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Abstract Objectives: Chloramines, which are produced
by the reaction of chlorine with the organic matter
present in indoor pools, are potential airway irritants
in swimmers. The objective of this study was to
compare the prevalence of health complaints of young
swimmers and young indoor soccer players and to
evaluate the relationship between chloramine concen-
trations and the athletes’ health complaints. Methods:
Health complaints were first (Part 1) documented by
questionnaire in 305 competitive swimmers and
499 indoor soccer players of the Québec City region
(Canada). Then, (Part 2) health complaints were
documented during five training sessions in 72 com-
petitive swimmers in comparison to 73 soccer players.
The chloramines in the swimming pool air and water
were measured as well as the peak expiratory flow
(PEF) before and after the training session. Results: In
Part 1, the swimmers reported more lower (adjusted
OR: 1.5; IC95%= 1.0–2.2) and upper respiratory

symptoms (adjusted OR: 3.7; IC95%= 2.4–5.8). In
Part 2, the swimmers experienced more frequent lower
(adjusted OR: 3.5; IC95%= 2.0–6.0) and upper
respiratory symptoms (adjusted OR: 3.1; IC95%=
1.8–5.4). Overall, swimmers exposed to the highest
levels of chloramines in the air and water had more
respiratory complaints. Conclusions: Swimmers ex-
posed to chlorination by-products in both the water
and air of indoor swimming pools experience frequent
respiratory symptoms that could potentially be
reduced by limiting exposure to these products.

Keywords Asthma Æ Wheezing Æ Respiratory diseases Æ
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Introduction

Swimming is one of the most popular sports worldwide.
It has been mentioned as an exercise that asthmatics
might do to be less susceptible to exercise-induced
asthma (Fitch and Morton 1971). It is also reported that
swimming might improve physical conditioning and re-
duce the frequency of attacks and episodic wheezing,
thus leading to a reduction in the need for medication,
visits to emergency and school absenteeism (Potts 1996).
However, the beneficial effects of swimming for asth-
matics have been challenged (Anonymous 1979, Must-
chin and Pickering 1979, Penny 1983), in part due to the
potential adverse consequences of exposure to the irri-
tant effects of chlorine and its derivatives.

Chlorine-based compounds are the basic disinfectants
generally used in pool treatment. The reactions that
occur between chlorine and organic matter result in the
formation of by-products, including chloramines
(monochloramines, dichloramines, nitrogen trichloride).
Nitrogen trichloride is a volatile compound that has
been shown to be a powerful upper respiratory irritant
(Gagnaire et al. 1994).

The aim of the present study was to examine the
effects of swimming in indoor pools on the health of
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competitive swimmers. The specific objectives were to
compare the prevalence of health problems, particularly
respiratory symptoms, in swimmers and indoor soccer
players, to document the chloramine concentrations in
the water and ambient air to which young competitive
swimmers are exposed daily, and to evaluate the rela-
tionship between this exposure and health problems
during the swimmers’ training sessions.

Materials and methods

The study was approved by the Laval University Faculty
of Medicine’s Ethics Committee. It was conducted in
accordance with national and institutional guidelines for
the protection of human subjects.

Part 1

A questionnaire was sent to 600 competitive swimmers
in the Québec City region (Canada) and 910 indoor
soccer players listed in the register of their respective
regional association in winter 2002. A reminder was sent
two weeks after the first mailing.

The self-administered questionnaire was developed
from questionnaires used by Potts (Potts 1994) and by
the International Study of Asthma and Allergies in
Childhood (ISAAC 1998). The swimmers and soccer
players were mainly asked about respiratory or irri-
tative symptoms that they generally felt when they
practiced, such as cough, lung congestion, expectora-
tion, sneezing, wheezing, breathing difficulties, throat
and eye irritation, and headache. Some symptoms
were grouped to represent lower or upper respiratory
disease (Gold et al. 1989, Monto et al. 1971). The
athlete’s medical history (lifetime asthma diagnosed by
a physician, allergies, skin problems, ear infections in
the last year, other health problems) including the
taking of medication as well as the family history of
asthma and allergies were also documented. Finally,
the questionnaire provided information on the ath-
letes’ sociodemographic characteristics (age, sex,
socioeconomic status), number of years of training,
number of training sessions per week and smoking
habits.

The chi-square test (v2) or the Fisher test was used,
whenever appropriate, to compare the proportions of
different variables for the swimmers and soccer players.
For the different symptoms, the crude and adjusted odds
ratios (OR), for swimmers compared to soccer players,
were calculated using logistical regression models. The
adjustment variables were selected among those statis-
tically associated with the type of sport (soccer or
swimming; p £ 0.15), and their potential modifying or
confounding effects were verified (with interaction term,
comparison of crude and adjusted OR and stratified
analysis). The statistical significance level was estab-
lished at 5%.

Part 2

The subjects participating in Part 2 were already in-
cluded in Part 1. After signing a consent form approved
by the Laval University Faculty of Medicine’s Ethics
Committee, a total of 72 competitive swimmers aged
8 to 22 years who trained a minimum of three times per
week for 1.5 to 3 hours per session were divided into
seven teams according to the swimming pool where they
trained, with approximately ten swimmers per group.
The comparison group consisted of 73 soccer players
between 11 and 17 years of age also training intensively,
divided into four teams (from four different gymnasi-
ums). All subjects were seen during five different training
sessions.

Peak expiratory flow (PEF) was measured three times
in each of the five training sessions with a Mini-Wright�
peak flow meter (Ferraris, NY, USA). The PEF was
measured before training (T0), and then five (T1) and
ten (T2) minutes after the end of training. On each oc-
casion, the participant had to perform three consecutive
tests. The highest of the three measurements was used in
the analyses.

Each subject evaluated his own intensity of effort
during training sessions using an adaptation of the Borg
scale, ranging from very light to very difficult (Borg
1970).

After each five training session, the participants had
to complete a questionnaire on health complaints felt
during training. This questionnaire dealt with respira-
tory symptoms (difficulty breathing, lung congestion,
wheezing respiration with or without cold, cough,
expectoration, sneezing, nose irritation, throat irritation,
nasal congestion) as well as eye irritation and headache.
Respiratory problems were grouped to represent lower
and upper respiratory symptoms (Gold et al. 1989,
Monto et al. 1971). Eye irritation and headache were the
two other categories of symptoms.

For the swimming pools, air samples were collected
to measure the chloramine concentration in the air.
Sampling was done using the technique developed by
Hery (Hery et al. 1995). The air samples were collected a
few centimeters above the water surface using four
pumps (Gilian HFS113-A) at a flow rate of 1 L/min for
the entire training session. The pumps were placed in
pairs along the edge of the swimming pools (at the center
and at one end of the swimming pool). The mean of the
results for the two pumps gave the sampling station’s
exposure value.

The swimming pool water was sampled twice (start
and end of training session) in order to determine the
concentrations of chlorine and chloramines, and the pH.
The samples were collected in 1-liter polyethylene con-
tainers and analyzed 10 hours after sampling using a
colorimetric DPD (N,N-diethyl-p-phenylenediamine)
method (Sigma-Aldrich, Oakville, Canada). The read-
ings were taken on a manual spectrophotometer (Stasar
III, Gilford Instruments, Canada). The pH at 25�C was
measured on an ABL 625 system from Radiometer
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Medical (Copenhagen, Denmark). For each of the
aqueous parameters, the mean of two measurements was
reported for each swimming pool.

Health problems in swimming pools can be related to
exposure to microbiological organisms. To detect
microbiological organisms, a water sample was collected
at the end of the training session using 250-ml sterile
plastic bottles containing 5 ml of sodium thiosulfate
(1%). The sample was stored at 4�C. The microbiolog-
ical analyses were done within 12 hours to count the
heterotrophic bacteria, Pseudomonas aeruginosa and
total and fecal coliform using techniques recommended
by the American Public Health Association (APHA
1998).

We studied the relationships between the occur-
rence of the health complaints reported during the five
training sessions in each sport (swimming vs indoor
soccer) and in relation to the level of chloramines in
the air and water for swimmers. Swimmers were
considered as more exposed if they trained in the
swimming pools with chloramine concentrations above
the median, in the air (0.37 mg/m3) or in the water
(0.63 mg/l). For the different relationships studied, we
calculated the crude and adjusted odds ratios as a
function of the relevant variables using logistical
regression analysis for repeated measures with a gen-
eralized estimating equations approach (Zeger and
Liang 1986). Variables that were significantly different
between groups and those associated with health
complaints (among sex, age, asthma and allergies) in
bivariate analysis were included initially in a multi-
variate model. The final multivariate model considered
exposure (sport, level of chloramines in air and water
for swimmers), the potential confounders and other
variables associated with health complaints (p £ 0.05).
The modifying effects of sex and age were also sys-
tematically evaluated.

The magnitude of the change in PEF between the
start and end of the training session was evaluated by
calculating, for each of the participants, delta (D) PEF
in relation to time T0 for the intervals T0 to T1 [(T1 -
T0)/T0 · 100] and T0 to T2 [(T2 - T0)/T0 · 100]. The
means of the D were compared for the two sports by
repeated-measures analysis of variance, with adjust-
ment, if necessary, for the number of training sessions
per week. We also calculated the proportion of athletes
who developed at least a 10% reduction in PEF during
at least one of the training sessions. The proportions
obtained were compared for the two sports using the
chi-square (v2) test in relation to the time interval and
the fact of having asthma. Finally, we measured the
coefficient of variation (CV) of the three PEF values
measured per training session for each individual (Ag-
garwal et al. 2000). The means of the individual CV for
each of the groups (swimmers, soccer players, swimmers
more or less exposed to the chloramines in the air and
water) were compared by repeated-measures analysis of
variance and adjustments for the pertinent variables as
needed.

Results

Part 1

A total of 305 swimmers and 499 soccer players an-
swered the questionnaire for response rates of approxi-
mately 50% and 55% respectively.

The proportion of girls was higher for the swimmers,
who were also generally older than the soccer players
(Table 1). The swimmers trained significantly more of-
ten and had been training for more years than the soccer
players. The socioeconomic indicators, as documented
by family income (p=0.55) and parents’ education
(p=0.53), and the individual susceptibility factors for
respiratory diseases (Table 1) were comparable between
the two groups.

Overall, the prevalence of symptoms was higher for
the competitive swimmers than for the soccer players
(Table 2). Except for wheezing and lung congestion
during the training sessions, a diagnosis of lifetime
asthma and the occurrence of otitis media in the last
year, the prevalence of health complaints was signifi-
cantly different in the two groups. The odds ratios ad-
justed for age, sex and the number of training sessions
per week show that swimming is associated with an in-
crease in the reporting of lower respiratory symptoms,
cough, upper respiratory symptoms, sneezing, throat
irritation, eye irritation, and otitis externa in the last
year. Similar relationships were observed after stratifi-
cations by age and sex.

Part 2

The 72 competitive swimmers who participated in Part 2
were generally comparable to the 73 soccer players with
regard to the subject’s characteristics, except for the
parents’ level of education, the number of training ses-
sions per week and the intensity of effort during training,
which were higher for the swimmers (Table 3). Duration
of training was longer for soccer players.

The pH values in the seven swimming pools varied
between 7.13 and 7.56 (mean = 7.33). No coliform or
Pseudomonas aeruginosa was detected in the water
samples collected in the swimming pools. Furthermore,
61% of the samples were positive for heterotrophic
bacteria but the counts did not exceed 32 colony forming
units per ml (data not presented). The concentrations of
chloramines in the water and air of the seven swimming
pools varied respectively between 0.45 mg/l and
1.03 mg/l (mean = 0.54 mg/l) and between 0.26 mg/m3

and 0.41 mg/m3 (mean = 0.34 mg/m3). The Pearson
correlation coefficient for the correlation between the
concentrations in air and water was 0.4 (p= 0.02).

For the chloramines in both the air and water, the
highest level of exposure was found in younger swim-
mers (aged 12 years and under, 13 to15 years, 16 years
or more; air: p=0.007; water: p< 0.001) and those who
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trained less often per week (1 to 3 times, 4 times and
more; air: p=0.003; water: p< 0.001). There was also a
significant difference between the two groups regarding
the number of years of training (3 years or less, 4 years
or more; p< 0.001) in relation to exposure by water.
Swimmers with the highest exposure had fewer years of
training. The mean duration of training sessions in
minutes (p=0.006) and the intensity of effort (very light,
light, average, difficult, very difficult; p< 0.001) were
higher for the highest level of exposure to chloramines in
the air.

The prevalence of health complaints during the five
training sessions was higher for the swimmers than the
soccer players for lower respiratory symptoms, upper
respiratory symptoms and eye irritation (Table 4). The
swimmers most exposed to the chloramines in the air
had significantly more upper respiratory symptoms and
more eye irritation (Table 4). Lower respiratory symp-
toms were significantly more frequent in the swimmers
most exposed to the chloramines in the water. Similar
relationships were observed after stratifications by age
and sex.

Table 1 Description of the
participants in the
questionnaire survey (Part 1)

aFisher test

Swimmers (n = 305) % Soccer players (n = 499) % P

Sex
Boys 33.2 59.5 < 0.001
Girls 66.8 40.5

Age
12 and under 42.9 67.6 < 0.001
13 to 15 years of age 36.3 27.1
16 years of age or more 20.8 5.4

Training sessions per week
1 to 3 times 33.0 85.4 < 0.001
4 times or more 67.0 14.6

Years of training
3 years or less 45.1 65.9 < 0.001
4 years or more 54.9 34.2

Active smokers
13 to 15 years of age 0 0.8 1.000a

16 years of age or more 1.6 4.0 0.495a

Individual susceptibility factors for respiratory diseases
Lifetime asthma 15.4 13.2 0.417
Medication for asthma 3.9 3.9 0.985
Wheezing in the last 12 months 19.2 15.7 0.203
Family asthma diathesis 20.7 21.5 0.802
Hay fever 7.5 7.6 0.968
Other allergies 43.6 37.8 0.121
Family allergic diathesis 67.8 66.3 0.655

Table 2 Prevalence of health complaints reported by competitive swimmers and indoor soccer players (Part 1)

Symptoms Swimmers (n = 305) Soccer players (n = 499) Crude OR Adjusted ORa

n (%)b n (%)b (IC 95%) (IC 95%)

During training
Lower respiratory symptoms 118 (39.5) 106 (21.7) 2.4 (1.7–3.2) 1.5 (1.0–2.2)
Cough 77 (25.6) 68 (13.7) 2.2 (1.5–3.2) 1.7 (1.1–2.7)
Lung congestion 26 (8.6) 30 (6.1) 1.4 (0.8–2.5) 0.9 (0.4–1.7)
Wheezing 28 (9.3) 30 (6.1) 1.6 (0.9–2.7) 0.7 (0.4–1.4)
Breathing difficulties 71 (23.5) 46 (9.3) 3.0 (2.0–4.5) 1.5 (0.9–2.6)
Upper respiratory symptoms 117 (38.9) 64 (13.2) 4.2 (2.9–5.9) 3.7 (2.4–5.8)
Sneezing 90 (29.8) 21 (4.3) 9.4 (5.7–15.6) 7.2 (4.0–13.1)
Throat irritation 56 (18.7) 51 (10.3) 2.0 (1.3–3.0) 2.1 (1.3–3.5)
Eye irritation 112 (37.1) 20 (4.1) 13.9 (8.4–23.0) 11.9 (6.7–21.0)
Headache 87 (29.2) 95 (19.4) 1.7 (1.2–2.4) 1.1 (0.7–1.7)
Other problems
Skin problems 61 (21.3) 48 (10.0) 2.4 (1.6–3.6) 1.5 (0.9–2.6)
Otitis externa in the last year 76 (25.9) 27 (5.6) 6.0 (3.7–9.5) 4.4 (2.5–7.7)
Otitis media in the last year 39 (13.3) 43 (8.9) 1.6 (1.0–2.5) 1.5 (0.9–2.7)
Lifetime asthma 43 (15.4) 63 (13.2) 1.2 (0.8–1.8) 1.0 (0.6–1.8)

aAdjusted for age, sex and the number of training sessions per week
bFor some variables, the percentages were not calculated for the total participants due to missing data
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The mean D PEF were low (|D| £ 2.01%) for the
intervals T0 to T1 and T0 to T2 in the two groups of
athletes. The mean D was negative for the soccer players
for the interval T0 to T2 (-0.32%) and was significantly
different from that obtained for the swimmers (2.01%)
(p = 0.038). The mean of the coefficient of variation of
the PEF values for the swimmers (5.86%) tended to be
higher than that for the soccer players (5.11%) (p=0.054).

Overall, the proportion of swimmers and soccer
players who, at least once during the five training

sessions, had a 10% or more drop in PEF with respect to
time T0 was not significantly different (p>0.300).
According to the time interval evaluated and the analysis
with or without asthmatics, these proportions varied
between 14.1% and 22.2% for swimmers and between
20.3% and 24.7% for soccer players.

In the swimmers, there was no significant difference
(p>0.120) between the means of the D PEF for the
intervals T0 to T1 (range 0.82% to 1.17%) and T0 to T2
(1.38% to 2.82%) based on the level of exposure to the

Table 3 Variables significantly different between swimmers and soccer players in Part 2

Swimmers (n=72) % Soccer players (n=73) % p

Training sessions per week
1 to 3 times 18.6 40.9 0.009
4 times or more 81.4 59.1
Parents’ education
Secondary 6.1 29.6 0.003
College 30.3 18.2
University 63.6 52.3
Intensity of efforta

Very light 11.8 11.2 <0.001
Light 25.1 28.6
Average 21.1 38.4
Difficult 27.6 18.3
Very difficult 14.6 3.6
Duration of training (mean, sd in minutes)b 87.9 (18.0) 93.3 (14.5) <0.001

aProportions were based on all five training sessions and p value were obtained with repeated measures analysis
bMeans and standard deviation were based on all five training sessions and p value were obtained with repeated measures analysis

Table 4 Prevalence of health complaints in relation to the level of exposure to chloramines (Part 2)

Symptoms

Prevalence in relation to sport Soccer players (%)b Swimmers (%)b Crude ORa (CI 95%) Adjusted ORa (CI 95%)

Lower respiratory symptomsc 18.2 46.4 3.6 (2.1–6.1) 3.5 (2.0–6.0)
Upper respiratory symptomsd 28.0 51.4 2.9 (1.7–4.8) 3.1 (1.8–5.4)
Eye irritatione 4.0 14.6 4.0 (1.5–11.0) 5.7 (1.1–28.3)
Headachef 8.0 8.1 1.0 (0.4–2.3) 0.7 (0.3–1.7)

Less exposed (%)b More exposed (%)b

Prevalence in relation to the chloramines in the air for the swimmersg

Lower respiratory symptomsc 40.4 51.4 1.6 (0.8–3.3) 1.3 (0.6–2.6)
Upper respiratory symptomsd 39.0 61.6 2.6 (1.3–4.9) 2.2 (1.0–4.8)
Eye irritatione 3.4 23.7 9.4 (3.6–25.0) 4.9 (1.9–12.5)
Headacheh 8.2 7.9 0.9 (0.3–2.7) 0.4 (0.1–1.1)
Prevalence in relation to the chloramines in the water for the swimmersi

Lower respiratory symptomsd 38.9 52.5 1.7 (0.8–3.5) 2.3 (1.0–5.2)
Upper respiratory symptomsd 54.2 49.2 0.8 (0.4–1.6) 0.8 (0.3–1.7)
Eye irritatione 19.4 10.6 0.5 (0.2–1.1) 0.5 (0.3–1.2)
Headacheh 9.0 7.3 0.7 (0.2–2.3) 0.5 (0.2–1.5)

aCalculated with repeated-measures analyses
bPercentage calculated by dividing the number of training sessions for all individuals with a health problem by the total number of training
sessions carried out by all the swimmers
cOdds ratios adjusted for self-report effort and duration of training
dOdds ratios adjusted for age, self-report effort and duration of training
eOdds ratios adjusted for allergies and duration of training
fOdds ratios adjusted for self-report effort
gSwimmers exposed to an average concentration of less than 0.37 mg/m3 versus 0.37 mg/m3 or more
hOdds ratios adjusted for sex and self-report effort
iSwimmers exposed to an average concentration of less than 0.63 mg/l versus 0.63 mg/m3 or more
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chloramines in the air and water. However, the means of
the PEF coefficients of variation in the swimmers most
exposed to the chloramines in the air and water were
significantly higher (5.85% and 5.08% respectively) than
those measured in the swimmers least exposed to these
contaminants (4.44%, p = 0.006, and 3.81%, p = 0.001
respectively).

Discussion

The participation rates in Part 1 were similar for the
swimmers and indoor soccer players, being slightly more
than 50% in both cases. It was impossible to obtain data
to compare the participants to the nonparticipants. The
two groups of athletes in Part 1 differed in the girl/boy
ratio, which was higher in the swimmers, as well as in
training intensity and duration, with the swimmers being
more trained in both cases. However, the two groups
were comparable as to socioeconomic indicators and
individual susceptibility factors for respiratory diseases,
namely smoking and a family asthma and allergic
diathesis as well as a prevalence of hay fever, other
allergies and asthma. In this regard, the 15.4% and
13.2% of asthmatic subjects among swimmers and soc-
cer players respectively, are comparable to what was
reported in a survey conducted by questionnaire that
found prevalences varying between 14.1 and 15.2% for
representative samples of young Quebecers 9, 13 and
16 years of age (ISQ 2002). From these data and the
relatively similar participation rate for the two groups,
the low participation rate does not seem to be associated
with a selection biais, and if so, it would be non differ-
ential.

Symptoms during training were reported more fre-
quently by swimmers than indoor soccer players. How-
ever, wheezing during training and the reporting of
lifetime asthma were comparable for the two groups.

In British Columbia, Potts (Potts 1994) found, using
a questionnaire, a 13.4% prevalence of asthma diag-
nosed by a physician in 738 competitive swimmers and
20.6% for those doing high level swimming. Also, 27%
and 23% of the swimmers, respectively, said that they
had fits of coughing and wheezing during their swim-
ming sessions. In this study, 26% of the swimmers said
they coughed during their training, a proportion similar
to that documented by Potts, but only 9.3% said they
suffered from wheezing.

Despite some methodological differences that affect
comparisons, several studies have shown higher pre-
valences of asthma (Helenius et al. 1998a, Langdeau
et al. 2000, Potts 1994, Weiler et al. 1998, Weiler and
Ryan 2000) and airway hyperresponsiveness (AHR)
(Helenius et al. 1998a, Helenius et al. 1998b, Lang-
deau et al. 2000, Potts 1994, Zwick et al. 1990) in
athletes than in the general population. Among ath-
letes, even if there are some conflicting results (Lang-
deau et al. 2000), swimmers seem more at risk of
having asthma (Helenius et al. 1998a, Helenius et al.

1998b, Weiler et al. 1998). However, it is clear that
they more frequently present AHR (Helenius et al.
1998a, Helenius et al. 1998b, Langdeau et al. 2000).
Helenius et al. (Helenius et al. 2002) followed
42 swimmers for 5 years, and 26 (62%) stopped
swimming before the follow-up examination. The
prevalence of asthma based on asthma symptoms and
AHR increased from 31% (5/16) to 44% (7/16) during
the five years for the active swimmers but decreased
from 23% (6/26) to 4% (1/16) for the old swimmers
(p=0.025). The authors concluded that asthma in
swimmers seems partially reversible and that it can
develop during and disappear after a sports career.

The water sampled in the seven swimming pools
visited in the Part 2 study was of good microbiological
quality and met the criteria suggested by the World
Health Organization (World Health Organization 2000).
The mean concentrations of chloramines in the air var-
ied from 0.26 to 0.41 mg/m3, which is the same order of
magnitude as those documented using the same tech-
nique in France (Hery et al. 1995, Massin et al. 1998).
There was a weak correlation between the concentra-
tions in air and water (r= 0.4, p= 0.02). Theoretically,
these variables should be strongly related but the cor-
relation depends on the ventilation in the different
buildings.

In Part 2, as in Part 1, swimmers experienced more
frequent symptoms of irritation of the eyes and respi-
ratory tract than soccer players. These symptoms were
associated with exposure to chloramines, particularly in
the air. Hery et al. (Hery et al. 1995), after having cor-
related health complaints of swimmers with exposure to
chloramines in the air of 13 swimming pools, suggested a
reference limit of 0.5 mg/m3. In the context of the actual
study, the swimmers were divided on the basis of an
exposure above 0.37 mg/m3 and the results show more
frequent symptoms with the most exposed individuals.
Consequently, if a reference limit were to be suggested, it
would be below this value. Massin et al. (Massin et al.
1998) used the same measurement technique to verify the
concentrations of chloramines in the air of 63 indoor
pools and their relationship to chronic and irritative
respiratory symptoms in 334 lifeguards. The authors
demonstrated a link between exposure and symptoms of
ocular or respiratory tract irritation but not with chronic
respiratory symptoms. There also was no relationship
between exposure and AHR.

In the current study, there was no drop in PEF in
swimmers during training and there was no difference
between the swimmers and soccer players in relation to
the proportion of subjects who had a 10% reduction
after training. However, a significantly increased vari-
ability in PEF in swimmers in relation to chloramine
exposure both in the air and water was noted. Some
authors consider that an increased variation in diurnal
PEF can be an indicator of AHR (Quackenboss et al.
1991, Zureik et al. 1995).

Thickett et al. documented occupational asthma in
two lifeguards and one swimming instructor and
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attributed this to chloramine (nitrogen trichloride)
exposure (Thickett et al. 2002). Furthermore, Bernard
et al. showed an increase in serum pneumoproteins (SP-
A, SP-B, SP-B/CC16 ratio) during a visit to an indoor
swimming pool, a relationship between these pneumo-
proteins and the cumulative use of swimming pools by
children, and a possible link between asthma and
swimming indoors (Bernard et al. 2003).

Swimming is a complete sport with enormous
advantages. In Part 1 of this study, none of the 110
swimmers from 13 to 15 years of age was an active
smoker, and only 1 (1.6%) of the 63 young people
16 years of age or older smoked showing that young
swimmers do not expose themselves to this important
risk factor for respiratory diseases. In the social and
health survey of Québec children and adolescents, the
proportions were 5% for young people 13 years of age,
and 23% for adolescents 16 years of age (ISQ 2002).
Furthermore, of the participants in Part 2 for which
there were anthropometric measurements, only 4 swim-
mers out of 72 (5.5%) were overweight and none was
obese. On the other hand, the proportion of young
Quebecers 9, 13 and 16 years of age who were over-
weight varied from 10.9% to 12.6%, and the propor-
tions of individuals truly obese, from 3.2% to 4.2% (ISQ
2002). These statistics alone reveal the importance of
continuing to promote physical activity, including
swimming, among the different sports promoted in the
population.

The current study has demonstrated that swimmers
have more irritative symptoms than soccer players in the
context of practicing their sport. The study has also
shown a link between the occurrence of these symptoms
and chloramine concentrations, particularly in the
ambient air where a significant increase in respiratory
complaints was noted at levels in the air of 0.37 mg/m3

or greater. However, it did not show a relationship be-
tween wheezing and swimming for a highly exposed
population. Nevertheless, the long-term effects of such
exposure remain to be established. The overall results
and the review of the literature have shown the impor-
tance of limiting exposure to chlorination by-products in
both the water and air of indoor swimming pools.

Even though treatment processes already exist for
reducing and even eliminating chlorination (ozone,
ultraviolet, Cu/Ag), it seems that for various reasons
(economic, effectiveness...), the replacement of existing
chlorination systems would be unrealistic over the short
term. Also, research should be undertaken to improve
the systems in order to eliminate the by-products likely
to be harmful to users and workers. In the meantime,
regulatory agencies should take into consideration po-
tential air quality problems in indoor pools by includ-
ing ventilation criteria and precise chlorination
parameters suitable for countering the microbiological
hazards. This could be achieved by attempting to limit
the generation of harmful by-products such as chlor-
amines. For technical reasons, chloramines unfortu-
nately cannot be measured routinely in the air;

however, they can be carefully monitored in the water
of swimming pools. The best guarantees against respi-
ratory system adverse effects with indoor pools are a
strengthening of hygiene measures for swimmers
(shower, swimming cap, etc.) and around the swimming
pool to limit the entry of organic matter, tight control
of the chlorination done by competent operators with
the help of automated technology, regular monitoring
of the chlorination parameters, and adequate ventila-
tion at all times.
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