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Chemical risks 
(DBPs)



More than 100 DBPs identified in 2 swimming pools in Barcelona

Richardson et al. EHP 2010



Complex exposure scenario
- Complex mixture (>700 substances)

- Heterogeneous physico-chemical properties (volatility/permeability)

- Multiple exposure pathways:

- Inhalation

- Skin absorption

- (Ingestion)

TOTAL 
INTERNAL DOSE
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Learn swimming Risk of infections

Fun

Physical activity

Risk of drowning

DBP exposure

Swimming in pools



General 
population

(recreational 
swimming)

Professional swimmers Pool workers



Lomax 2016, Open Access J Sports Med

The prevalence of airway dysfunction in elite 
swimmers is among the highest in elite athletes.

Airway dysfunction…
• Does not prevent success in elite level swimming.

• Neither does it inhibit lung growth 
• Might be partially reversible when elite swimmers retire from competition

Asthma diagnosis among elite swimmers vs. other 
elite athletes Meta analysis: 2.57 (1.87-3.54)

Goodman & Hayes 2008, J Asthma



Bureau 2017, Int J Environ Health Res

Indoor swimming pool environments and self-reported 
irritative and respiratory symptoms among lifeguards



General population (recreational swimming)

Adults
Pregnant 
women Babies Children



Is swimming during pregnancy a safe exercise?
Juhl 2010, Epidemiology



Baby swimming 

Study Outcomes Findings 

Nyastad 2003 Recurrent respiratory tract infections, 
Otitis (<1 yr)

+ (if atopic parents)

Nyastad 2008 LRTI, wheeze, otitis (6-18 months) + (if atopic parents)

Bernard 2007 Lung damage biomarkers
Asthma, bronchitis (10-13 yrs)

+

Schoefer 2008 Diarrhea, otitis, airway infections (<1 yr)
Asthma (6 yrs)

+

Voisin 2010 Bronchiolitis (< 2 yrs) +

Font-Ribera 2013 LRTI, wheezing, persistent cough, atopic 
eczema, otitis (1 yr)

-



Swimming attendance during childhood and 
development of asthma: Meta-analysis

Valeriani 2017 Pediatrics Int.

1.084    0.89    1.31



Evidence of animal carcinogenicity 

THM Chloroform Sufficient 
Bromodichloromethane Sufficient 
Dibromochloromethane Limited 
Bromoform Limited 

HAA Dichloroacetic acid Sufficient 
Trichloroacetic acid Limited 

other MX Limited 
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Swimming in pools and adult cancer?

Bladder
+ Villanueva CM et al 2007
- Beane-Freeman et al. 2017

Melanoma
+ Nelemans et al. 1994

Breast ???
Colorectal ???

Physical activity is protective



Studies of 
biomarkers in adults

PISCINA - Projecte 
d’Investigació sobre Compostos 

Irritants i Natació

PISCINA 1 – 2007
N=50

PISCINA 2 – 2013
N=116



Objectives
- Evaluate DBP exposure in adult volunteers swimming in a 

pool

- Evaluate the association with biomarkers of:

• Genetic damage (Micronuclei, mutagenicity)

• Respiratory damage (Serum CC16)

• Omic profiles



- Participants: 18 to 40 years old, non-smokers, non professional 

swimmers. 

Study design

Environmental DBP levels
Physical activity

Biological samples:    -Internal dose
-biomarkers of effect

Swimming  40 min 

1 week without swimming
1 day without physical activity



Micronuclei



Serum CC16
• Lung surfactant protein, secreted by club cells (Clara)
• Blood levels indicate lung epithelium damage

CC16



Urine mutagenicity
In vitro assay (Salmonella YG 1024 + S9) – Ames test



Physical activity

40 minutes at a relaxed pace

1 technician per participant
- Distance (number of pools)
- Active time (direct count)



Physical activity
Heart rate (pulsometer)

- Low (<50% maximum HR)
- Moderate (50-69%)
- Hard (>69%)

Polar RCX 5



Results Results



More than 100 DBPs identified in 2 swimming pools in Barcelona

Richardson et al. EHP 2010



Levels of THMs in the pool water

1. Chowdhury et al. 2014
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Halogens

Trihalomethanes =  Tri  + halo  +  methane

• Density

• Lipophilicity, skin permeability

• Genotoxicity

• Disinfectant capacity

• Volatility 
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N=26 days       Mean=480 µg/m³ (SD=133.5)  

Range= 248 - 858.3

As₂O₃ impregnated filters -
IRAS  

In PISCINA-1, 6 days measured: 
mean= 290 µg/m³ 
Range= 170 – 430  

µg/m³ 

Trichloamine in air (PISCINA 2)



THM in exhaled breath (µg/m3) and creat. adj. TCAA in urine (µmol/mol)

Internal dose biomarkers (PISCINA 2)



Physical activity

Median (IQR)
Chloroform 

exhaled 
breath 

B-THM 
exhaled 
breath 

C. adj TCAA 
urine

Number of pools 42 (34-49)
Distance swam (km) 1.0 (0.85, 1.22) 0.26** 0.21* -0.32*

Energy expenditure (Kcal) 204.5 
(166.9-254-6) 0.27** 0.24** -0.33**

Active time (min) 35.3 (29.8-38.7) 0.05 0.14 0.03

Did you swallow water?

I’m sure I didn’t 19.8%

I’m not sure 26.7%

Yes, some 50%

Yes, quite a lot 3.4%

* pvalue<0.05   **pvalue<0.01

Spearman correlation



MN in lymphocytes (pre - 1 hour post)  N=115

mean pvalue
Before 4
1h after 4
Difference 0 0.185

MN per 1000 binucleated lymphocytes

PISCINA-1
Spearman ρ 95%CI β Coef IC95%

Chloroform breath -0.16 -0.35, 0.04 0.29 (-0.27, 0.85)
Bromodichloromethane 1.92 (0.21, 3.63)
Dibromochloromethane 1.71 (-0.02, 3.44)
Bromoform 5.04 (1.23, 8.84)
TTHM breath -0.15 -0.34, 0.05 0.30 (-0.05, 0.64)
Br-THM -0.05 -0.25, 0.14

TCAA urine -0.02 -0.21, 0.17

Kcalories 0.0003 -0.19, 0.18

Correlation between change in MN and increase in 
exposure

Villanueva CM 2019



MN in reticulocytes (pre - 4 days post)  N=19

• Assay performed in the second half of the study sample (Oct-Dec 2013) 

• 47.7% with undetectable isolated cells 

• 19 subjects with detectable levels in both pre and post sample 

• Mean number of cells counted = 27,251.2 / sample

MN per 1.000 reticulocytes

median pvalue
Before 0.9
4 days after 1.1
Difference 0.4 0.277

Villanueva CM 2019



MN in reticulocytes (pre - 4 days post)  N=19

ρ (95%CI)
Chloroform breath 0.50 0.07, 0.93
Brominated THM breath 0.55 0.13, 0.97
TTHM breath 0.56 0.14, 0.97

TCAA urine -0.59 -0.94, -0.24

Distance swam -0.01 -0.47, 0.45

Spearman correlation coefficient between change in MN and 
increase in exposure:

Villanueva CM 2019



PISCINA-1

Median pvalue Median 
Ptile 25, 

75 pvalue

Before 11.1 6.01 3.9, 7.7

1h After 10.5 6.21 4.6, 8.4

Difference -0.5 0.289 0.47 -0.3, 1.1 0.03

Serum CC16 (ng/mL)    N=105

Serum CC16 

Villanueva CM 2019



Spearman ρ (95%CI) PISCINA1
Trichloramine air -0.03 (-0.18, 0.25)

Cl3CH breath -0.01 (-0.20, 0.18) 0.24 (-0.44, 0.92)
BDCM breath 0.55 (0.08, 1.02)
DBCM breath 1.92 (1.19, 2.67)
Br3CH breath 1.21 (0.59, 1.82)
TTHM breath -0.01 (-0.21, 0.18) 0.59 (0.02, 1.18)
Br-THMs -0.05 (-0.25, 0.14)

Kcalories 1.04 (0.37, 1.73)

Adjusted by sex, BMI 
and Kcalories. 

Correlation between change in CC16 and increase in exposure (N=105):

Serum CC16 



Urine mutagenicity (n=88) 

Spearman ρ (95%CI) PISCINA-1

Cl3CH breath -0.13 (-0.33, 0.08) 0.33 (-0.22, 0.89)

BDCM breath 0.61 (-1.12, 2.35)

DBCM breath 0.92 (-0.75, 2.59)

Br3CH breath 5.27 (1.80, 8.75)

TTHM breath -0.14 (-0.36, 0.07) 0.24 (-0.11, 0.58)

Br-THM -0.14 (-0.36, 0.07)

Correlation between change in mutagenicity and an IQR increase in exposure:

Salmonella YG 1024 + S9

Villanueva CM 2019







Some concluding ideas
• Swimming in pools is related to adverse health outcomes in specific 

populations (e.g. pool workers, elite swimmers)

• Among the general population, swimming in pools involve 
exposure to potentially harmful chemicals (DBPs) but also to the 
positive effects of physical exercise

• Recommendations should be tailored to specific target populations

• Reduction of brominated THMs have shown to reduce biological 
responses in swimmers at the molecular level (genotoxicity, lung 
permeability)

• Most studies are focused on chlorinated pools. There is limited 
scientific evidence on alternative disinfection methods.



Center Role in the study

Christian Zwiener Univ. Tübingen THM, HAA, HAN, HK water

Joan Grimalt, Esther Marco IDAEA-CSIC, Barcelona THM exhaled breath

Dick Heederik, Jack Spithoven Univ. Utrecht Trichloramine air

Bill Mitch Stanford University NDMA water

Xiangru Zhang, Jiaqi Liu Hong Kong University TOx water

Susan Richardson, Cristina Postigo Univ. South Carolina DBP screening water

David DeMarini EPA, US Mutagenicity water

Michael Plewa Univ. Illinois Cytotoxicity water
Tamara Grummt, Ralf Junek German FEA Mutagenicity urine

Susana Pastor, Ricard Marcos UAB, Barcelona Micronuclei PBL

Lilliane Abramsson NFA, Uppsala Micronuclei reticulocytes

Marie Pedersen DCRC, Denmark MN assessment

Esther Barreiro IMIM, Barcelona CC16 serum 
Dinesh K. Barupal IARC, Lyon Metabolomics, lab
George Preston, David Philips KCL, London Adductomics, lab, stat analysis
Almudena Espín, Jos Kleinjans Maastricht Univ. Transcriptomics, lab, stat analysis
Alessio Naccarati HuGeF Genotying

Paolo Vineis, Karin van Veldhoven ICL, London EXPOsOMICS PI, metab. Stat. analysis
Laia Font, Cristina Villanueva, Lourdes Arjona, 
Jeroen de Bont, Lluïsa Tarès, Manolis Kogevinas

CREAL, Barcelona Design, field work, stat. analysis, 
coordination

PISCINA2 - PARTNERS



Manolis Kogevinas Laia Font
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