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More than 100 DBPs identified in 2 swimming pools in Barcelona

Haloalkanes
Chloroform?
Bromodichloromethane
Dibromochloromethane
Bromoform
Dibromomethane
Bromotrichloromethane
Dibromodichloromethane
1,1,2-Trichloroethane

Haloacetic acids
Chloroacetic acid
Bromoacetic acid
Dichloroacetic acid
Bromochloroacetic acid
Dibromoacetic acid
Trichloroacetic acid
Bromodichloroacetic acid
Dibromochloroacetic acid
Tribromoacetic acid

Other haloacids
3-Bromopropenoic acid
2.2-Dichloropropanaic acid
3.3-Dichloropropenoic acid
cis-2 3-Bromochloropropenoic acid
trans-2. 3-Bromochloropropenoic acid
2 3-Dibromopropanoic acid
cis-2 3-Dibromopropenoic acid
trans-2,3-Dibromopropenoic acid
3,3-Dibromopropenoic acid
Trichlaropropenoic acid
2-Bromo-3,3-dichloropropenoic acid

(E)-3-Bromo-2 3-dichloropropenoic acid
(Z)-3-Bromo-2, 3-dichloropropenoic acid

2.2-Dichlorobutanoic acid
cis-Bromobutenoic acid
trans-Bromobutenoic acid
2.2-Dichlorobutenoic acid
2.3-Dibromobutenoic acid
2-Chloro-3-methylbutanoic acid
Chlorophenylacetic acid
3.5-Dibromobenzoic acid
Tribromopropenaic acid

Halodiacids
cis-Bromobutenedioic acid
trans-Bromobutenedioic acid
cis-Dichlorobutenedioic acid
trans-Dichlorobutenedioic acid
cis-Bromochlorobutenedioic acid
trans-Bromochlorobutenedioic acid
cis-Dibromobutenadioic acid
(E)-2-Chloro-3-methylbutenedioic acid
( B)-2-Bromo-3-methylbutenedioic acid
Haloaldehydes
Dichloroacataldehyde
Bromochloroacetaldehyde
Dibromoacetaldehyde
Trichloroacetaldehyde (chioral hydrate)
Bromodichloroacetaldehyde
Dibromochloroacetaldehyde
Tribromoacetaldehyde
3-Bromo-4-methoxybenzaldehyde
Halonitriles
Bromoacetonitrile
Dichloroacetonitrile
Bromochloroacetonitrile
Dibromoacetonitrile
Trichloroacetonitrile

Haloketones
Bromopropanone
1,1-Dichloropropanone
1-Bromo-1-chlorapropanone
1,1-Dibromopropanone
1,3-Dibromopropanone
1,1,1-Trichloropropanone
1,1,3-Trichloropropanone
1-Bromo-1,1-dichloropropanone
1,1,1-Tribromopropanone
1,1,3 3-Tetrachloropropanone
1,1-Dibromo-3,3-dichloropropanone
Pentachloropropanone
Dichlorofurandione
1-Chloro-2-butanone
1-Bromo-2-butanone
Tetrachlorohydroguinone

Halonitromethanes
Dibromonitromethane

Haloamides
Dichloroacetamide
Bromochloroacetamide
Dibromoacetamide
Bromodichloroacetamide
Dibromochloroacetamide
Tribromoacetamide

Haloalcohols

2,2 2-Trichloroethanol
1,1,1-Trichloropropanol

Other halogenated DBPs

3-Chlorobenzeneacetonitrile
2,6-Dichloro-4-methylphenol
2-Bromo-4-chlorophenol
Trichlorophenol
Bromodichlorophenol
Tribromophenol
2-Bromo-4-chloro-6-methylphenal
Dibromomethylphenol
2,4-Dibromo-1-methoxybenzene
2,3.4-Trichlorobenzeneamine
Dibromochloroaniline
2-Bromo-4-chloroanisole

3.4 5-Tribromo- 7H-pyrazole
2,6-Dibromo-4-nitrophenol
2,6-Dibromo-4-nitrobenzeneamine

Nonhalogenated DBPs/contaminants

Propionamide
Benzaldehyde

Benzoic acid methyl ester
Benzeneacetonitrile
Phthalic acid
Diethylphthalate
Benzophenone

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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Swimming in pools

Fun Risk of drowning
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Learn swimming Risk of infections
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Professional swimmers

Pool workers
~ M ’

General
population
(recreational
swimming)



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

Goodman & Hayes 2008, J Asthma

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

Lomax 2016, Open Access J Sports Med



Indoor swimming pool environments and self-reported

irritative and respiratory symptoms among lifeguards
Bureau 2017, Int J Environ Health Res

Length of occupational exposure, previ-
ous 12 months (h)

0 Throat irritation99” 1.00
1.62 1.00-2.63
1-500vs. 0 2.47 1.44-424

>500 vs. 0 Eye irritati«:nn‘-"‘-j 1.00
Symptoms, previous  Adjusted i'gi ;i;:;g;

12 months OR 95 % U Hoarseness: 1.00
Cough?-* 1.00 1.09 0.65-1.83
0.97 0.60-1.55 1.79 1.04-3.08

X 2.54 1.51-4.25 |51 URT symptoms©ah 1.00
Sputum®= 1.00 0.83 0.49-1.40
1.51 0.84-2.73 1.52 0.77-2.99

. 1.82 0.96-3.45 1 LRT symptoms<=9 1.00
Lung congestion® 1.00 0.81 0.52-1.27
0.84 0.34-2.07 1.62 0.96-2.72

Sneezing<e! :g:} 0.62-3.68 4 Respiratory symptoms<¢s®  1.00
- : 0.90 0.52-1.55
0.77 0.50-1.18 ‘ 162 0.80-3.30

1.00 0.62-1.62



General population (recreational swimming)

Pregnant
women




Is swimming during pregnancy a safe exercise?

Juhl 2010, Epidemiology Swimming
Measure of Association”
(95% CI)
Preterm birth (HR)® 0.80 (0.72 to 0.88)
Postterm birth (OR) 0.97 (0.90 to 1.04)
SGA (HR)® 0.97 (0.90 to 1.04)
Birth weight (g)¢ 7 (—3 to 16)
Length (cm)? 0.02 (—0.03 to 0.06)
Ponderal index ((g*100)/cm’) 0.002 (—0.004 to 0.008)
Head circumference (cm)4 —0.03 (—=0.06 to 0.007)
Abdominal circumference (cm)? 0.02 (—0.02 to 0.07)
Placental weight (g)° —1 (—4 to 2)
Congenital malformations, any (OR) 0.89 (0.80 to 0.98)
Circulatory system (OR) 1.01 (0.82 to 1.25)
Respiratory system (OR) 0.59 (0.29 to 1.17)
Cleft lip/palate (OR) 0.63 (0.35to 1.13)



Baby swimming

Nyastad 2003 Recurrent respiratory tract infections, + (if atopic parents)
Otitis (<1 yr)
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.

Study Statistics OR and 95% CI

OR Ll]'_\'l"_ﬂl' UI:JDBI'

limit limit Z-value P-value
Andersson (2015}  1.490 1019 2378 20586  0.040
Bernard (2006)*’ 1.630 0729 3645 1,190  0.234
Bernard (2007) 42 2300 0906 S5.89 1752  0.080
Font-Ribera (2011)°  0.830 0551 1251 —0.890  0.374
Kohhammer (2006)"> 0.760 0499 1.158 -1.278  0.201
Lévesque (2006)"° 1,200 0.800 1.000 0.881  0.378
Schoefer (2008) 0,579 0230 1.454 —1.163 0.245

1.084 0.89 1.31 0841 0401

0.01 0.1 1 10 100



International Agency for Research on Cancer

Evidence of animal carcinogenicity  /zss world Health
4 'ﬁﬁ Organization

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 ??? Physical activity is protective
Colorectal ???
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Objectives

- Evaluate DBP exposure in adult volunteers swimming in a
pool
- Evaluate the association with biomarkers of:

e Genetic damage (Micronuclei, mutagenicity)

e Respiratory damage (Serum CC16)

 Omic profiles



Study design

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

swimmers.

Biological samples: Internal dose
biomarkers of effect

—H Swimming 40 min I—; ‘ ‘ ‘

1 week without swimming < >
1 day without physical activity

Environmental DBP levels
Physical activity



Micronuclei




Serum CC16

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

Alr | Airway

Dust , Submucosal cell

Moxious gases

Microorganisms | .

Pollutants “

Allergens | Clara cell
Host defences
Anatomical barriers:
gpithelium, mucus
Angulation of airways

Mucociliary clearance
Surfactant




Urine mutagenicity

In vitro assay (Salmonella YG 1024 + S9) — Ames test

possible
mutagen a high number of
— revertants (his- to his+)
‘—] suggests the mutagen
rat liver - causes mutations
extract plate incubate
l e - - = —' ";.___:' = :-
.II' - — —
I
_Q\H media with
minimal histidine
plate incubate
Salmonella strain — - _

(requires histidine)

control plate
(natural revertants)



Physical activity %

40 minutes at a relaxed pace

Ve

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



Physical activity Poler RS

Heart rate (pulsometer) \ r

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

HF (bprm)
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More than 100 DBPs identified in 2 swimming pools in Barcelona

Haloalkanes
Chloroform?
Bromodichloromethane
Dibromochloromethane
Bromoform
Dibromomethane
Bromotrichloromethane
Dibromodichloromethane
1,1,2-Trichloroethane

Haloacetic acids
Chloroacetic acid
Bromoacetic acid
Dichloroacetic acid
Bromochloroacetic acid
Dibromoacetic acid
Trichloroacetic acid
Bromodichloroacetic acid
Dibromochloroacetic acid
Tribromoacetic acid

Other haloacids
3-Bromopropenoic acid
2.2-Dichloropropanaic acid
3.3-Dichloropropenoic acid
cis-2 3-Bromochloropropenoic acid
trans-2. 3-Bromochloropropenoic acid
2 3-Dibromopropanoic acid
cis-2 3-Dibromopropenoic acid
trans-2,3-Dibromopropenoic acid
3,3-Dibromopropenoic acid
Trichlaropropenoic acid
2-Bromo-3,3-dichloropropenoic acid

(E)-3-Bromo-2 3-dichloropropenoic acid
(Z)-3-Bromo-2, 3-dichloropropenoic acid

2.2-Dichlorobutanoic acid
cis-Bromobutenoic acid
trans-Bromobutenoic acid
2.2-Dichlorobutenoic acid
2.3-Dibromobutenoic acid
2-Chloro-3-methylbutanoic acid
Chlorophenylacetic acid
3.5-Dibromobenzoic acid
Tribromopropenaic acid

Halodiacids
cis-Bromobutenedioic acid
trans-Bromobutenedioic acid
cis-Dichlorobutenedioic acid
trans-Dichlorobutenedioic acid
cis-Bromochlorobutenedioic acid
trans-Bromochlorobutenedioic acid
cis-Dibromobutenadioic acid
(E)-2-Chloro-3-methylbutenedioic acid
( B)-2-Bromo-3-methylbutenedioic acid
Haloaldehydes
Dichloroacataldehyde
Bromochloroacetaldehyde
Dibromoacetaldehyde
Trichloroacetaldehyde (chioral hydrate)
Bromodichloroacetaldehyde
Dibromochloroacetaldehyde
Tribromoacetaldehyde
3-Bromo-4-methoxybenzaldehyde
Halonitriles
Bromoacetonitrile
Dichloroacetonitrile
Bromochloroacetonitrile
Dibromoacetonitrile
Trichloroacetonitrile

Haloketones
Bromopropanone
1,1-Dichloropropanone
1-Bromo-1-chlorapropanone
1,1-Dibromopropanone
1,3-Dibromopropanone
1,1,1-Trichloropropanone
1,1,3-Trichloropropanone
1-Bromo-1,1-dichloropropanone
1,1,1-Tribromopropanone
1,1,3 3-Tetrachloropropanone
1,1-Dibromo-3,3-dichloropropanone
Pentachloropropanone
Dichlorofurandione
1-Chloro-2-butanone
1-Bromo-2-butanone
Tetrachlorohydroguinone

Halonitromethanes
Dibromonitromethane

Haloamides
Dichloroacetamide
Bromochloroacetamide
Dibromoacetamide
Bromodichloroacetamide
Dibromochloroacetamide
Tribromoacetamide

Haloalcohols

2,2 2-Trichloroethanol
1,1,1-Trichloropropanol

Other halogenated DBPs

3-Chlorobenzeneacetonitrile
2,6-Dichloro-4-methylphenol
2-Bromo-4-chlorophenol
Trichlorophenol
Bromodichlorophenol
Tribromophenol
2-Bromo-4-chloro-6-methylphenal
Dibromomethylphenol
2,4-Dibromo-1-methoxybenzene
2,3.4-Trichlorobenzeneamine
Dibromochloroaniline
2-Bromo-4-chloroanisole

3.4 5-Tribromo- 7H-pyrazole
2,6-Dibromo-4-nitrophenol
2,6-Dibromo-4-nitrobenzeneamine

Nonhalogenated DBPs/contaminants

Propionamide
Benzaldehyde

Benzoic acid methyl ester
Benzeneacetonitrile
Phthalic acid
Diethylphthalate
Benzophenone

Richardson et al. EHP 2010



Levels of THMs in the pool water

60
50
)y -
ug/L 30
20 ® Chloroform
BDCM
10 m DBCM
0 I B Bromoform

PISCINA2 PISCINA1
2013 2007



Trihalomethanes = Tri + halo + methane

Halogens

9
F  Disinfectant capacity
17 * Volatility
B C
-l 35 * Density
Br o .
e Lipophilicity, skin permeability

53
I

* Genotoxicity




DBPs in swimming pool water (PISCINA 2)

ug/L
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Trichloamine in air (PISCINA 2)

N=26 days  Mean=480 ug/m? (SD=133.5) In PISCINA-1, 6 days measured:
mean= 290 pg/m?3
Range= 248 - 858.3 Range= 170 - 430
ug/m?
1000
900
800 R
700 / \ A
600 /[ \ / \\
500 J—gwévAVl_\q\J/ \ /_,0\_ | WHO
400
300 \AVN
200
100
0

As,0s impregnated filters -
IRAS




Internal dose biomarkers (PISCINA 2)

THM in exhaled breath (png/m3) and creat. adj. TCAA in urine (umol/mol)

[
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Spearman correlation

Chloroform B-THM .
Median (IQR) exhaled exhaled . af:i::AA
breath breath
Number of pools 42 (34-49)
Distance swam (km) 1.0(0.85, 1.22) 0.26** 0.21* -0.32*
204.5

: Q7** 24** -0.33**
Energy expenditure (Kcal) (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

* pvalue<0.05 **pvalue<0.01



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

MN per 1000 binucleated lymphocytes

mean pvalue
Before 4
1h after 4
Difference 0 0.185

Correlation between change in MN and increase in

exposure

Spearman p 95%Cl
Chloroform breath -0.16 -0.35, 0.04
Bromodichloromethane
Dibromochloromethane
Bromoform
TTHM breath -0.15 -0.34, 0.05
Br-THM -0.05 -0.25,0.14
TCAA urine -0.02 -0.21, 0.17
Kcalories 0.0003 -0.19, 0.18

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

Spearman correlation coefficient between change in MN and

increase in exposure:

p (95%Cl)
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

Villanueva CM 2019



Serum CC16

Serum CC16 (ng/mL) N=105

Median pvalue

Before 11.1
1h After 10.5
Difference -0.5 0.289

Villanueva CM 2019



Serum CC16

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

Spearman p (95%Cl)
Trichloramine air ~ -0.03 (-0.18, 0.25)

CI3CH breath -0.01 (-0.20, 0.18)
BDCM breath
DBCM breath
Br3CH breath
TTHM breath -0.01 (-0.21, 0.18)
Br-THMs -0.05 (-0.25, 0.14)

Kcalories




° o o e
Urine mutagenicity (n=88) | | Salmonella YG 1024 +$9

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

Spearman p (95%Cl) _

CI3CH 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)

Villanueva CM 2019



N=vanate 2
=3

Metabolomic pathways suggest potential mechanisms by
which swimming in chlorinated water may affect health

PLS-DA score plot
of the plasma

po - " ¥
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(Karin van Veldhoven, Env Int 2018)



Acute changes in serum immune markers due
to swimming in a chlorinated swimming pool

* Significant decrease from before to after swimming in serum
concentrations of :

* |L-8 (-12.53%; g =2.00e-03),

* CCL22 (-7.28%; q =4.00e-04),

* CCL11 (-7.15%; q =9.48e-02),

* CRP (-7.06%; q =4.68e-05)

* CXCL10 (-13.03%; q = 6.34e-14)
* Significant increase:

* |L-1RA (20.16%; g =4.18e-06).
* Associations with quantitative measurements of DBPs or
physical activity were similar in direction and strength.

(Jelle VIaanderen, Environ Int 2017)



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.
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