, swimming pool,
goggles, chlorine

(Cornea 2008;27:40-43)

wimming in swimming pools often causes eye redness,
itchiness, and irritation, and the ophthalmic examination in
such cases may reveal superficial punctate keratitis and
conjunctival and ciliary injection.' Symptoms indicating the
presence of corneal edema such as seeing rainbows and/or
halos around lights and the presence of comeal epithelial
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are typical findings after swimming.'

Haag and Gieser' speculated that corneal epithelial
damage after swimming may be attributed to several factors:
pH, hypotonicity, chloramine, or mechanical factors. However,
they did not determine how these factors were harmful to the
ocular surface, and no additional or supplementary studies
about the relation between the epithelial impairment of the
ocular surface and swimming pool water were thereafter
reported.

Chlorine is the most commonly used disinfectant for
swimming pools and for tap water. The Japanese Board of
Education requires by law that the concentration of free resi-
dua]chlmneshmﬂdbeﬂ#lﬂmg&.,sonlsnddndmnp
water in swimming pools at schools.” Japanese school students
are required to rinse their eyes with tap water after swimming,
which has been also regulated by law by the Japanese Board of
Education.* We believe that rinsing eyes with hypotonic tap
water after swimming in chlorine-containing swimming pool
water may have additive harmful effects on the ocular surface
epithelium.

In this study, we conducted an experiment simulating the
condition of the eyes during swimming and eye rinsing, in
which the ocular surfaces of healthy volunteers were gently
irrigated with several types of fluids, and the condition of the
comeal epithelium after irrigation was assessed to evaluate
the characteristics of epithelial impairment by chlorine as
a disinfectant and hypotonicity of fluids.

MATERIALS AND METHODS

Subjects

Ten volunteers (5 women and 5 men; mean age, 34.2 =
6.1 years) were enrolled in this study. None of the subjects had
any history of eye disease, surgery, or use of ophthalmic
medications or contact lenses within 1 year before this study.
This study followed the guidelines of the tenets of the Declara-
tion of Helsinki for clinical research and was approved by the
institutional review board. Informed consent was obtained
from all subjects.

Eye Irrigation

Both eyes of volunteers were rinsed by using 4 different
fluids: physiological salt solution (PSS), distilled water (DW),
tap water, and PSS with chlorine. The pH of each fluid was 6.4,
6.8, 6.8, and 6.4, respectively. These data were confirmed just
before irrigation. Eyes without instillation of any these fluids
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were used as the controls. To prepare PSS with chlorine, a
sodium dichlorocynurate tablet (Presept; Johnson & Johnson,
Tokyo, Japan) was dissolved into PSS by adjusting the
concentration to 0.5 mg/L of residual chlorine and was used
immediately after dissolving.

Before eye irrigation, 1 drop of topical 0.4% oxy-
buprocaine hydrochloride (Benoxyl; Santen, Osaka, Japan)
was instilled in each eye. Then each eye was gently irrigated
with 250 mL of each fluid by using specially prepared bottles.
It took 50 seconds to irrigate with 250 mL of each fluid. The
sequence of irrigation was PSS, DW, tap water, and PSS with
chlorine. Between the irrigation trials with different types of
fluids, at least a 1-week interval was established. The control
eyes also received 1 drop of topical 0.4% oxybuprocaine
hydrochloride to exclude its deleterious effect.

Vital Staining
For vital staining, 2 pL of preservative-free 1% sodium
fluorescein and 1% Rose Bengal solution were instilled.* The
Rose Bengal staining was recorded in the temporal and nasal
conjunctiva and the cornea, and the severity was quantified by
a scale of 0-3 points. Thus, the maximum score obtained
from the staining of each subject was 9 points. Fluorescein
ining was also rated from 0 to 3 points, but in the comea
only.

Fluorophotometric Assessment

Comeal epithelial barrier function was evaluated by
using a slit-lamp fluorophotometer (Anterior Fluorometer FL-
500TM; Kowa, Nagoya, Japan).* In brief, a fluorophotometer
coupled with a biomicroscope was used to measure fluo-
rescence in the corneal stroma 20 minutes after instillation of
1% preservative-free sodium fluorescein, followed by gentle
washing with 20 mL of BSS-plus (Alcon, Fort Worth, TX).
The mean fluorescent intensity, which was obtained by
10 measurements before the instillation of fluorescein, was
recorded as background fluorescence. The background fiuo-
rescence was subtracted from the average of 10 fluorescein
uptake counts, and the value was converted into the cor-
responding fluorescein concentration.

Confocal Microscopy

A comeal confocal microscope (ConfoScan 2; Nidek
Technologies, Vigonza, Italy) was used to perform layer-by-
layer analyses of the central comnea. Topical 0.4% oxybupro-
caine hydrochloride (Benoxyl) was instilled in each eye before
the examination. A drop of 0.2% polyacrylic acid (Viscotirs;
CIBA Vision Ophthalmics, Rome, Italy) was placed on the
objective lens of the microscope to protect the patient’s comea
according to the manufacturer’s instructions. The objective
lens was a 40X Achroplan (Zeiss, Oberkochen, Germany)
water immersion lens, with a numeric aperture of 0.75 and
a working distance of 1.92 mm. The center of the comea was
aligned to obtain tangential optical sections of the cornea, and
the z axis was controlled by using a manual joystick. Each
comneal confocal microscopic examination was completed
within 2 minutes and encompassed 350 serial digital images.
No software was used to enhance the contrast of the images
obtained by confocal microscopy.
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Statistical Analysis

Differences in vital staining and fluorescein uptake by
anterior fluorometry between groups were evaluated by using
analysis of variance, Kruskal-Wallis test, and the nonpaired
Student 7 test. P < 0.05 was considered statistically significant.

RESULTS

Changes In Vital Staining

The mean fluorescein score of eyes irrigated with PSS or
tap water was not significantly changed compared with before
irrigation. The mean fluorescein score of eyes irrigated with
PSS with chlorine showed a significant increase compared
with before irrigation (P < 0.05; Fig. 1A). The mean Rose
Bengal score of eyes irrigated with PSS was not significantly
changed compared with before irrigation. However, the mean
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FIGURE 1. Vital staining before and after eye washing, A,
Fluorescein staining scores are significantly elevated in the PS5-
with-chlorine group compared with before irrigation. B, Rose
Bengal scores are significantly elevated in eyes irrigated with
PSS with chlorine and tap water than before irrigation and eyes
irrigated with PSS solely (*P < 0.05).
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