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Synopsis 
Exposure to disinfection by-products in swimming pools has been associated with respiratory 
symptoms suggestive of asthma and/or altered levels of lung proteins (1-3). Evidence is 
inconclusive and mechanisms are not well understood.  
 
We measured biomarkers of lung inflammation (exhaled nitric oxide -FENO-), oxidative stress 
(8-isoprostane in exhaled breath condensate), lung permeability and immunological response 
(surfactant protein –SP-D- in serum), lung damage (Clara cell protein –CC16- in serum) and 
lung function in 48 non-smoking non-asthmatic volunteers before and after swimming during 
40 minutes in a chlorinated pool. Lifestyle data was collected through questionnaires. We 
took daily water and air samples to measure trihalomethanes (THM) and chloramines. THM 
in exhaled air was measured before and immediately after the exposure. 
 
Study subjects were exposed with an average increase of THM in exhaled air of 800%. 
Geometric mean CC16 levels before and after swimming were respectively 5.11 and 
5.54 g/l, average increase 8%, N=48, paired Wilcoxon test p-value=0.03. This increase was 
more pronounced in individuals who had swum 1000 meters or more (13% increase, p-value 
0.004, N=24). Levels of SP-D, FENO, 8-isoprostane, and lung function did not change after 
swimming.  
 
In summary, results point towards an acute respiratory epithelial injury through CC16 not 
observed on other biomarkers.  
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