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The effect of exposure to chlorine
on pulmonary function tests and
respiratory and allergic symptoms
in Iranian lifeguards

MH Boskabady1,2, M Esmaeilizadeh1,2 and M Boskabady1,2

Abstract
Lifeguards are frequently exposed to various irritant chemicals including chlorine during work, which can
induce respiratory and allergic disorders. In this study, pulmonary function tests (PFTs) and self-reported
respiratory and allergic symptoms in lifeguards were compared with matched control subjects. The frequency
of respiratory and allergic symptoms was evaluated in a sample of 38 Iranian male lifeguards and 38 control
subjects with similar age, having other jobs from the general population, using a questionnaire including ques-
tions on work-related respiratory and allergic symptoms in the past year, smoking habits, and duration of
working as a lifeguard. PFTs were also measured in lifeguard subjects before and 15 min after 200 mg inhaled
salbutamol and baseline PFT in controls. A total of 22 (55%) participants reported work-related respiratory
symptoms. Sputum (39.4%) and cough (18.4%) were the most common symptoms and only 7.9% and 15.8%
of lifeguards reported wheezing and shortness of breath, respectively. Both sputum and breathlessness were
significantly higher in lifeguards than control group (p < 0.05 and p < 0.005, respectively). Most allergic symp-
toms (sneezing and runny nose) in lifeguards were also significantly greater than control group (p < 0.05 for
both cases). In addition, all respiratory (except sputum and wheezing) and allergic symptoms were significantly
higher in lifeguards during work compared with rest period (p < 0.05 to p < 0.005). Most PFT values were also
significantly lower in lifeguards than control subjects (p < 0.05 to p < 0.001). In addition, most (all) PFT values
were significantly improved after 200 mg inhaled salbutamol (p < 0.05 to p < 0.001). These results showed that
lifeguards have higher frequencies of work related respiratory symptoms and allergic symptoms particularly
during the work period. PFT values were also significantly reduced among lifeguards.
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Introduction

Swimming pools commonly are disinfected by chlor-

ination of water with hypochlorite, chlorine gas, or

chloroisocyanurates. These chlorine-based disinfec-

tants, loosely referred to as chlorine, release in to

water the hypochlorous acid, a nonselective biocide

that oxidizes all forms of organic matter in pool water

(Bernard, 2007; Erdinger et al., 1998). When chlorine

reacts with nitrogenous compound, hypochlorous acid

generates a complex mixture of harmful byproducts,

among which the most irritant are the chloramines.

Monochloramine and dichloramine (NH2Cl and

NHCl2, respectively) are water soluble. By contrast,

the trichloramine also called nitrogen trichloride
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(NCl3) is a water-insoluble gas, which gives indoor

pools their distinctive ‘chlorine’ smell (Hery et al.,

1995; Jessen, 1998). The respiratory disorders of

swimmers were attributed to the irritating effects of

trichloramine, the gas that gives indoor pools their

typical smell and can cause asthma in lifeguards

(Jacobs et al., 2007; Thickett et al., 2002).

Occupational diseases are a major concern and

many studies have been conducted to determine

high-risk occupations inducing respiratory diseases.

Respiratory and allergic symptoms are more common

among some athletes, especially those who are

exposed to noxious agents (Langdeau and Boulet,

2001). For several years, it has been known that elite

swimmers have a higher prevalence of respiratory

symptoms, asthma, and airway inflammation than

do other athletes. It was assumed that this poorer

respiratory health of swimmers was the consequence

of indoor swimming environment compared with

other sports (Helenius and Haahtela, 2000).

Lifeguards which are exposed to chlorine have

higher prevalence of respiratory and allergic disorders

(Drobnic et al., 1996). The presence of a high preva-

lence of bronchial hyperresponsiveness and asthma-

like symptoms in swimmers and swimming attendants

such as lifeguards has been reported (Fjellbirkeland

et al., 1995; Helenius et al., 1998). In addition,

exercise-induced asthma and allergic symptoms are

reported in lifeguards (Nemery et al., 2002; Zwick

et al., 1990). The effects of exposure to chlorine in

inducing respiratory disorders have been shown

(Martinez and Long 1995). Exposure to chlorine can

lead to acute lung edema, asthma, destruction of

upper and lower airway mucosa, as well as airway

hyperresponsiveness (Agabiti et al., 2001; Das and

Blanc, 1993; Nemery, 1996; Pedersen et al., 2008;

Zwick et al., 1990) Airway hyperresponsiveness, air-

way inflammation, and destruction of airway mucosa

have also been reported in swimmers (Bougault et al.,

2009a, 2009b; Helenius et al., 1998).

However, recent review articles reported that there

is no definite relationship between swimming and

asthma and more studies are required in this regard

(Bougault et al., 2009a; Goodman and Hays, 2008).

In addition, there is no information regarding respira-

tory disorders in lifeguards in Iran.

Therefore, the aims of this study were to assess

lung function and self-reported prevalence of work

related respiratory and allergic symptoms among life-

guards compared with control subjects in Mashhad

city (north-east of Iran).

Materials and methods

Population

A cross-sectional study was designed in the city of

Mashad, to assess respiratory and allergic symptoms

and lung function tests in a cohort of lifeguards who

has being exposed to pool chemicals including chlor-

ine, and a control group of unexposed subjects. The

study was performed on all lifeguards of two main

pools of Mashhad city (Razavi and Saadabad). There-

fore, the study included 38 lifeguards (male, age:

mean + SD¼ 31 + 7.51 years) and 38 matched con-

trols (male, age: mean + SD¼ 31.83 + 12.45 years).

Two lifeguards and none of the control subjects were

smokers (Table 1). Mean daily work in lifeguards was

7.51 + 1.2 h (mean + SD) and mean work history

was 12.94 + 10.96 years. The lifeguards worked in

two different pools (Razavi and Saadabad) and the

controls were selected from the same residential dis-

trict with similar age range and job, all subjects were

residents of Mashad city. Participants were selected

by nonprobable purposive method. All participants

answered the designed questionnaire by a face-to-

face interview. The study was approved by the ethical

committee of Mashhad University of Medical

Sciences, Mashhad, Iran, and all participants sign an

informed consent.

Protocol

A questionnaire derived from preexisting studies

(Bellia et al., 2003; Boskabady and Azdaki, 2005;

Boskabady and Fasihfar, 2003; National Institutes of

Health, 2007; Turcotte et al., 2003) was used to assess

the respiratory and allergic symptoms. The question-

naire included questions on exposure pattern, respira-

tory symptoms, rhinoconjunctivitis, dermal reactions,

past medical history of allergic reactions, and drug

Table 1. Characteristic of normal subjects and lifeguards

Normal
subjects Lifeguards

Number 38 38
Age (years) 31.83 + 12.45 31 + 7.51
Previous cardiovascular

disease
None None

Smoking None 6
Daily work duration (h) None 7.51 + 1.2
Total work duration

(years)
None 12.94 + 10.96
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history. Common risk factors like smoking habit,

atopy and history of allergic reactions were also

asked. Moreover, the participants answered questions

regarding all employment period as a lifeguards

(working hours per day and total working period).

They also stated whether they quit working as a life-

guard for some reason for a period of more than a year.

Respiratory and allergic symptoms of lifeguards were

evaluated during work and rest period in the week end.

Pulmonary function tests (PFTs) in lifeguards and

control subjects were measured using a spirometer

with a pneumotachograph sensor (Model ST90,

Fukuda, Sangyo Co. Ltd, Japan). Prior to pulmonary

function testing, the PFT measurement technique was

demonstrated by the operator, and the subjects were

encouraged and supervised throughout the test perfor-

mance. Pulmonary function testing was performed

using the acceptability standards outlined by the

American Thoracic Society (1995) with subjects in

a standing position and wearing nose clips. All tests

were carried out between 1000 and 1700 h, before

starting lifeguard work. PFTs were performed three

times in each subject. The highest level for forced

vital capacity (FVC), forced expiratory volume in

1 s (FEV1), peak expiratory flow (PEF), maximal mid

expiratory flow (MMEF), and maximal expiratory

flow at 75%, 50%, and 25% of the FVC (MEF75,

MEF50, and MEF25, respectively) were taken inde-

pendently from the three measurements.

The chlorine concentration of the two pools as well

as drinking water was measured using kit Palintest.

Water samples of different parts of each pool and

drinking water were collected and test tablets were

added. The color of the water was then measured

using standard solution and chlorine concentration

and pH measurement had been performed.

Data analysis

The data of PFT values and age were expressed as

mean + SD and data of respiratory and allergic

symptoms as percentage of each group having the cor-

responding symptom. Differences in the data of

symptoms between lifeguards and control group were

tested by chi-square analysis (2 � 2 contingency

tables). Differences in the data of symptoms in life-

guards between work and rest period and also

between the lifeguards of two pools were also tested

by chi-square analysis (2 � 2 contingency tables).

Differences in the data of symptoms between life-

guards and control group and also between rest and

working periods were tested by calculating odd ratio

(OR) and the 95% confidence intervals (95% CI.).

The data of PFT values between lifeguards and

control groups as well as between lifeguards of two

pools were tested using unpaired t tests. However, the

comparison in PFT values before and after 200 mg

inhaled salbutamol was tested using unpaired t tests.

A two-sided p value of 0.05 was the criterion for sta-

tistical significance. All analyses were performed

with SPSS software (version 11.5, SPSS Inc. USA).

Results

Comparison of respiratory and allergic symptoms
between lifeguards and control group

A total of 22 (55%) participants reported work-related

respiratory symptoms. Sputum (39.4%) and cough

(18.4%) were the most common symptoms and only

7.9% and 15.8% of lifeguards reported wheezing and

shortness of breath, respectively. Both sputum and

breathlessness were significantly higher in the life-

guards compared with control group (p < 0.01 and

p < 0.005, respectively, Table 2). In addition, most

allergic symptoms (sneezing and runny nose) in the

lifeguards were also significantly greater than control

group (p < 0.05 for both cases, Table 2).

The effect of the exposure with chlorine on
respiratory symptoms and PFT values

Most respiratory (except sputum and wheezing) and

all allergic symptoms were significantly higher in

lifeguards during work compared with rest period

(p < 0.05 to p < 0.005, Table 3). In addition, most

respiratory (except sputum) and allergic (except itchy

eye) symptoms were significantly higher in lifeguards

of Saadabad pool compared with Razavi pool

(p < 0.05 to p < 0.001, Table 4). The concentration

of chlorine in Saadabad pool, Razavi pool, and drink-

ing water were 2.0–2.5, 1.5–2.0, and 0.2–0.8 ppm,

respectively. The pH of Saadabad and Razavi pools

water were also 7.8–8.0 and 8.0–8.2, respectively.

Comparison of PFT values between lifeguards and
control group

Most PFT values except PEF and MEF75 (maximal

expiratory flow at 75% of the FVC) were significantly

lower in lifeguards than control subjects (p < 0.05 to

p < 0.001, Figure 1). In addition, most PFT values

except MMEF, PEF, and MEF75 were significantly
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increased due to 200 mg inhaled salbutamol in

lifeguards (p < 0.05 to p < 0.001, Figure 2). Most

PFT values except MMEF, MEF50, and MEF25

were also significantly lower in lifeguards of Saa-

dabad pool compared with Razavi pool (p < 0.05

to p < 0.01, Figure 3).

Discussion

The results of the present study showed significantly

greater respiratory symptoms and lower PFT values

in lifeguards compared with control subjects, which

indicate the effect of the exposures to chlorine on

respiratory status of these workers. The results also

Table 2. Comparison of RS and AS between control subjects and lifeguardsa

Symptoms

Control group Lifeguards

OR 95% CI Statistical differenceNo % No %

RS Cough 4 10.5 7 18.4 1.919 0.512–7.195 NS
Sputum 2 5.2 15 39.4 11.73 2.453–26.168 p < 0.001
Shortness of breath 1 2.6 6 15.8 7.161 0.818–32.728 p < 0.01
Wheezing 1 2.6 3 7.9 3.171 0.315–31.946 NS

AS Sneezing 3 7.9 9 23.7 5.621 0.896–14.628 p < 0.05
Runny nose 4 10.5 12 31.6 4.923 1.134–13.576 p < 0.05
Itchy eye 3 7.9 4 10.5 1.373 0.286–6.595 NS

RS: respiratory symptom; AS: allergic symptom; NS: nonsignificant differences; OR: odd ratio; CI: confidence interval.
aValues are presented as the number and percentage of subjects of each group having the corresponding symptoms (for each group
n ¼ 38).

Table 3. Comparison of RS and AS in lifeguards between rest and work perioda

Symptoms

Rest period Work period

OR 95% CI Statistical differenceNo % No %

RS Cough 2 5.2 7 18.4 5.065 0.786–14.021 p < 0.05
Sputum 5 13.2 10 26.3 1.905 0.614–5.909 NS
Shortness of breath 1 2.6 7 18.4 8.355 0.974–34.650 p < 0.005
Wheezing 0 0 5 8.6 – Infinity–Infinity NS

AS Sneezing 1 2.6 7 18.4 8.355 0.974–34.650 p < 0.005
Runny nose 2 5.2 7 18.4 5.065 0.786–14.021 p < 0.05
Itchy eye 1 2.6 6 15.8 6.93 0.793–40.714 p < 0.01

RS: respiratory symptom; AS: allergic symptom; NS: nonsignificant differences; OR: odd ratio; CI: confidence interval.
aValues are presented as the number and percentage of subjects of each group having the corresponding symptoms (n ¼ 38).

Table 4. Comparison of RS and AS between the lifeguards of two pools (Razavi, n ¼ 24 and Saadabad, n ¼ 14)a

Symptoms

Razavi Saadabad

OR 95% CI Statistical differenceNo % No %

RS Cough 1 4.2 6 42.9 17.25 1.792–66.088 p < 0.001
Sputum 7 29.2 8 57.1 7.238 0.817–22.828 p < 0.01
Shortness of breath 3 12.5 3 21.4 1.909 0.329–11.082 NS
Wheezing 1 4.2 2 14.3 4.833 0.315–26.693 p < 0.05

AS Sneezing 4 16.7 5 35.7 4.778 0.600–18.856 p < 0.05
Runny nose 5 20.8 7 50.0 4.8 0.902–16.008 p < 0.05
Itchy eye 2 8.3 2 14.3 1.833 0.229–14.709 NS

RS: respiratory symptom; AS: allergic symptom; NS: nonsignificant differences; OR: odd ratio; CI: confidence interval
aValues are presented as the number and percentage of subjects of each group having the corresponding symptoms.
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demonstrated a significantly greater incidence of most

allergic symptoms among lifeguards indicating that

irritant chemicals related to chlorine can induce

allergy in people working as lifeguards. In addition,

the respiratory and allergic symptoms were signifi-

cantly higher while lifeguards were at work when

compared with while they were not. This finding

confirms that exposure to chlorine in work environ-

ment induces respiratory and allergic symptoms.

The results of the present study supported by sev-

eral previous studies showed increased respiratory

and allergic symptoms among lifeguards after expo-

sure to chlorine (Cantor, 1994; Drobnic et al., 1996;

Martinez and Long 1995; Nieuwenhuijsen et al.,

2000) which support increasing respiratory symptoms

of the present study. In addition, the exposure to

chlorine can induce bronchial hyperresponsiveness

and asthma-like and allergic symptoms (Fjellbirkeland

et al., 1995; Helenius et al., 1998; Nemery et al., 2002;

Zwick et al., 1990), which also support the finding of

the present study.

However, the findings of our study more clearly

indicate the effect of exposure to chlorine on respira-

tory and allergic symptoms as well as PFT values. The

results showed increased respiratory and allergic

symptoms in lifeguards while they are at work when

compared with their rest period. More importantly,

the results showed greater respiratory and allergic

symptoms and lower PFT values among lifeguards

were worked in the Saadabad pool with higher chlor-

ine concentration compared with those working in the

Razavi pool. In addition, the chlorine concentration of

both pools was much higher than that of drinking

water. These observations confirm that exposure to

chlorine in lifeguards is mainly responsible for the

development of allergic and respiratory symptoms.
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Figure 1. Comparison of PFTs between control subjects
(fine-filled bars) and lifeguards (medium-filled bars, for each
group n¼ 38). Values were presents as mean + SD. Statis-
tical significance between two groups: *p < 0.05;
**p < 0.005; ***p < 0.001. FVC: forced vital capacity; FEV1:
forced expiratory volume in 1s; MMEF: maximal mid expira-
tory flow; PEF: peak expiratory flow; MEF75, MEF50, and
MEF25: maximal expiratory flow at 75%, 50%, and 25% of the
FVC, respectively; PFT: pulmonary functional test.
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Figure 2. Comparison of PFTs before (fine-filled bars) and
after 200 mg inhaled salbutamol (medium-filled bars) in life-
guards (n ¼ 38). Values were presented as mean + SD.
Statistical significance in PFT values between before and
after inhaled salbutamol; *p < 0.02; **p < 0.005;
***p < 0.001. FVC: forced vital capacity; FEV1: forced
expiratory volume in 1s; MMEF: maximal mid expiratory
flow; PEF: peak expiratory flow; MEF75, MEF50, and MEF25:
maximal expiratory flow at 75%, 50%, and 25% of the FVC,
respectively; PFT: pulmonary functional test.
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Figure 3. Comparison of PFTs between lifeguards of
Razavi (fine-filled bars) and Saadabad (medium-filled bars)
pools (for Razavi and Saadabad pools, n ¼ 24 and 14,
respectively). Values were presents as mean + SD. Statis-
tical significance between lifeguards of Razavi and Saadabad
pools; *p < 0.05; **p < 0.01. FVC: forced vital capacity;
FEV1: forced expiratory volume in 1s; MMEF: maximal mid
expiratory flow; PEF: peak expiratory flow; MEF75, MEF50,
and MEF25: maximal expiratory flow at 75%, 50%, and 25%
of the FVC, respectively; PFT: pulmonary functional test.
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However, reduction in PFT values and existence of

respiratory symptoms in rest period in lifeguards

indicate a permanent respiratory change in these

workers.

The results of our study showed a considerable

reduction in PFT values in lifeguards when compared

with control subject. In fact, the effect of acute inha-

lation of gas on pulmonary function changes has

already been shown (Ploysongsang et al., 1982),

which supports the finding of the present study.

Rotman et al. (1983) also indicate that an 8-h

exposure of humans to chlorine concentration less

than that of the present study (1 ppm) resulted in a

sensory irritation and changes in pulmonary

functions. The reason for less obvious reduction

in PEF and MEF75 values in lifeguards in the

present study may indicate the higher effect of

exposure to chlorine on smaller airways (Cots and

Leathart, 1993). The other important finding of the

present study was increased PFT values due to

inhaled salbutamol. These results indicated reversi-

ble airway constriction in these workers, which is

more compatible with the induction of asthma due

to exposure to chlorine.

Although, recent review articles reported that there

is no definite relationship between swimming and

asthma (Bougault et al., 2009a; Goodman and Hays,

2008), the results of the present study showed a clear

increased respiratory and allergic symptoms as well

as reduction in PFT values in lifeguards. Lifeguards

may differ with swimmers in the duration of exposing

to chlorine. In addition, the chlorine concentration in

different pools may vary which will differ in the effect

on respiratory and allergic status as was seen for

Saadabad and Razavi pools in the present study.

In conclusion, the results of this study showed that

lifeguards were associated with a higher frequency of

work related allergic and respiratory symptoms. The

symptoms particularly aggravated after exposure to

chlorine at working time. PFT values were also signif-

icantly reduced among lifeguards when compared

with normal control subjects indicating a permanent

change in respiratory system in this occupational

group. The results indicate a clear relationship of

exposure to chlorine on respiratory and allergic status.

Funding

This study was financially supported by the Research

Council of Mashhad University of Medical Sciences,

Mashhad, Islamic Republic of Iran.

References

Agabiti N, Ancona C, Forastiere F, Di Napoli A, Lo Presti

E, Corbo GM, et al. (2001) Short term respiratory effects

of acute exposure to due to a swimming pool accident.

Occupational and Environmental Medicine 58:

399–404.

American Thoracic Society (1995) Standardization of

spirometry: 1994 update. Official statement of american

thoracic society. American Journal of Respiratory and

Critical Care Medicine 152: 1107–1136.

Bellia V, Pistelli F, Giannini D, Scichilone N, Catalano F,

Spatafora M, et al. (2003) Questionnaires, spirometry

and PEF monitoring in epidemiological studies on

elderly respiratory patients. European Respiratory

Journal 21(Suppl. 40): 21s–27s.

Bernard A (2007) Chlorination products: emerging links

with allergic diseases. Current Medicinal Chemistry

14: 1771–1782.

Boskabady MH, Azdaki N (2005) Effect of inhalation

technique on the bronchodilatory response to the salbu-

tamol inhaler in asthmatic patients. Turkish Respiratory

Journal 6: 10–14.

Boskabady MH, Fasihfar M (2003) Correlation between

symptom score, reversibility of pulmonary function tests

and treatment response in asthma. Iranian Journal of

Allergy, Asthma and Immunology 2: 61–67.

Bougault V, Turmel J, Levesque B, and Louis-Boulet LP

(2009a) The respiratory health of swimmers. Sports

Medicine 39: 295–312.

Bougault V, Turmel J, St Laurent J, Bertrand M, and Boulet

LP (2009b) Asthma, airway inflammation and epithelial

damage in swimmers and cold-air athletes. European

Respiratory Journal 33: 740–746

Cantor KP (1994) Water chlorination, mutagenicity, and

cancer epidemiology. American Journal of Public

Health 84: 1211–1213.

Cots JE, Leathart GL (1993) Lung fuction, assessment and

application in medicine. 5th ed. London: Blackwell

Scientific Publication, p. 144.

Das R, Blanc PD (1993) Gas exposure and the lung:

a review. Toxicology and Industrial Health 9:

439–455.

Drobnic F, Freixa A, Casan P, Sanchis J, and Guardino X

(1996) Assessment of exposure in swimmers during

training. Medicine and Science in Sports and Exercise

28: 271–274.

Erdinger L, Kirsch F, and Sonnntag HG (1998) Irritating

effects of disinfection by products in swimming pools.

Zentralblatt fur Hygiene and Umweltmedizin 200:

491–503.

6 Toxicology and Industrial Health

 at Ist Dermopatico dellÀ TImmaco on August 6, 2012tih.sagepub.comDownloaded from 

http://tih.sagepub.com/


Fjellbirkeland L, Gulsvik A, and Walloe A (1995)

Swimming-induced asthma Tidsskr Nor Laegeforen

115: 2051–2053.

Goodman M, Hays S (2008) Asthma and swimming: a

meta-analysis. Journal of Asthma 45: 639–647.

Helenius I, Haahtela T (2000) Allergy and asthma in elite

summer sport athletes. Journal of Allergy and Clinical

Immunology 106: 444–452.

Helenius IJ, Rytila P, Metso T, Haahtela T, Venge P, and

Tikkanen HO (1998) Respiratory symptoms, bronchial

responsiveness, and cellular characteristics of induced

sputum in elite swimmers. Allergy 53: 346–352.

Hery M, Hecht G, Gerber JM, Gendre J, Hubert G, and

Rebuffaud J (1995) Exposure to chloramines in the

atmosphere of indoor swimming pools. Annals of Occu-

pational Hygiene 39: 427–439.

Jacobs JH, Spaan S, van Rooy GB, Meliefste C, Zaat VA,

Rooyackers JM, et al. (2007) Exposure to trichlora-

mine and respiratory symptoms in indoor swimming

pool workers. European Respiratory Journal 29:

690–698.

Jessen HJ (1998) Chloramine concentrations in the air of

indoor baths. Zeitschrift für die Gesamte Hygiene 34:

248–250.

Langdeau JB, Boulet LP (2001) Prevalence and mechan-

isms of development of asthma and airway hyperrespon-

siveness in athletes. Sports Medicine 31: 601–616.

Martinez TT, Long C (1995) Explosion risk from swim-

ming pool chlorinators and review of toxicity. Clinical

Toxicology 33: 349–354.

National Institutes of Health (2007) Global strategy for

asthma management and prevention. NHBLI workshop

report, Publication No. 02–3659, January. Bethesda,

MD: National Institutes of Health.

Nemery B (1996) Late consequences of accidental expo-

sure to inhaled irritants: RADS and the Bhopal disaster.

European Respiratory Journal 9: 1973–1976.

Nemery B, Hoet PHM, and Nowak D (2002) Indoor swim-

ming pools, water chlorination and respiratory health.

European Respiratory Journal 19: 790–793.

Nieuwenhuijsen MJ, Toledano MB, Eaton NE, Fawell J,

and Elliott P (2000) Chlorination disinfection bypro-

ducts in water and their association with adverse repro-

ductive outcomes: a review. Occupational and

Environmental Medicine 57: 73–85.

Pedersen L, Lund TK, Barnes PJ, Kharitonov SA, and

Backe RV (2008) Airway responsiveness and inflamma-

tion in adolescent elite swimmers. Journal of Allergy

and Clinical Immunology 122: 322–327.

Ploysongsang Y, Beach BC, and DiLisio RE (1982)

Pulmonary function changes after acute inhalation of

gas. Southern Medical Journal 75: 23–26.

Rotman HH, Fliegelman MJ, Moore T, Smith RG, Anglen

DM, Kowalski CJ, et al. (1983). Effects of low concen-

trations of on pulmonary function in humans. Journal of

Applied Physiology 54: 1120–1124.

Thickett K, McCoach J, Gerber J, Sadhra S, and Burge P

(2002) Occupational asthma caused by chloramines in

indoor swimming-pool air. European Respiratory Jour-

nal 19: 827–832.

Turcotte H, Langdeau JB, Bowie DM, and Boulet LP

(2003) Are questionnaires on respiratory symptoms

reliable predictors of airway hyperresponsiveness in

athletes and sedentary subjects? Journal of Asthma 40:

71–80.

Zwick H, Popp W, Budik G, Wanke T, and Rauscher H

(1990) Increased sensitization to aeroallergens in

competitive swimmers. Lung 168: 111–115.

Boskabady et al. 7

 at Ist Dermopatico dellÀ TImmaco on August 6, 2012tih.sagepub.comDownloaded from 

http://tih.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


