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Authors Nicolas Cimetiere, Joseph De Laat

Year 2009

Report Name Henry’s law constant of N,N-dichloromethylamine: Application to the contamination of the atmosphere of indoor swimming pools

Publication Chemosphere

Issue-page numbers Volume 77, Issue 4, October 2009, Pages 465–470

URL http://www.sciencedirect.com/science/article/pii/S0045653509008820

Abstract The volatility of N,N-dichloromethylamine (DCMA), a disinfection by-product formed during chlorination of swimming pool water, has been investigated in the present work. 
The Henry’s law constants for DCMA were experimentally determined at five temperatures (5, 15, 25, 35 and 45 °C) using the single equilibrium technique. The volumic ratio 
between the gas and the water phases in the headspace vessels ranged from 1 to 60 and the initial concentration of DCMA in the aqueous solutions was ≈2 mM. The values 
obtained for the dimensionless Henry’s law constant varied from 0.047 at 5 °C to 0.312 at 45 °C. The temperature dependence of the Henry’s law constants followed the van’t 
Hoff equation. Trace levels of DCMA (16–70 µg m−3) were detected in the atmosphere of an indoor swimming pool whereas the concentrations of DCMA in water pools were 
in the range 8.8–15 µg L−1.

Keywords Henry’s law constant; N,N-dichloromethylamine; Temperature dependence; Headspace technique;  Swimming pool
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Authors Christian Zwiener, Susan D. Richardson, David M. De Marini, Tamara Grummt ,Thomas Glauner, and Fritz H. Frimmel

Year 2007

Report Name Drowning in Disinfection Byproducts? Assessing Swimming Pool Water

Publication Environ. Sci. Technol.

Issue-page numbers 2007, 41 (2), pp 363–372

URL http://pubs.acs.org/doi/abs/10.1021/es062367v

Abstract Disinfection is mandatory for swimming pools:  public pools are usually disinfected by gaseous chlorine or sodium hypochlorite and cartridge filters; home pools typically use 
stabilized chlorine. These methods produce a variety of disinfection byproducts (DBPs), such as trihalomethanes (THMs), which are regulated carcinogenic DBPs in drinking 
water that have been detected in the blood and breath of swimmers and of nonswimmers at indoor pools. Also produced are halogenated acetic acids (HAAs) and 
haloketones, which irritate the eyes, skin, and mucous membranes; trichloramine, which is linked with swimming-pool-associated asthma; and halogenated derivatives of UV 
sun screens, some of which show endocrine effects. Precursors of DBPs include human body substances, chemicals used in cosmetics and sun screens, and natural organic 
matter. Analytical research has focused also on the identification of an additional portion of unknown DBPs using gas chromatography (GC)/mass spectrometry (MS) and 
liquid chromatography (LC)/MS/MS with derivatization. Children swimmers have an increased risk of developing asthma and infections of the respiratory tract and ear. A 
1.6−2.0-fold increased risk for bladder cancer has been associated with swimming or showering/bathing with chlorinated water. Bladder cancer risk from THM exposure (all 
routes combined) was greatest among those with the GSTT1-1 gene. This suggests a mechanism involving distribution of THMs to the bladder by dermal/inhalation exposure 
and activation there by GSTT1-1 to mutagens. DBPs may be reduced by engineering and behavioral means, such as applying new oxidation and filtration methods, reducing 
bromide and iodide in the source water, increasing air circulation in indoor pools, and assuring the cleanliness of swimmers. The positive health effects gained by swimming 
can be increased by reducing the potential adverse health risks.

Keywords
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Authors Aggazzotti, G; Fantuzzi, G; Righi, E; Predieri, G; Giacobazzi, P

Year 2008

Report Name Occupational Exposure in Italian Swimming Pools and Self-Reported Health Conditions

Publication Epidemiology

Issue-page numbers November 2008 - Volume 19 - Issue 6 - pp S188-S189

URL http://journals.lww.com/epidem/Citation/2008/11001/Occupational_Exposure_in_Italian_Swimming_Pools.534.aspx

Abstract Background:
In indoor swimming pools both chemical substances in water and air and microclimate parameters influence health status and well-being of subjects employed in these 
environments. In order to investigate on the possible detrimental impacts of occupational exposure for trainers, lifeguards and facility operators 20 indoor swimming pools in 
Emilia Romagna have been visited in 2007 and 133 workers were enrolled in the study.

Methods:
Microclimate parameters (dry and radiant air temperature, air speed, relative humidity, illumination levels) were measured by a multi-data logger (BABUC A-LSI Lastem) 
equipped by a software (InfoGAP) aimed to calculate microclimate indices for moderate environments, taking into account personal clothing. Disinfection By Products (DBPs) 
such as trihalomethanes (THMs) and residual combined chlorine were evaluated in pool water: THMs were analysed in indoor air and in alveolar air samples collected from 
115 workers. Head space gaschromatography was used for THMs in water samples, while THMs both in indoor air and alveolar air samples were analysed by direct injection. 
Information about personal data and job description was collected. Self-reported health conditions were recorded by a questionnaire: upper respiratory symptoms (runny nose, 
nasal obstruction, voice loss, etc), lower respiratory symptoms (wheezing, asthma, etc), ocular symptoms (itchy, red and watering eyes) and ever presence of fungal diseases, 
warts and dermal irritative symptoms were registered, together with self-reported information about dermal comfort/discomfort.

Results:
On the whole, microclimate parameters are within the range of values suggested by the Italian guidelines for indoor swimming pools. In 19 environments (95%) illumination 
levels were in agreement with the above guidelines (≥150 lux); similarly, air speed values and relative humidity levels were adequate (≤0.1 m/s and ≤70% respectively) for 14 
(70%) and 13 (65%) swimming pools. 14 swimming pools (70%) showed dry air temperature values lower than water temperature, and so associated with a thermal discomfort 
condition. The Predicted Mean Vote (PMV) is a thermal index which scores the comfort/discomfort level for workers, taking into account dry air temperature, relative humidity 
and air speed levels. The values showed a generally acceptable thermal condition shifted towards a warm sensation. The most prevalent health symptoms were nasal 
obstruction (21,1%), voice loss (17.3%) and mucosal irritative symptoms (15.8%), followed by red eyes (13.5%), itchy eyes (12.8%) and watery eyes (6%). THMs in indoor air 
(range: 1.7-187.5 mcg/m3) were highly correlated with THMs in alveolar air samples (range: 1.0-123 mcg/m3) (r = 0.68; P = 0.001). Chloroform, the most prevalent compound, 
and dichloro bromo methane (DCBM) were detected in all indoor air samples, while they were present in 98.3% and 82.6% of alveolar air samples respectively. Swimming 
pools have been splitted according to the suggested Italian guideline for combined chlorine in water (≤0.4 mg/l) assumed as the source of trichloramine, volatile irritative 
compound in indoor air. Subjects working in environments (15 swimming pools) where combined chlorine levels were above 0.4 mg/l experienced more symptoms of nasal 
obstruction and ocular irritative symptoms compared to those employed in swimming pools with lower levels in water.

Keywords

Aggazzotti G, Fantuzzi G, Righi E, et al.
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Authors Aggazzotti G, Fantuzzi G, Righi E, Tartoni PL, Cassinadri T, Predieri G

Year 1993

Report Name Chloroform in alveolar air of individuals attending indoor swimming pools.

Publication Arch Environ Health.

Issue-page numbers 1993 Jul-Aug;48(4):250-4.

URL http://www.ncbi.nlm.nih.gov/pubmed/8357275

Abstract Alveolar air samples were collected from 163 subjects at indoor swimming pools and from 77 nonexposed subjects. Chloroform was present in all samples collected from 
exposed subjects (median = 695.02 nmol/m3). It was found at very low levels in 53% of samples from nonexposed subjects. Alveolar air chloroform levels from people 
attending indoor swimming pools (mean value within each sampling session) were correlated with environmental air concentration (r = 0.907, p = .002). Analysis of variance 
showed that levels of chloroform in alveolar air depend on environmental air concentration, age, intensity of the sport activity, and kind of swimming. Chloroform levels in 
samples collected from competitive swimmers versus nonswimming visitors were different (F = 10.911, p = .001). Moreover, their pattern of swimming may affect chloroform 
concentration in alveolar air. The analysis of chloroform in alveolar air assesses indoor exposure in healthy subjects simply and at low cost.

Keywords

Aggazzotti G, Fantuzzi G, Righi E, et al.

Authors Aggazzotti G, Fantuzzi G, Righi E, Predieri G.

Year 1998

Report Name Blood and breath analyses as biological indicators of exposure to trihalomethanes in indoor swimming pools

Publication Science of the Total Environment

Issue-page numbers 1998 Jun 30;217(1-2):155-63.

URL http://www.ncbi.nlm.nih.gov/pubmed/9695179

Abstract In this article, exposure to trihalomethanes (THMs) in indoor swimming pools as a consequence of water chlorination is reported. Environmental and biological monitoring of 
THMs was performed in order to assess the uptake of these substances after a defined period in five competitive swimmers, regularly attending an indoor swimming pool to 
train for competition during four sampling sessions. Analyses were performed by gas-chromatography and the following THMs were detected: chloroform (CHC13), 
bromodichloromethane (CHBrC12), dibromochloromethane (CHBrsC1) and bromoform (CHBr3). CHC13 appeared the most represented compound both in water and in 
environmental air before and after swimming. CHBrC1w and CHBr2C1 were always present, even though at lower levels than CHC13, CHBr3, was rarely present. In relation 
to biological monitoring, CHC13, CHBrC12 and CHBr2C1 were detected in all alveolar air samples collected inside the swimming pool. Before swimming, after 1 h at rest at 
the pool edge, the mean values were 29.4 +/- 13.3, 2.7 +/- 1.2 and 0.8 +/- 0.8 micrograms/m3, respectively, while after spending 1 h swimming, higher levels were detected 
(75.6 +/- 18.6, 6.5 +/- 1.3 and 1.4 +/- 0.9 micrograms/m3, respectively). Only CHC13 was detected in all plasma samples (mean: 1.4 +/- 0.5 micrograms/1) while CHBrC1x and 
CHBr2C1 were observed only in few samples at a detection limit of 0.1 micrograms/1. After 1 h at rest, at an average environmental exposure of approx. 100 micrograms/m3, 
the THM uptake was approx. 30 micrograms/h (26 micrograms/h for CHC1c, 3 micrograms/h for CHBrC12 and 1.5 micrograms/h for CHBr2C1). After 1 h swimming, the THM 
uptake is approx. seven times higher than at rest: a THM mean uptake of 221 micrograms/h (177 micrograms/h, 26 micrograms/h and 18 micrograms/h for CHC13, CHBrC12 
and CHBr2C1, respectively) was evaluated at an environmental concentration of approx. 200 micrograms/m3.

Keywords

Aggazzotti G, Fantuzzi G, Righi E, Predieri G

Wednesday, January 23, 2013 Page 4 of 99http://www.trianglealumni.org/trichloramine/Trichloramine-References.pdf



Authors Aggazzotti G, Fantuzzi G, Righi E, Predieri G.

Year 1995

Report Name Environmental and biological monitoring of chloroform in indoor swimming pools.

Publication Journal of Chromatography,

Issue-page numbers 1995 Aug 25;710(1):181-90.

URL http://www.ncbi.nlm.nih.gov/pubmed/7670630

Abstract The presence of chloroform as the result of disinfection with sodium hypochlorite was demonstrated in the water and ambient air of indoor swimming pools. Environmental 
monitoring was performed in 12 indoor swimming pools in northern Italy and the level of human exposure was assessed. Biological monitoring performed by gas 
chromatography on human plasma and alveolar air samples evidenced that the uptake of chloroform in swimmers varies according to the intensity of the physical activity and 
age. The elimination of chloroform in alveolar air in one subject showed a very short half-life (from 20 to 27 min) and a complete clearance within 10 h after the end of 
exposure.

Keywords

Aggazzotti G, Fantuzzi G, Righi E, Predieri G

Authors Aggazzotti G, Fantuzzi G, Tartoni PL, Predieri G.

Year 1990

Report Name Plasma chloroform concentration in swimmers using indoor swimming pools.

Publication Arch Environ Health

Issue-page numbers 1990 May-Jun;45(3):175-9.

URL http://www.ncbi.nlm.nih.gov/pubmed/2386423

Abstract This study evaluated swimmers and visitors who were exposed to chloroform (CHCl3) at three indoor swimming pools in Modena, Italy. Chloroform was measured in plasma 
samples of 127 subjects present at the pools and in 40 nonexposed subjects. The analyses were performed by head-space gas chromatography. Chloroform was present in 
all samples collected from the 127 subjects who attended the pools (median = 7.5 nmol/l; range = 0.8-25.1 nmol/l). Agonistic swimmers who trained for competitions showed a 
significantly higher mean value of plasma CHCl3 than nonagonistic swimmers and visitors. Plasma CHCl3 levels were significantly correlated with (a) CHCl3 concentrations in 
water and in environmental air, (b) the number of swimmers in the pools, and (c) the time spent swimming. Covariance analysis showed that plasma CHCl3 levels also 
depended on the intensity of the sport activity (total explained variance = 67.4%).

Keywords
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Authors Sara Angione, Heather McClenaghan, Ashley LaPlante

Year 2010

Report Name A Review of Chlorine in Indoor Swimming Pools and its Increased Risk of Adverse Health Effects

Publication IJHS

Issue-page numbers Vol 2, issue 1

URL http://ijhs.deonandan.com/IJHS_vol_2_issue_1.pdf - page=45

Abstract Background: Chorine is a commonly used agent for water disinfectant in swimming
pools. Inadequate ventilation in indoor swimming pools and chlorination disinfectant
by-products (DBP’s) caused by organic matter promote the increased risk of adverse health
effects. Water quality and proper ventilation must be monitored to avoid health risks in
youth and adolescents.

Keywords Chlorine, adverse health effects, Indoor swimming pools
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Authors Mirjana Aranđelović, Ivana Stanković, and Maja Nikolić

Year 2007

Report Name Swimming and Persons with Mild

Publication TheScientificWorldJOURNAL

Issue-page numbers (2007) 7, 1182–1188

URL http://downloads.tswj.com/2007/513291.pdf

Abstract The aim of our study was to analyze the effect of recreational swimming on lung function
and bronchial hyperresponsiveness (BHR) in patients with mild persistent asthma. This
study included 65 patients with mild persistent asthma, who were divided into two
groups: experimental group A (n = 45) and control group B (n = 20). Patients from both
groups were treated with low doses of inhaled corticosteroids (ICS) and short-acting β2
agonists salbutamol as needed. Our program for patients in group A was combined
asthma education with swimming (twice a week on a 1-h basis for the following 6
months). At the end of the study, in Group A, we found a statistically significant increase
of lung function parameters FEV1 (forced expiratory volume in 1 sec) (3.55 vs. 3.65) (p <
0.01), FVC (forced vital capacity) (4.27 vs. 4.37) (p < 0.05), PEF (peak expiratory flow) (7.08
vs. 7.46) (p < 0.01), and statistically significant decrease of BHR (PD20 0.58 vs. 2.01) (p <
0.001). In Group B, there was a statistically significant improvement of FEV1 3.29 vs. 3.33
(p < 0.05) and although FVC, FEV1/FVC, and PEF were improved, it was not significant.
When Groups A and B were compared at the end of the study, there was a statistically
significant difference of FVC (4.01 vs. 4.37), FEV1 (3.33 vs. 3.55), PEF (6.79 vs.7.46), and
variability (p < 0.001), and statistically significantly decreased BHR in Group A (2.01 vs.
1.75) (p < 0.001). Engagement of patients with mild persistent asthma in recreational
swimming in nonchlorinated pools, combined with regular medical treatment and
education, leads to better improvement of their parameters of lung function and also to
more significant decrease of their airway hyperresponsiveness compared to patients
treated with traditional medicine.

Keywords asthma, swimming, lung function
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Authors Armstrong DW, Golden T

Year 1986

Report Name Determination of distribution and concentration of trihalomethanes in aquatic recreational and therapeutic facilities by electron-capture GC

Publication LC-GC Magazine of Liquid and Gas Chromtography

Issue-page numbers 4(7) : 652-655

URL

Abstract

Keywords

Armstrong DW, Golden T

Authors Barbee SJ, Thackara JW, Rinehart WE

Year 1983

Report Name Acute inhalation toxicology of nitrogen trichloride

Publication American Industrial Hygiene Association Journal

Issue-page numbers [1983, 44(2):145-146]

URL http://europepmc.org/abstract/MED/6837441/reload=0;jsessionid=k35UgyiDn9Wvkn5PpzbY.22

Abstract The LC50 of nitrogen trichloride (NCl3) was determined in rats following a one hour inhalation exposure. Five groups of 10 animals per group were exposed to a concentration 
range of NCl3 from 58 ppm to 157 ppm. The one hour LC50 is 112 ppm with the 95% confidence interval between 107 ppm and 117 ppm. All mortality occurred during or 
within one day following the exposure. Gross necropsy of the animals which died as a result of exposure to NCl3 showed noticeable fluid in the trachea and lungs. This was 
not the case for those animals which survived the exposure (gross necropsies performed 14 days post-exposure). Pulmonary edema appears to contribute significantly to 
mortality produced by NCl3.

Keywords
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Authors Basden, K

Year 2006

Report Name Swimming pool and spa pool atmospheres

Publication Clean Air and Environmental Quality

Issue-page numbers Volume 40 Issue 2 (May 2006)

URL http://search.informit.com.au/documentSummary;dn=318538885863939;res=IELENG

Abstract Abstract: In 2001 two requests were received to monitor the "chlorine-like atmospheres" associated with a spa pool and a large municipal indoor swimming pool, to check for 
compliance with "the relevant regulations". The problem was then, as it remains today, that no regulations, standards or TLV values, etc., exist for the contaminants 
concerned, which are principally hypochlorous acid (with or without hypochlorite ion) and one or more of three chloramines, of which trichloramine is of particular concern. The 
deleterious physiological effects of these contaminants in pool atmospheres, on both swimmers and pool employees, have been receiving considerable attention from 
European researchers in recent years. Thus it may be only a matter of time before similar attention will be required in Australia and New Zealand. This paper describes the 
formation of these atmospheric contaminants from the pool sterilisation materials, which may be gaseous chlorine, sodium or calcium hypochlorite, or chlorinated cyanurates 
of varying formulations introduced 50 years ago. Also described is a simple monitoring procedure, devised in 2001 in response to the abovementioned requests, which 
determines a "hypochlorous acid equivalent" in ppm, and the reasons for suggesting, as a first approximation and subject to review, that a TLV for this "hypochlorous acid 
equivalent" could be 0.3 ppm, and a STEL 1.0 ppm.

Keywords

Basden K

Authors Baudisch C, Pansch G, Prösch J, Puchert W

Year 1997

Report Name [Determination of volatile halogenated hydrocarbons in

Publication Außenstelle Schwerin, Landeshygieneinstitut Mecklenburg-

Issue-page numbers

URL

Abstract

Keywords
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Authors Randy C. Baxter

Year 2012

Report Name Designing for IAQ In Natatoriums

Publication ASHRAE Journal

Issue-page numbers Apr i l 2012

URL http://www.paddockevacuator.com/pdfs/ASHRAE_Jounal_April_2012__IAQ_in_Natatoriums.pdf

Abstract In the last 10 to 15 years research has shown that poor air quality in
indoor swimming pools has a negative impact on the health of swimmers,
coaches and pool workers. Poor indoor pool air quality, caused
by compounds off-gassing from pool water, has been linked to eye, nose
and throat irritation, exacerbation of asthma symptoms, as well as to a
predisposition to develop bronchial hyperactivity and asthma.1-4 These
health concerns are in addition to the well-known damaging effects of
the indoor pool atmosphere on pool buildings and equipment.5
The purpose of this article is to review the literature concerning the
effects of disinfectant by-products on indoor swimming pool air quality
and to propose practical methods for mitigating their impact in conventional
(recreational and competition) indoor pools.

Keywords
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Authors A. Bernard

Year 2007

Report Name Chlorination Products: Emerging Links with Allergic Diseases

Publication Current Medicinal Chemistry

Issue-page numbers Volume 14, Number 16

URL http://www.ingentaconnect.com/content/ben/cmc/2007/00000014/00000016/art00008

Abstract Exposure of the human population to chlorination products has considerably increased during the 20th century especially after the 1960s with the development of public and 
leisure pools. The present article summarizes current knowledge regarding the human exposure to chlorination products and reviews studies suggesting that these chemicals 
might be involved in the development or exacerbation of allergic diseases. Populations regularly in contact with chlorination products such as swimmers, lifeguards or workers 
using chlorine as cleaning or bleaching agent show increased risks of allergic diseases or of respiratory disorders frequently associated with allergy. Experimental evidence 
suggests that chlorination products promote allergic sensitization by compromising the permeability or the immunoregulatory function of epithelial barriers. These findings led 
to the chlorine hypothesis proposing that the rise of allergic diseases could result less from the declining exposure to microbial agents (the hygiene hypothesis) than from the 
increasing and largely uncontrolled exposure to products of chlorination, the most widely used method to achieve hygiene in the developed world. Giving the increasing 
popularity of water recreational areas, there is an obvious need to assess the effects of chlorine-based oxidants on human health and their possible implication in the epidemic 
of allergic diseases.

Keywords Chlorine; hypochlorite; chloramines; allergy; asthma; chlorinated pool; chlorination

Bernard A

Authors Alfred Bernard, Sylviane Carbonnelle, Claire de Burbure, Olivier Michel, Marc Nickmilder

Year 2006

Report Name Chlorinated Pool Attendance, Atopy, and the Risk of Asthma during Childhood

Publication Environ Health Perspect

Issue-page numbers 2006;114(10):1567-1573.

URL http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1626429/

Abstract The pool chlorine hypothesis postulates that the rise in childhood asthma in the developed world could result at least partly from the increasing exposure of children to toxic 
gases and aerosols contaminating the air of indoor chlorinated pools. To further assess this hypothesis, we explored the relationships between childhood asthma, atopy, and 
cumulated pool attendance (CPA). We studied 341 schoolchildren 10-13 years of age who attended at a variable rate the same public pool in Brussels (trichloramine in air, 
0.3-0.5 mg/m 3). Examination of the children included a questionnaire, an exercise-induced bronchoconstriction (EIB) test, and the measurement of exhaled nitric oxide (eNO) 
and total and aeroallergen-specific serum IgE. CPA by children (range, 0-1,818 hr) emerged among the most consistent predictors of asthma (doctor diagnosed or screened 
with the EIB test) and of elevated eNO, ranking immediately after atopy and family history of asthma or hay fever. Although the risk of elevated eNO increased with CPA [odds 
ratio (OR) = 1.30 ; 95% confidence interval (CI), 1.10-1.43] independently of total or specific serum IgE, the probability of developing asthma increased with CPA only in 
children with serum IgE > 100 kIU/L (OR for each 100-hr increase in CPA = 1.79; 95% CI, 1.07-2.72). All these effects were dose related and most strongly linked to pool 
attendance before 6-7 years of age. Use of indoor chlorinated pools especially by young children interacts with atopic status to promote the development of childhood asthma. 
These findings further support the hypothesis implicating pool chlorine in the rise of childhood asthma in industrialized countries.

Keywords aeroallergens, atopy, childhood asthma, chlorine, exercise-induced asthma, exhaled nitric oxide, nitrogen trichloride, swimming pool, total IgE
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Authors Alfred Bernard, Sylviane Carbonnelle, Xavier Dumont, Marc Nickmilder

Year 2007

Report Name Infant Swimming Practice, Pulmonary Epithelium Integrity, and the Risk of Allergic and Respiratory Diseases Later in Childhood

Publication Pediatrics

Issue-page numbers Vol. 119 No. 6 June 1, 2007

URL http://pediatrics.aappublications.org/content/119/6/1095.short

Abstract OBJECTIVE. Irritant gases and aerosols contaminating the air of indoor swimming pools can affect the lung epithelium and increase asthma risk in children. We evaluated the 
impact of infant swimming practice on allergic status and respiratory health later in childhood.

METHODS. Clara cell protein, surfactant-associated protein D, and total and aeroallergen-specific immunoglobulin E were measured in the serum of 341 schoolchildren aged 
10 to 13 years, among whom 43 had followed an infant swimming program. Asthma was defined as doctor-diagnosed asthma and/or positive exercise-induced 
bronchoconstriction (15% decrease in postexercise forced expiratory volume).

RESULTS. There were no significant differences between the infant swimming group and the other children regarding the levels of exhaled nitric oxide and total or 
aeroallergen-specific serum immunoglobulin E. Children who swam as infants showed, by contrast, a significant decrease of serum Clara cell protein and of the serum Clara 
cell protein/surfactant-associated protein D ratio integrating Clara cell damage and permeability changes of the lung epithelial barrier. These effects were associated with 
higher risks of asthma and of recurrent bronchitis. Passive exposure to tobacco alone had no effect on these outcomes but seemed to interact with infant swimming practice to 
increase the risk of asthma or of recurrent bronchitis.

CONCLUSIONS. Our data suggest that infant swimming practice in chlorinated indoor swimming pools is associated with airways changes that, along with other factors, seem 
to predispose children to the development of asthma and recurrent bronchitis.

Keywords chlorine, trichloramine, nitrogen trichloride, baby swimming, Clara cell protein, CC16, childhood asthma, recurrent bronchitis
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Authors Bernard A, Carbonnelle S, Michel O, Higuet S, De Burbure C, Buchet JP, Hermans C, Dumont X, Doyle I.

Year 2003

Report Name Lung hyperpermeability and asthma prevalence in schoolchildren: unexpected associations

Publication Occup Environ Med.

Issue-page numbers 2003 Jun;60(6):385-94.

URL http://www.ncbi.nlm.nih.gov/pubmed/12771389

Abstract AIMS:

To study whether exposure to nitrogen trichloride in indoor chlorinated pools may affect the respiratory epithelium of children and increase the risk of some lung diseases such 
as asthma.
METHODS:

In 226 healthy children, serum surfactant associated proteins A and B (SP-A and SP-B), 16 kDa Clara cell protein (CC16), and IgE were measured. Lung specific proteins 
were measured in the serum of 16 children and 13 adults before and after exposure to NCl(3) in an indoor chlorinated pool. Relations between pool attendance and asthma 
prevalence were studied in 1881 children. Asthma was screened with the exercise induced bronchoconstriction test (EIB).
RESULTS:

Pool attendance was the most consistent predictor of lung epithelium permeability. A positive dose-effect relation was found with cumulated pool attendance and serum SP-A 
and SP-B. Serum IgE was unrelated to pool attendance, but correlated positively with lung hyperpermeability as assessed by serum SP-B. Changes in serum levels of lung 
proteins were reproduced in children and adults attending an indoor pool. Serum SP-A and SP-B were already significantly increased after one hour on the pool side without 
swimming. Positive EIB and total asthma prevalence were significantly correlated with cumulated pool attendance indices.
CONCLUSIONS:

Regular attendance at chlorinated pools by young children is associated with an exposure dependent increase in lung epithelium permeability and increase in the risk of 
developing asthma, especially in association with other risk factors. We therefore postulate that the increasing exposure of children to chlorination products in indoor pools 
might be an important cause of the rising incidence of childhood asthma and allergic diseases in industrialised countries. Further epidemiological studies should be 
undertaken to test this hypothesis.

Keywords
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Authors Bernard A, Carbonnelle S, Nickmilder M

Year 2005

Report Name Respiratory risks of chlorination by-products contaminating the air of indoor swimming pools.

Publication Environ Health Perspect

Issue-page numbers

URL

Abstract

Keywords
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Authors A Bernard and M Nickmilder

Year 2006

Report Name Respiratory health and baby swimming

Publication Arch Dis Child

Issue-page numbers 2006 July; 91(7): 620–621.

URL http://www.pwtag.org/researchdocs/Used%20Ref%20docs/100%20Respiritory%20health%20and%20baby%20swimming.Bernard.BMJ.pdf

Abstract Although baby swimming programmes are very popular, there are no reliable data on the potential advantages and risks of this practice for the child's development.1 In 
particular, no study has evaluated the possible effects of exposing babies to the volatile chlorination products of indoor pools that recently have been found to affect the lung 
epithelium and to increase asthma risks
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Authors A. Bernard, M. Nickmilder and C. Voisin

Year 2008

Report Name Outdoor swimming pools and the risks of asthma and allergies during adolescence

Publication ERJ

Issue-page numbers  October 1, 2008 vol. 32 no. 4 979-988

URL http://erj.ersjournals.com/content/32/4/979.short

Abstract Exposure to indoor chlorinated swimming pools can be detrimental to the airways of swimmers and increase asthma risks but it is unknown whether these effects concern 
outdoor pools.

The present study examined 847 secondary school adolescents who had attended residential or nonresidential outdoor chlorinated pools at a variable rate. The main 
outcomes were: ever asthma (physician-diagnosed at any time); current asthma (ever asthma under medication and/or with exercise-induced bronchoconstriction); elevated 
exhaled nitric oxide; and aeroallergen-specific immunoglobulin (Ig)E in serum.

The prevalence of ever and current asthma significantly increased with the lifetime number of hours spent in outdoor pools by up to four and eight times, respectively, among 
adolescents with the highest attendance (>500 h) and a low exposure to indoor pools (<250 h). Odds for asthma were significantly increased among adolescents with total 
serum IgE >25 kIU�L−1, on average by 1–2 units for each 100-h increase in pool attendance. Use of residential outdoor pools was also associated with higher risks of 
elevated exhaled nitric oxide and sensitisation to cat or house dust mite allergens.

Outdoor chlorinated swimming pool attendance is associated with higher risks of asthma, airways inflammation and some respiratory allergies.

Keywords
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Authors Alfred Bernard, Marc Nickmilder, Catherine Voisin, Antonia Sardella

Year 2009

Report Name Impact of Chlorinated Swimming Pool Attendance on the Respiratory Health of Adolescents

Publication Pediatrics

Issue-page numbers  Vol. 124 No. 4 October 1, 2009

URL http://pediatrics.aappublications.org/content/124/4/1110.short

Abstract OBJECTIVE: The goal was to estimate the burden of allergic diseases associated with chlorinated pool exposure among adolescents.

METHODS: We examined 847 students, 13 to 18 years of age, who had attended outdoor or indoor chlorinated pools at various rates. Of them, 114 had attended mainly a 
copper-silver pool and served as a reference group. We measured total and aeroallergen-specific immunoglobulin E (IgE) levels in serum and screened for exercise-induced 
bronchoconstriction. Outcomes were respiratory symptoms, hay fever, allergic rhinitis, and asthma that had been diagnosed at any time (ever asthma) or was being treated 
with medication and/or was associated with exercise-induced bronchoconstriction (current asthma).

RESULTS: Among adolescents with atopy with serum IgE levels of >30 kIU/L or aeroallergen-specific IgE, the odds ratios (ORs) for asthma symptoms and for ever or current 
asthma increased with the lifetime number of hours spent in chlorinated pools, reaching values of 7.1 to 14.9 when chlorinated pool attendance exceeded 1000 hours. 
Adolescents with atopy with chlorinated pool attendance of >100 hours had greater risk of hay fever (OR: 3.3-6.6), and those with attendance of >1000 hours had greater risk 
of allergic rhinitis (OR: 2.2-3.5). Such associations were not found among adolescents without atopy or with copper-silver pool attendance. The population attributable risks for 
chlorinated pool-related ever-diagnosed asthma, hay fever, and allergic rhinitis were 63.4%, 62.1%, and 35.0%, respectively.

CONCLUSION: Chlorinated pool exposure exerts an adjuvant effect on atopy that seems to contribute significantly to the burden of asthma and respiratory allergies among 
adolescents.

Keywords chlorine, swimming pool, childhood asthma, atopy, aeroallergens, hay fever, rhinitis

Bernard A, Nickmilder M, Voisin C, Sardella A

Wednesday, January 23, 2013 Page 16 of 99http://www.trianglealumni.org/trichloramine/Trichloramine-References.pdf



Authors Alfred Bernard, Catherine Voisin, and Antonia Sardella

Year 2011

Report Name Con: Respiratory Risks Associated with Chlorinated Swimming Pools

Publication Am. J. Respir. Crit. Care Med.

Issue-page numbers March 1, 2011 vol. 183 no. 5 570-572

URL http://ajrccm.atsjournals.org/content/183/5/570.short

Abstract Chlorine used to disinfect swimming pools, and its derivatives, are well-known irritants of the skin, eyes, and of the upper respiratory tract. For a long time, the irritating effects 
of these substances have been regarded as a mere source of discomfort for swimmers and unlikely to cause adverse effects outside accidental exposures. In this issue of the 
Journal (pp. 582–588), Font-Ribera and coworkers report the results that support this view (1). These authors studied a cohort of 5,738 children born in 1991–1992 (the 
ALSPAC cohort) who were followed up until the age of 10 years. Data collected by questionnaire until the age of 7 years show no increase of ever-diagnosed asthma with the 
frequency of swimming, even when considering only children with atopy. In addition, no association was found with atopy screened at age 7–8 years, or with any current 
asthma or respiratory symptom that were recorded till the age of 10 years. There was even an improvement of lung function measured at 7–8 years, and at 10 years a 
decreased risk of asthma symptoms was seen in children with pre-existing respiratory conditions.

Keywords

Bernard A, Voisin C, Sardella A

Authors M. Biziuk, J. Czerwinski & E. Kozlowski

Year 1993

Report Name Identification and determination of organohalogen compounds in swimming pool water

Publication International Journal of Environmental Analytical Chemistry

Issue-page numbers Volume 50, Issue 2, 1993

URL http://www.tandfonline.com/doi/abs/10.1080/03067319308027589

Abstract Volatile organohalogen compounds were determined in a swimming pool using three methods: determination of volatile organic halogen (VOX) after sorption on XAD-4 solid 
sorbent, thermal desorption and coulometric titration of the halides formed; identification and determination of the individual organohalogen compounds after sorption on XAD-
4, solvent extraction and chromatographic determination; direct injection of aqueous samples to the chromatographic column. The concentration of organohalogen compounds 
varied from 35.9 to 99.7 µg/dm3 for trichloromethane, 22.0 to 57.7 µg/dm3 for dichloromethane, 2.4 to 27.4 µg/dm3 for trichloroethylene, 2.3 to 14.7 µg/dm3 for 
bromodichloromethane and 4.2 to 7.6 µg/dm3 for tetrachloromethane. The results obtained by the three methods are consistent in principle.

Keywords Water pollution,

Biziuk M, Czerwinski J, Kozlowski E
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Authors Borsányi M

Year 1998

Report Name THMs in Hungarian swimming pool waters

Publication Budapest, National Institute of Environmental

Issue-page numbers

URL

Abstract

Keywords

Borsányi M

Authors M H Boskabady, M Esmaeilizadeh, M Boskabady

Year 2012

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

Publication Toxicol Ind Health

Issue-page numbers July 30, 2012 0748233712454465

URL http://tih.sagepub.com/content/early/2012/07/30/0748233712454465.abstract

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 questions 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 µg 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 symptoms 
(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 µg 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.

Keywords
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Authors Valérie Bougault, Louis-Philippe Boulet

Year 2013

Report Name Airway dysfunction in swimmers

Publication Br J Sports Med

Issue-page numbers 2012;46:402-406 doi:10.1136/bjsports-2011-090821

URL http://bjsm.bmj.com/content/46/6/402.short

Abstract Elite competitive swimmers are particularly affected by airway disorders that are probably related to regular and intense training sessions in a chlorinated environment. Upper 
and lower airway respiratory symptoms, rhinitis, airway hyper-responsiveness, and exercise-induced bronchoconstriction are highly prevalent in these athletes, but their 
influence on athletic performance is still unclear. The authors reviewed the main upper and lower respiratory ailments observed in competitive swimmers who train in indoor 
swimming pools, their pathophysiology, clinical significance and possible effects on performance. Issues regarding the screening of these disorders, their management and 
preventive measures are addressed.

Keywords

Bougault V, Boulet L-P
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Authors Anna B. Bowen, James C. Kile, Charles Otto, Neely Kazerouni, Connie Austin, Benjamin C. Blount, Hong-Nei Wong, Michael J. Beach, and Alicia M. Fry

Year 2007

Report Name Outbreaks of Short-Incubation Ocular and Respiratory Illness Following Exposure to Indoor Swimming Pools

Publication Environ Health Perspect

Issue-page numbers 2007 February; 115(2): 267–271

URL http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1817713/

Abstract Objectives

Chlorination destroys pathogens in swimming pool water, but by-products of chlorination can cause human illness. We investigated outbreaks of ocular and respiratory 
symptoms associated with chlorinated indoor swimming pools at two hotels.

Measurements

We interviewed registered guests and companions who stayed at hotels X and Y within 2 days of outbreak onset. We performed bivariate and stratified analyses, calculated 
relative risks (RR), and conducted environmental investigations of indoor pool areas.

Results

Of 77 guests at hotel X, 47 (61%) completed questionnaires. Among persons exposed to the indoor pool area, 22 (71%) of 31 developed ocular symptoms [RR = 24; 95% 
confidence interval (CI), 1.5–370], and 14 (45%) developed respiratory symptoms (RR = 6.8; 95% CI, 1.0–47) with a median duration of 10 hr (0.25–24 hr). We interviewed 30 
(39%) of 77 registered persons and 59 unregistered companions at hotel Y. Among persons exposed to the indoor pool area, 41 (59%) of 69 developed ocular symptoms (RR 
= 24; 95% CI, 1.5–370), and 28 (41%) developed respiratory symptoms (RR = 17; 95% CI, 1.1–260) with a median duration of 2.5 hr (2 min–14 days). Four persons sought 
medical care. During the outbreak, the hotel X’s ventilation system malfunctioned. Appropriate water and air samples were not available for laboratory analysis.

Conclusions and relevance to professional practice

Indoor pool areas were associated with illness in these outbreaks. A large proportion of bathers were affected; symptoms were consistent with chloramine exposure and were 
sometimes severe. Improved staff training, pool maintenance, and pool area ventilation could prevent future outbreaks.

Keywords chloramines, cyanuric acid, disease outbreaks, indoor air pollution, swimming pools, trihalomethanes

Bowen AB, Kile JC, Otto C, et al.
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Authors Cammann K, Hübner K.

Year 1995

Report Name Trihalomethane concentrations in swimmers’ and bath attendants’ blood and

Publication Arch Environ Health.

Issue-page numbers 1995 Jan-Feb;50(1):61-5.

URL http://www.ncbi.nlm.nih.gov/pubmed/7717770

Abstract The influence of working or swimming in indoor swimming pools on the concentrations of four trihalomethanes (haloforms) in blood and urine was investigated. Different 
groups (bath attendants, agonistic swimmers, normal swimmers, sampling person) were compared. The proportions of trihalomethanes in blood and urine correlated roughly 
with those in water and ambient air. Higher levels of physical activity were correlated with higher concentrations. Within one night after exposure in the pool the blood 
concentrations usually were reduced to the pre-exposure values. Secretion of trichloromethane in urine was found to be less than 10%.

Keywords

Cammann K, Hübner K

Authors Carbonnelle S, Francaux M, Doyle I, Dumont X, de Burbure C, Morel G, Michel O, Bernard A.

Year 2002

Report Name Changes in serum pneumoproteins caused by short-term exposures to nitrogen trichloride in indoor chlorinated swimming pools

Publication Biomarkers.

Issue-page numbers 2002 Nov-Dec;7(6):464-78.

URL http://www.ncbi.nlm.nih.gov/pubmed/12581482

Abstract Nitrogen trichloride (NCl(3)) is an irritant gas released in the air of indoor pools sanitized with chlorine-based disinfectants. In the present study we investigated the effects of 
NCl(3) on the pulmonary epithelium of pool attendees by measuring the leakage into serum of three lung-specific proteins (pneumoproteins): the alveolar surfactant-
associated proteins A and B (SP-A and SP-B) and the bronchiolar 16 kDa Clara cell protein (CC16). These pneumoproteins were measured in the serum of 29 recreational 
swimmers (16 children and 13 adults) before and after attending a chlorinated pool with a mean NCl(3) concentration of 490 microg m(-3). Pneumoprotein changes in serum 
were also studied in 14 trained swimmers performing an intensive 45 min standardized swimming session in a chlorinated pool (mean NCl(3) concentration of 355 microg m(-
3)) and for the purposes of comparison in a non-chlorinated pool sanitized by the copper/silver method. Serum CC16 was not increased in recreational swimmers, but in 
trained swimmers serum levels of this protein peaked immediately after strenuous exercise, both in the copper/silver pool and in the chlorinated pool. This acute increase in 
airway permeability is probably the consequence of the mechanical stress on the epithelial barrier caused by overinflation and/or hyperventilation during intense exercise. 
Serum levels of SP-A and SP-B were unaffected by strenuous exercise in the copper/silver pool. The two proteins were, however, significantly increased in a time-dependent 
manner in recreational and trained swimmers attending the chlorinated pool. The intravascular leakage of SP-A and SP-B was already statistically significant after only 1 h of 
exposure to pool air without exercising and remained elevated for 12 h after. These changes were not associated with decrements in lung function. The ability of NCl(3) to 
acutely disrupt the lung epithelium barrier was confirmed in mice using serum CC16 and plasma proteins in bronchoalveolar lavage fluid as permeability markers. The 
significance of these permeability changes induced by NCl(3) in the deep lung is presently unknown. In view of the increasing and widespread human exposure to this gas not 
only in indoor pools but also in a variety of other situations, these findings warrant further study.
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Authors Delphine Cassan, Christian Drakidès

Year 2011

Report Name UV AND APPLICATIONS IN WATER TREATMENT OF COMMERCIAL SWIMMING POOLS

Publication SPSR

Issue-page numbers 78-83

URL http://www.pwtag.org/researchdocs/UV%20AND%20APPLICATIONS%20IN%20WATER%20TREATMENT%20OF%20COMMERCIAL%20SWIMMING%20POOLS.pdf

Abstract Swimmers introduce organic and mineral compounds into the water which react with the chlorine to
give unwanted by-products. Among them are the chloramines which very often exceed the maximum
value authorized in the water (French regulations of 0.6 mg/L). A part of these chloramines are volatile,
especially the nitrogen trichloride (NCl3). This molecule is responsible for numerous problems of health
(irritations, respiratory ailments) among the various users (competitive swimmers, swimming Babies,
lifeguards, etc.). French authorities have proposed to limit NCl3 to 0.3 mg/m3 in the air. To maintain
quality of water and optimal air conditions below regulatory limit values, managers of swimming pools
add fresh-water to dilute these by-products. The average of fresh-water used for the renewal in water
is situated near 160 liters/day/ bather (almost 40 US gallons) (French Federation of Swimming). To eliminate
these by-products of disinfection the treatment through UV is widely used today. Devices equipped
with medium pressure lamps are the most effective to reduce all the chloramines, in particular the NCl3.
Chloramines in water are reduced to a value lower than 0.2 mg/L and NCl3 decreased by 30%. The quality
of the water and the air is improved. The water consumption of establishments is optimized (reduction
between 30 to 60%) while maintaining superior quality of water and air. Technical characteristics:
medium pressure type of lamp, UV dose, sizing of devices, quartz sleeves type, power regulation, certification,
UV dechloramination systems have to be engineered and managed to optimize the chloramines
reduction without additional formation of by-products of disinfection (ie: trihalomethanes).

Keywords ultraviolet lamp, UV dose, chloramines, nitrogen trichloride
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Authors Cyril Catto, Simard Sabrina, Charest-Tardif Ginette, Rodriguez Manuel and Tardif Robert

Year 2012

Report Name Occurrence and Spatial and Temporal Variations of Disinfection By-Products in the Water and Air of Two

Publication Int. J. Environ. Res. Public Health

Issue-page numbers 2012, 9, 2562-2586; doi:10.3390/ijerph9082562

URL http://www.mdpi.com/1660-4601/9/8/2562/pdf

Abstract In order to improve disinfection by-product (DBP) exposure assessment, this
study was designed to document both water and air levels of these chemical contaminants
in two indoor swimming pools and to analyze their within-day and day-to-day variations in
both of them. Intensive sampling was carried out during two one-week campaigns to
measure trihalomethanes (THMs) and chloramines (CAMs) in water and air, and haloacetic
acids (HAAs) in water several times daily. Water samples were systematically collected at
three locations in each pool and air samples were collected at various heights around the
pool and in other rooms (e.g., changing room) in the buildings. In addition, the ability of
various models to predict air concentrations from water was tested using this database. No
clear trends, but actual variations of contamination levels, appeared for both water and air
according to the sampling locations and times. Likewise, the available models resulted
in realistic but imprecise estimates of air contamination levels from water. This study
supports the recommendation that suitable minimal air and water sampling should be
carried out in swimming pools to assess exposure to DBPs.

Keywords disinfection by-products; swimming pool; exposure assessment; water and air

Catto C, Sabrina S, Ginette CT, et al.

Authors Centers for Disease Control and Prevention

Year 2012

Report Name Irritants (Chloramines) & Indoor Pool Air Quality

Publication Website

Issue-page numbers

URL http://www.cdc.gov/healthywater/swimming/pools/irritants-indoor-pool-air-quality.html

Abstract Pool operators may receive complaints from swimmers and pool staff about stinging eyes, nasal irritation, or difficulty breathing after being in the water or breathing the air at 
swimming pools, particularly indoor pools. New research indicates that these symptoms may be an indication of poor water and indoor air quality at the pool caused by a build-
up of irritants, known as chloramines, in the water and air.

Keywords
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Authors CDPH

Year 2011

Report Name Environmental Health Technical Brief, Indoor Air Pollution at Indoor Swimming

Publication Connecticut Department of Public Health

Issue-page numbers Issue #5, April 2011

URL http://www.ct.gov/dph/lib/dph/environmental_health/eoha/pdf/technical_brief_indoor_swiwfinal.pdf

Abstract Indoor swimming pools found in hotels, water parks and other recreational facilities can
pose health risks to the swimmers and lifeguards if the water and air quality are not
managed properly. The two published cases cited below exemplify the problems that can
arise.

Keywords
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Authors Lilia Chen, Bich Dang, Charles Mueller, Kevin Dunn, Daniel Almaguer, Jennifer Ernst, Charles Otto

Year 2008

Report Name Investigation of Employee Symptoms at an Indoor Waterpark

Publication Health Hazard Evaluation Report

Issue-page numbers HETA 2007-0163-3062

URL http://www.cdc.gov/niosh/hhe/reports/pdfs/2007-0163-3062.pdf

Abstract What NIOSH Did
● We tested the air for trichloramine, soluble chlorine
compounds, and endotoxin.
● We tested the water for fecal contamination, Legionella,
mycobacteria, endotoxin, sulfites, and sulfates.
● We checked the water chemistry and reviewed the water
system design.
● We administered questionnaires to GWL employees about their health.
● We reviewed the ventilation system design.
What NIOSH Found
● We found trichloramine concentrations similar to levels found in other indoor swimming pool studies, and some were at levels reported to cause mucous membrane irritation.
● We found air endotoxin concentrations at levels that have been associated with cough and fever.
● We did not find fecal contamination, Legionella,
mycobacteria, sulfites, or sulfates in the pool water.
● We found that water chemistry results met Ohio state
standards.
● We found that lifeguards had more work-related symptoms than employees not working inside the indoor pool area.
● We found that lifeguards had more work-related cough and eye irritation on days when the number of people using the indoor pool area was high.
● We found that the ventilation system design may not provide adequate air movement and distribution.
What Managers Can Do
● Managers should further assess the ventilation system
to ensure enough air movement and proper removal of
contaminants.
● Managers should consider reducing water attraction cycle times and using larger droplet discharge nozzles to reduce aerosolization of contaminants.
● Managers should consider redesigning the spray feature piping system to make sure that water used in the pools is taken directly after the filtration and treatment cycle.
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Authors B. Chiswell, C F Wildsoet

Year 1986

Report Name On the possible sources of ocular irritation in chlorinated swimming pools

Publication Clinical and Experimental Optometry

Issue-page numbers Volume 69, Issue 5, pages 178–182, September 1986

URL http://onlinelibrary.wiley.com/doi/10.1111/j.1444-0938.1986.tb04587.x/abstract

Abstract A case of superficial punctate keratitis caused by exposure to chlorinated swimming pool water is described. Although pool water tonicity, pH and a variety of chlorine species 
present in pool water may be implicated in such reactions, a review of the relevant literature revealed that very little is known about the true nature of these reactions. The 
wearing of swimming goggles as a preventative measure is the only recommendation which can be made based on current knowledge.

Keywords     Swimming pools;
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Authors H Chu and M Nieuwenhuijsen

Year 2002

Report Name Distribution and determinants of trihalomethane concentrations in

Publication Occup Environ Med

Issue-page numbers 2002 April; 59(4): 243–247.

URL http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1740275/

Abstract  Objectives: For many decades chlorination has been used as a major disinfectant process for public drinking and swimming pool water in many countries. However, there has 
been rising concern over the possible link between disinfectant byproducts (DBPs) and adverse reproductive outcomes. The purpose of this study was to estimate the 
concentrations of trihalomethanes (THMs) in some indoor swimming pools in London and their variation within and between pools and any correlation with other factors.

Methods: Water samples were collected from eight different indoor swimming pools in London. A total of 44 pool samples were collected and analysed for total organic content 
(TOC) and THMs. Water and air temperature were measured along with the pH during the collection of pool samples. The level of turbulence and the number of people in the 
pool at the time were also assessed.

Results: The geometric mean concentration for all swimming pools of TOC was 5.8 mg/l, of total THMs (TTHMs) 132.4 µg/l, and for chloroform 113.3 µg/l. There was a clear 
positive linear correlation between the number of people in the swimming pool and concentrations of TTHMs and chloroform (r=0.7, p<0.01), and a good correlation between 
concentrations of TOC and TTHMs (r=0.5, p<0.05) and water temperature and concentrations of TTHMs (r=0.5, p<0.01). There was a larger variation in THMs within pools 
than between pools.

Conclusion: Relatively high concentrations of THMs were found in London's indoor swimming pools. The levels correlated with the number of people in the pool, water 
temperature, and TOC. The variation in concentrations of THMs was greater within pools than between pools.
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Authors Clemens M, Schöler HF.

Year 1992

Report Name [Halogenated organic compounds in swimming pool waters]

Publication Zentralbl Hyg Umweltmed.

Issue-page numbers 1992 Jun;193(1):91-8.

URL http://www.ncbi.nlm.nih.gov/pubmed/1503606

Abstract 18 different swimming pool waters in the Bonn-Rhein-Sieg area were analysed for trihalogenmethanes, halogenated acetic acids, 2,2-dichloropropionic acid, 
dihalogenacetonitriles and chloral hydrate. Most substances mentioned above were determined in almost every sample reaching total concentrations up to 538 micrograms/l. 
Considering the results one can see that some of the main pollutants are polar organic compounds like di- and trichloroacetic acid as well as chloral hydrate.

Keywords
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Authors Copaken J

Year 1990

Report Name Trihalomethanes: Is swimming pool water hazardous?

Publication In: Jolley RL, Condie LW, Johnson JD, Katz S, Minear RA, Mattice JS, Jacobs VA, eds.

Issue-page numbers Water chlorination. Vol. 6. Chelsea, MI, Lewis

URL

Abstract

Keywords
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Authors Dang, Bich; Chen, Lilia; Mueller, Charles; Dunn, Kevin H.; Almaguer, Daniel; Roberts, Jennifer L.; Otto, Charles S.

Year 2010

Report Name Ocular and Respiratory Symptoms Among Lifeguards at a Hotel Indoor Waterpark Resort

Publication Journal of Occupational & Environmental Medicine

Issue-page numbers February 2010 - Volume 52 - Issue 2 - pp 207-213

URL http://journals.lww.com/joem/Abstract/2010/02000/Ocular_and_Respiratory_Symptoms_Among_Lifeguards.13.aspx

Abstract Objectives: To determine the cause of eye and respiratory irritation symptoms among lifeguards at an indoor waterpark.

Methods: Investigators 1) performed environmental sampling for chloramine, endotoxin, and microbials; 2) administered symptom questionnaires; 3) reviewed ventilation 
system designs; and 4) reviewed water chemistry.

Results: Airborne trichloramine concentrations were found at levels reported to cause irritation symptoms in other studies. Some endotoxin concentrations were found at levels 
associated with cough and fever in previous studies. Exposed lifeguards were significantly more likely to report work-related irritation symptoms than unexposed individuals. 
The ventilation system may not have provided sufficient air movement and distribution to adequately capture and remove air contaminants at deck level. No water microbes 
were detected, and water chemistry met state standards.

Conclusions: Indoor waterparks need to control water chemistry and ensure adequate air movement and distribution to control air contaminants and reduce health symptoms.

Keywords
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Authors Joseph De Laat, Wentao Feng, Diab Adams Freyfer, Florence Dossier-Berne

Year 2011

Report Name Concentration levels of urea in swimming pool water and reactivity of chlorine with urea

Publication Water Research

Issue-page numbers Volume 45, Issue 3, January 2011, Pages 1139–1146

URL http://www.sciencedirect.com/science/article/pii/S0043135410007670

Abstract This study investigated the reactivity of chlorine with urea which is the main nitrogen contaminant introduced into swimming pool water by bathers. In the first part of this study, 
analyses showed that the mean concentrations of urea and TOC determined from 50 samples of municipal swimming pool were equal to 18.0 µM (s.d. 11.7) and 3.5 mg C L−1 
(s.d. 1.6), respectively. The mean value for the urea contribution to the TOC content was 6.3% (s.d. 3.3). The rate of decomposition of urea in swimming pool water measured 
during the closure time of the facility was very slow (decay at the rate of ≈1% per hour in the presence of 1.6–1.8 mg L−1 of free chlorine). In the second part of this work, 
experiments carried out with phosphate buffered solutions of urea ([Urea]0 = 1 mM; [Cl2]0/[Urea]0: 0.5–15 mol/mol; pH 7.4 ± 0.2; reaction time: 0–200 h) showed that long 
term chlorine demand of urea was about 5 mol Cl2/mol of urea. Chlorination led to a complete mineralization of organic carbon into CO2 for a chlorine dose of 3.5 mol/mol and 
to the formation of 0.7–0.8 mol View the MathML source/mol of urea for chlorine dose of 8–10 mol/mol. Experiments conducted with dilute solutions of urea ([Urea]0 = 50 µM; 
pH ≈ 7.3) confirmed that the degradation rate of urea by chlorine is very slow under conditions simulating real swimming pool water.

Keywords Chlorine demand; By-products; Chloramines; Nitrate; Total nitrogen
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Authors T. Dokter

Year 1985

Report Name Formation of NCl3 and N2O in the reaction of NaOCl and nitrogen compounds

Publication Journal of Hazardous Materials

Issue-page numbers Volume 12, Issue 3, December 1985, Pages 207–224

URL http://www.sciencedirect.com/science/article/pii/0304389485850081

Abstract This paper deals with the problems that can arise when a nitrogen-containing compound, in this case ammonium chloride, is present in a solution which is to be chlorinated. 
The chlorination can be performed with chlorine itself, or with a compound capable of forming active chlorine, such as sodium hypochlorite. A short literature review is given 
concerning this subject, and the reactions of nitrogen compounds with active chlorine are discussed. The formation of nitrogen, nitrogen trichloride and dinitrogen monoxide in 
these systems is explained and proven in experiments. It is shown that, especially in acidic circumstances, free nitrogen trichloride can be formed which at higher 
temperatures is able to evaporate from the solution. The amount of nitrogen trichloride recovered exceeds 30% of the theoretical value. The nitrogen trichloride formed 
detonates very easily upon rapid heating, even in quantities of one gram. Upon the chlorination of acidic ammonium ion containing solutions (pH < 8) nitrogen trichloride is 
formed; therefore these circumstances are to be avoided. This can be done, for example, by the addition of sufficient alkali or by intensive stirring. When the formation of 
nitrogen trichloride cannot be avoided stringent safety measures are necessary.
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Authors Dufour AP, Evans O, Behymer TD, Cantú R.

Year 2006

Report Name Water ingestion during swimming activities in a pool: a pilot study.

Publication J Water Health.

Issue-page numbers 2006 Dec;4(4):425-30.

URL http://www.ncbi.nlm.nih.gov/pubmed/17176813

Abstract Chloroisocyanurates are commonly added to outdoor swimming pools to stabilize chlorine disinfectants. The chloroisocyanurates decompose slowly to release chlorine and 
cyanuric acid. Studies conducted to determine if the chloroisocyanurates might be toxic to swimmers showed that they were not and that ingested cyanuric acid passed 
through the body unmetabolized. This fact was used to determine the amount of water swallowed during swimming activity. Fifty-three recreational swimmers, using a 
community swimming pool disinfected with cyanuric acid stabilized chlorine, participated in the study. The participants did not swim on the day before or after the test swim. 
The swimmers were asked to actively swim for at least 45 minutes and to collect their urine for the next 24 hours. Cyanuric acid was measured in pool water using high 
performance liquid chromatography and porous graphitic carbon columns with UV detection. The urine sample assay required a clean-up procedure to remove urinary proteins 
and interfering substances. Results of the study indicate that non-adults ingest about twice as much water as adults during swimming activity. The average amount of water 
swallowed by non-adults and adults was 37 ml and 16 ml, respectively. The design for this study and the analytical methodology used to assay cyanuric acid in swimming pool 
water and human urine were effective for measuring the volume of water swallowed during swimming activity.
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Authors Eichelsdörfer D, Jandik J, Weil L

Year 1981

Report Name [Formation and occurrence of organic halogenated compounds in swimming pool water]

Publication A.B. Archiv des Badewesens

Issue-page numbers 34: 167–172 (in German).

URL

Abstract

Keywords
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Authors Emanuel BP

Year 1998

Report Name The Relationship Between Pool Water Quality and Ventilation

Publication Environmental Health

Issue-page numbers 2: 17-20

URL http://www.thefreelibrary.com/The+relationship+between+pool+water+quality+and+ventilation.-a021125872

Abstract In late 1992, the Park Ridge Park District in Illinois, completed construction of a new aquatic center that included an 80,000-gallon lap pool, a 20,000-gallon leisure pool and a 
1,300-gallon spa. During the first routine inspection of this facility in January 1993, extremely high levels of chloramines, ranging from two to five parts per million (ppm), were 
found in both swimming pools. Chloramines, also known as combined chlorine, result from the combination of chlorine and ammonia. They may be organic or inorganic. Under 
normal conditions, superchlorination, at 10 times the concentration of the chloramine level, is sufficient to bring the pool water to the chlorine breakpoint, releasing the 
ammonia from the pool water and leaving only free chlorine (1-3). This process is known as "shocking." The State of Illinois Swimming Pool Regulations stipulate that 
whenever chloramines are present at a concentration greater than 0.2 ppm, the pool must be shocked to remove them (4). Despite numerous attempts, however, no shock 
treatment succeeded in eliminating the chloramines from the park district pools. In fact, chloramine levels remained relatively unchanged.
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Authors Erdinger L, Kirsch F, Höppner A, Sonntag HG.

Year 1997

Report Name [Haloforms in hot spring pools]

Publication Zentralbl Hyg Umweltmed.

Issue-page numbers 1997 Oct;200(4):309-17.

URL http://www.ncbi.nlm.nih.gov/pubmed/9638884

Abstract Chloroforme is formed during disinfection of swimming pool water in certain amounts depending on several cofactors. Because of its carcinogenic properties this compound 
has been frequently a subject of public discussion over the last couple of years. Little is known about chloroforme concentrations in spas. Spas are operated at significantly 
higher temperatures as compared to other pools, and the organic contamination may be higher. Therefore, chloroforme is possibly produced in higher amounts than in regular 
swimming pools. On the other hand the air that is blown through the bassin may reduce the concentration of this low volatile substance. In order to investigate the average 
concentration, 21 water samples from spas in public indoor pools were analyzed as to their chloroforme contend. The median of concentration was 3.8 micrograms/l. The 
maximum measured chloroforme concentration was 6.4 micrograms/l. The average chloroforme concentration in the filtered water was slightly higher than before filtration. The 
use of spas does not implicate an increase in chloroforme uptake by bathers.
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Authors Erdinger L, Kirsch F, Sonntag HG.

Year 1997

Report Name [Potassium as an indicator of anthropogenic contamination of swimming pool water].

Publication Zentralbl Hyg Umweltmed.

Issue-page numbers 1997 Oct;200(4):297-308.

URL http://www.ncbi.nlm.nih.gov/pubmed/9638883

Abstract Swimming pool water is processed, filtered and disinfected repeatedly in order to maintain hygienic conditions. Additionally, fresh water is added. However, it cannot be 
avoided, that the concentrations of certain components of swimming pool water will increase in the course of time. DIN 19,643 regulates that fresh water supply can be 
measured by nitrate concentration. Nitrate is mainly formed by oxidation of nitrogen containing organic compounds. Oxidation reactions are complex and the amount of nitrate 
formed by this process depends on specific factors which may vary in swimming pools with different technical equipment. Therefore nitrate is only of limited reliability to 
estimate fresh water addition in public swimming pools. Main sources for nitrogen containing compounds in pool water are sweat and urine which contain inorganic 
compounds like potassium. Potassium is a direct indicator of contamination. Its concentration is not influenced by chemical reactions because it is an inert compound. The 
urine release into the water of indoor pools was estimated by this parameter to be 77.5 ml/person, in outdoor pools about 60 ml. Potassium concentration in swimming pools 
will reach an equilibrium concentration, depending on the size of the pool, the number of bathers and the amount of fresh water added. This equilibrium concentration is 
mathematically calculated in a general approach. In none of 36 swimming pools where potassium concentration was measured, this calculated value was exceeded. The 
results indicate that the potassium concentration is a new valuable parameter to assess the quality of swimming pool water under hygienic aspects.
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Authors Erdinger L, Kirsch F, Sonntag HG.

Year 1999

Report Name Chlorate as an inorganic disinfection by-product in swimming pools

Publication Zentralbl Hyg Umweltmed

Issue-page numbers 1999 Jun;202(1):61-75.

URL http://www.ncbi.nlm.nih.gov/pubmed/10418101

Abstract Chlorate and chlorite concentrations were determined in water samples taken from 33 swimming pools. In the pools under investigation, disinfection of the water is carried out 
either by gaseous chlorine (n = 14) or hypochlorite solution in conjunction with flocculation and sand filtration. A number of the pools also use ozone treatment to augment the 
disinfection process. Chlorite was not detectable in any of the samples (detection limit 1 mg/l). High concentrations of chlorate were detected in samples from a number of the 
pools; in one case as high as 40 mg/l. Higher chlorate concentrations were found to be associated with those pools using hypochlorite solution as a disinfecting agent. In 
contrast, relatively low chlorate concentrations were found in pools treated with gaseous chlorine. In order to elucidate any relationship between the chlorate content of pool 
water and that of the respective hypochlorite stock solution, chlorate and bromate concentrations were determined in the hypochlorite stock solutions of nine pools. Bromate 
concentration in the stock solutions were not found to exceed 1.2 g/l, chlorate was measured in concentrations of up to 44.5 g/l. The additional use of ozone as part of the 
water purification process appears to have no significant influence on chlorate concentration. Chlorate has no bactericidal properties and does not interfere with the 
measurement of certain parameters relevant to hygiene in swimming pools such as free and combined chlorine, pH or redox potential. At present, the effects of high chlorate 
concentrations in swimming pool water are unclear. Our initial investigations indicate that chlorate has no cytotoxic (Neutral-Red assay) or irritating properties (HET-CAM 
assay). However, both chlorate and chlorite are known to interfere with the haematopoetic system. In Germany, the MCL for chlorite in drinking water is 0.2 mg/l. It is therefore 
strongly recommended that measures should be taken to reduce chlorate concentrations in swimming pool water.
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Authors Erdinger L, Kühn KP, Kirsch F, Feldhues R, Fröbel T, Nohynek B, Gabrio T.

Year 2004

Report Name Pathways of trihalomethane uptake in swimming pools

Publication Int J Hyg Environ Health.

Issue-page numbers 2004 Dec;207(6):571-5.

URL http://www.lims.hu/media/furdokonf/English/presentationsp/erdinger2_p.pdf

Abstract Chlorination of pool water leads to the formation of numerous disinfection by-products (DBPs), chloroform usually being most abundant. Bathers and pool guardians take up 
various amounts of DBPs by different pathways. Identification of different uptake paths is important in order to develop a technical strategy for swimming pool water treatment 
and to develop focussed technical solutions to minimize THM uptake. Basically, trihalomethanes (THMs) can be taken up by inhalation, by dermal absorption, or orally 
(swallowing of water). In our experimental study involving up to 17 participants we quantified the body burden resulting from exposure to three different concentrations of 
chloroform in water and air of an indoor swimming pool, during a 60 min exercising period. Chloroform concentration of the water was 20.7, 7.1, and 24.8 microg/l and was not 
influenced artificially. Corresponding air CHCl3 concentrations were measured at two different levels (20 cm and 150 cm) and ranged from to 85 to 235 microg/m3. To 
dissociate the dermal exposure route from that of inhalation, THM concentrations were measured in the blood of subjects practicing in an indoor pool with and without scuba 
tanks, as well as in the blood of subjects walking around the pool without swimming. Chloroform concentrations were measured in blood samples before and after each 
exercise period. Blood chloroform concentration of participants with scuba tanks was 0.32 +/- 0.26 microg/l, without scuba tanks 0.99 +/- 0.47 micro/l, and for persons walking 
around the pool 0.31 +/- 0.25 microg/l. Our results indicate that THMs are mainly taken up over the respiratory pathway. Only about one third of the total burden is taken up 
over the skin. We examined the relationship between blood concentration and environmental chloroform concentrations by using linear regression models. Blood 
concentrations are correlated to air chloroform concentrations; correlation to water concentrations is less obvious.
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Authors Evans O, Cantú R, Bahymer TD, Kryak DD, Dufour AP

Year 2001

Report Name A pilot study to determine the water volume ingested by recreational swimmers

Publication Paper presented to 2001 Annual Meeting of the Society for Risk Analysis

Issue-page numbers Seattle, Washington, 2–5 December 2001.

URL

Abstract
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Authors Ewers H, Hajimiragha H, Fischer U, Böttger A, Ante R

Year 0

Report Name [Organic halogenated compounds in swimming pool waters]

Publication Forum Städte-Hygiene

Issue-page numbers 38: 77–79 (in German)

URL

Abstract
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Authors Guglielmina Fantuzzi, Elena Righi, Guerrino Predieri, Pierluigi Giacobazzi, Berchotd Petra and Gabriella Aggazzotti

Year 2012

Report Name Airborne trichloramine (NCl3) levels and self-reported health symptoms in indoor swimming pool workers: dose-response relationships

Publication Journal of Exposure Science and Environmental Epidemiology

Issue-page numbers  (2013) 23, 88–93; doi:10.1038/jes.2012.56; published online 27 June 2012

URL http://www.nature.com/jes/journal/v23/n1/abs/jes201256a.html

Abstract The hypothesis that attendance at indoor chlorinated swimming pool is a risk factor for irritative ocular and respiratory symptoms and bronchial asthma is well known in 
literature, although epidemiological evidence is still inconclusive. The aim of this study was to evaluate the association between airborne trichloramine (NCl3) levels and 
irritative symptoms in swimming pool employees in order to obtain detailed data regarding dose-response relationships and to identify the airborne NCl3 exposure level, if any, 
without health effects. A total of 20 indoor swimming pools in the Emilia Romagna region of Italy were included in the study. Information about the health status of 128 
employees was collected using a self-administered questionnaire. Exposure to airborne NCl3 was evaluated in indoor swimming pools by a modified DPD/KI method. The 
results of the study evidenced a mean value of airborne NCl3 of 0.65±0.20 mg/m3 (ranging from 0.20 to 1.02 mg/m3). Both ocular and upper respiratory symptoms, in 
particular red eyes, runny nose, voice loss and cold symptoms, were declared more frequently by lifeguards and trainers when compared with employees working in other 
areas of the facility (office, cafe, and so on). Pool attendants exposed to airborne NCl3 levels of >0.5 mg/m3 experienced higher risks for runny nose (OR: 2.91; 95% CI: 
1.22–6.93) red eyes (OR: 3.16; 95% CI: 1.46–6.82), voice loss (OR: 3.56; 95% CI: 1.60–7.95) and itchy eyes (OR: 2.23; 95% CI: 1.04–4.78) than other employees. Moreover, 
red eyes, itchy eyes, runny nose and voice loss are related to airborne NCl3 levels, with strong dose-response relationships. In conclusion, this study shows that lifeguards 
and trainers experience ocular and respiratory irritative symptoms more frequently than employees not exposed. Irritative symptoms become significant starting from airborne 
NCl3 levels of >0.5 mg/m3, confirming that the WHO-recommended value can be considered protective in occupational exposure to airborne NCl3 in indoor swimming pools.
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Authors Guglielmina Fantuzzi, Elena Righi, Guerrino Predieri, Giorgia Ceppelli, Fabriziomaria Gobba, Gabriella Aggazzotti

Year 2001

Report Name Occupational exposure to trihalomethanes in indoor swimming pools

Publication Science of The Total Environment

Issue-page numbers Volume 264, Issue 3, 17 January 2001, Pages 257–265

URL http://www.sciencedirect.com/science/article/pii/S0048969700007221

Abstract The study evaluated occupational exposure to trihalomethanes (THMs) in indoor swimming pools. Thirty-two subjects, representing the whole workforce employed in the five 
public indoor swimming pools in the city of Modena (Northern Italy) were enrolled. Both environmental and biological monitoring of THMs exposure were performed. 
Environmental concentrations of THMs in different areas inside the swimming pools (at the poolside, in the reception area and in the engine-room) were measured as external 
exposure index, while individual exposure of swimming pool employees was estimated by THMs concentration in alveolar air. The levels of THMs observed in swimming pool 
water ranged from 17.8 to 70.8 µg/l; the mean levels of THMs in ambient air were 25.6±24.5 µg/m3 in the engine room, 26.1±24.3 µg/m3 in the reception area and 58.0±22.1 
µg/m3 at the poolside. Among THMs, only chloroform and bromodichloromethane were always measured in ambient air, while dibromochloromethane was detected in 
ambient air rarely and bromoform only once. Biological monitoring results showed a THMs mean value of 20.9±15.6 µg/m3. Statistically significant differences were observed 
according to the main job activity: in pool attendants, THMs alveolar air were approximately double those observed in employees working in other areas of the swimming pools 
(25.1±16.5 µg/m3 vs. 14.8±12.3 µg/m3, P<0.01). THMs in alveolar air samples were significantly correlated with THMs concentrations in ambient air (r=0.57; P<0.001). Indoor 
swimming pool employees are exposed to THMs at ambient air levels higher than the general population. The different environmental exposure inside the swimming pool can 
induce a different internal dose in exposed workers. The correlation found between ambient and alveolar air samples confirms that breath analysis is a good biological index of 
occupational exposure to these substances at low environmental levels.
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Authors Guglielmina Fantuzzi, Elena Righiemail, Guerrino Predieriemail, Pierluigi Giacobazziemail, Katia Mastroianniemail and Gabriella Aggazzottiemail

Year 2010

Report Name Prevalence of Ocular, Respiratory and Cutaneous Symptoms in Indoor Swimming Pool Workers and Exposure to Disinfection By-Products (DBPs)

Publication Int. J. Environ. Res. Public Health

Issue-page numbers 7(4), 1379-1391; doi:10.3390/ijerph7041379

URL http://www.mdpi.com/1660-4601/7/4/1379

Abstract bstract: The objective of this cross-sectional study was to investigate the prevalence of self-reported respiratory, ocular and cutaneous symptoms in subjects working at indoor 
swimming pools and to assess the relationship between frequency of declared symptoms and occupational exposure to disinfection by-products (DBPs). Twenty indoor 
swimming pools in the Emilia Romagna region of Italy were included in the study. Information about the health status of 133 employees was collected using a self-
administered questionnaire. Subjects working at swimming pools claimed to frequently experience the following symptoms: cold (65.4%), sneezing (52.6%), red eyes (48.9%) 
and itchy eyes (44.4%). Only 7.5% claimed to suffer from asthma. Red eyes, runny nose, voice loss and cold symptoms were declared more frequently by pool attendants 
(lifeguards and trainers) when compared with employees working in other areas of the facility (office, cafe, etc.). Pool attendants experienced generally more verrucas, 
mycosis, eczema and rash than others workers; however, only the difference in the frequency of self-declared mycosis was statistically significant (p = 0.010). Exposure to 
DBPs was evaluated using both environmental and biological monitoring. Trihalomethanes (THMs), the main DBPs, were evaluated in alveolar air samples collected from 
subjects. Swimming pool workers experienced different THM exposure levels: lifeguards and trainers showed the highest mean values of THMs in alveolar air samples (28.5 ± 
20.2 µg/m3), while subjects working in cafe areas (17.6 ± 12.1 µg/m3), offices (14.4 ± 12.0 µg/m3) and engine rooms (13.6 ± 4.4 µg/m3) showed lower exposure levels. 
Employees with THM alveolar air values higher than 21 µg/m3 (median value) experienced higher risks for red eyes (OR 6.2; 95% CI 2.6–14.9), itchy eyes (OR 3.5; 95% CI 
1.5–8.0), dyspnea/asthma (OR 5.1; 95% CI 1.0–27.2) and blocked nose (OR 2.2; 95% CI 1.0–4.7) than subjects with less exposure. This study confirms that lifeguards and 
trainers are more at risk for respiratory and ocular irritative symptoms and cutaneous diseases than subjects with other occupations at swimming pool facilities.
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Authors L.Feyen and P.W.Appel

Year 2011

Report Name DISINFECTION BY-PRODUCTS IN SWIMMING POOLS:

Publication SPSR

Issue-page numbers 25-35

URL http://www.pwtag.org/researchdocs/DISINFECTION%20BYPRODUCTS%20IN%20SWIMMING%20POOLS%20MINIMIZE%20OR%20AVOID.pdf

Abstract Swimming pools have to cope with large variations in bather load, upsetting the often delicate balances
between physical, chemical, and biological processes which determine the water and air quality in
chlorinated indoor swimming pools. As a result, main contaminants like chlorinated nitrogen-containing
compounds and trihalomethanes in crowded pools can reach unacceptable levels of these by-products,
at a time when least desired. A better understanding of the dynamics of these processes is key to choosing
the optimal process conditions for a better control of these variations, using the mandatory treatment
steps of flocculation, filtration, and chlorination only. In doing so, swimming pools can cope with
reasonable variations in bather load.
The analysis qualitatively predicts when these steps are no longer sufficient, and when additional
treatment steps are to be put in place to control water quality. The focus here is on Advanced Oxidation
Processes (AOP’s). It is explained why often-used oxidation processes have different, sometimes undesirable,
effects on the control of disinfection by-products. The potential of Advanced Oxidation Processes in
the minimization of chlorinated nitrogen-containing compounds and trihalomethanes is discussed. Their
potential is demonstrated by model experiments, and compared with practical results.
Finally, the potential of silver-stabilized hydrogen peroxide to control the bacteriological quality in
swimming pools is evaluated. Hypotheses why previous, unreported attempts were less successful, and
measures to correct this, are discussed. When these measures are taken, results from a long-duration
pilot experiment in a heavily-visited sauna centre show that this disinfection system can be very effective
in medium and small-sized swimming pools.
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Authors Michelle Z. Fisk, Michelle D. Steigerwald, James M. Smoliga, and Kenneth W. Rundell

Year 2010

Report Name Asthma in Swimmers:

Publication Physician and Sportsmedicine

Issue-page numbers Volume 38 No. 4

URL https://physsportsmed.org/?q=doi/10.3810/psm.2010.12.1822

Abstract  Asthma is common in many types of athletes, but its prevalence appears to be particularly high in swimmers. Long-term and acute exposure to swimming pool disinfectants 
has been shown to increase asthma risk in swimmers through inducing oxidative stress, which results in inflammation of the pulmonary epithelium and subsequent airway 
remodeling. Individuals with specific genotypes are more likely to develop asthma when exposed to inhaled irritants. Therefore, it is important for physicians to be 
knowledgeable about the risks associated with asthma in swimmers, as well as the diagnostic techniques and practices to reduce asthma symptoms.
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Authors Arnaud Florentin, Alexis Hautemanière, Philippe Hartemann

Year 2011

Report Name Health effects of disinfection by-products in chlorinated swimming pools

Publication International Journal of Hygiene and Environmental Health

Issue-page numbers Volume 214, Issue 6, November 2011, Pages 461–469

URL http://www.sciencedirect.com/science/article/pii/S1438463911001313

Abstract Increased attendance at swimming pools is correlated with higher input of organic and minerals pollutants introduced by swimmers in the swimming pool water. In most 
swimming pools, microbiological control is performed by disinfection with the addition of chlorine. Chlorine is now well-known to lead to the formation of many disinfection by-
products (DBPs) including trihalomethanes and chloramines. The hypothesis of a link between the presence of eye and skin irritation syndromes in swimmers and contact with 
swimming pool water treated with chlorine was initially proposed by Mood (1953). During recent decades many epidemiological studies have described the importance of 
DBPs generated with natural or imported organic matter present in water. Many of these DBPs are suspected to be toxic or even carcinogenic. Trihalomethanes and 
haloacetic acid families are the most studied but others DBPs, like chloral hydrate, haloacetonitriles, N-nitrosodimethylamine and the bromate ion, are emerging compounds of 
interest. Epidemiological data about the risk of cancer are still controversial. However, numerous publications highlight a toxic risk especially the risk of allergy and respiratory 
symptoms for babies and elite swimmers. The few publications dedicated to risk assessment do not suggest increased risk, other than for elite swimmers. These publications 
are likely to underestimate the risk associated with DBPs because of the lack of data in the literature precludes the calculation of risk associated with certain compounds or 
certain pathways. Thus for regulations, the need to take into account the risks associated with disinfection by-products is now important without forgetting the need of the 
control of microbiological hazards in swimming pools.
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Authors Laia Font-Ribera, Manolis Kogevinas, Jan-Paul Zock, Federico P. Gómez, Esther Barreiro, Mark J. Nieuwenhuijsen, Pilar Fernandez, Carolina Lourencetti, et al.

Year 2012

Report Name Short-Term Changes in Respiratory Biomarkers after Swimming in a Chlorinated Pool

Publication Environ Health Perspect.

Issue-page numbers 2010 November; 118(11): 1538–1544.

URL http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2974690/

Abstract Background

Swimming in chlorinated pools involves exposure to disinfection by-products (DBPs) and has been associated with impaired respiratory health.

Objectives

We evaluated short-term changes in several respiratory biomarkers to explore mechanisms of potential lung damage related to swimming pool exposure.

Methods

We measured lung function and biomarkers of airway inflammation [fractional exhaled nitric oxide (FeNO), eight cytokines, and vascular endothelial growth factor (VEGF) in 
exhaled breath condensate], oxidative stress (8-isoprostane in exhaled breath condensate), and lung permeability [surfactant protein D (SP-D) and the Clara cell secretory 
protein (CC16) in serum] in 48 healthy nonsmoking adults before and after they swam for 40 min in a chlorinated indoor swimming pool. We measured trihalomethanes in 
exhaled breath as a marker of individual exposure to DBPs. Energy expenditure during swimming, atopy, and CC16 genotype (rs3741240) were also determined.

Results

Median serum CC16 levels increased from 6.01 to 6.21 µg/L (average increase, 3.3%; paired Wilcoxon test p = 0.03), regardless of atopic status and CC16 genotype. This 
increase was explained both by energy expenditure and different markers of DBP exposure in multivariate models. FeNO was unchanged overall but tended to decrease 
among atopics. We found no significant changes in lung function, SP-D, 8-isoprostane, eight cytokines, or VEGF.

Conclusions

We detected a slight increase in serum CC16, a marker of lung epithelium permeability, in healthy adults after they swam in an indoor chlorinated pool. Exercise and DBP 
exposure explained this association, without involving inflammatory mechanisms. Further research is needed to confirm the results, establish the clinical relevance of short-
term serum CC16 changes, and evaluate the long-term health impacts.

Keywords biomarkers, Clara cell secretory protein, disinfection by-products, exhaled breath condensate, fractional exhaled nitric oxide, respiratory health
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Authors L. Font-Ribera, M. Kogevinas, J-P. Zock, M. J. Nieuwenhuijsen, D. Heederik and C. M. Villanueva

Year 2009

Report Name Swimming pool attendance and risk of asthma and allergic symptoms in children

Publication ERJ

Issue-page numbers  December 1, 2009 vol. 34 no. 6 1304-1310

URL http://www.ersj.org.uk/content/34/6/1304.short

Abstract Increased asthma risk has been associated with pool attendance in children but evidence is inconsistent and inconclusive. A survey was conducted of 3,223 9–12-yr-old 
children in Sabadell (Spain) to evaluate association between swimming pool attendance and prevalence of asthma and allergic conditions and symptoms.

Parents completed a questionnaire on lifetime frequency of pool attendance and symptoms in the last 12 months (wheezing, asthma medication, rhinitis and allergic rhinitis), 
ever having asthma and eczema, and potential confounders. Indicators of indoor and outdoor swimming pool attendance early in life, cumulatively and currently were 
calculated.

Swimming pool attendance before the age of 2 yrs was associated with slightly lower prevalence of current asthma (OR 0.79, 95% CI 0.43–1.46), rhinitis (OR 0.86, 95% CI 
0.68–1.08) and allergic rhinitis symptoms (OR 0.72, 95% CI 0.54–0.96) compared to those who started attending swimming pools after 4 yrs of age. An increased prevalence 
of eczema was associated with duration of lifetime pool attendance (OR 1.71, 95%CI 1.38–2.12 for >5 yrs versus 0 yrs).

Swimming pool attendance in Spanish children was associated with slightly less upper and lower respiratory tract symptoms and with more eczema. Longitudinal studies are 
required to confirm these findings and avoid potential reverse causation.

Keywords Allergic symptoms, asthma, children, eczema, rhinitis, swimming pools
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Authors Laia Font-Ribera, Cristina M. Villanueva, Mark J. Nieuwenhuijsen, Jan-Paul Zock, Manolis Kogevinas and

Year 2010

Report Name Swimming Pool Attendance, Asthma, Allergies, and Lung Function in the Avon Longitudinal Study of Parents and Children Cohort

Publication Am. J. Respir. Crit. Care Med.

Issue-page numbers March 1, 2011 vol. 183 no. 5 582-588

URL http://ajrccm.atsjournals.org/content/183/5/582.short

Abstract Rationale: Cross-sectional studies have reported inconsistent findings for the association between recreational swimming pool attendance and asthma and allergic diseases in 
childhood.

Objectives: To examine whether swimming in infancy and childhood was associated with asthma and allergic symptoms at age 7 and 10 years in a UK longitudinal population-
based birth cohort, the Avon Longitudinal Study of Parents and Children.

Methods: Data on swimming were collected by questionnaire at 6, 18, 38, 42, 57, 65, and 81 months. Data on rhinitis, wheezing, asthma, eczema, hay fever, asthma 
medication, and potential confounders were collected through questionnaires at 7 and 10 years. Spirometry and skin prick testing were performed at 7 to 8 years. Data for 
analysis were available for 5,738 children.

Measurements and Main Results: At age 7 years, more than 50% of the children swam once per week or more. Swimming frequency did not increase the risk of any evaluated 
symptom, either overall or in atopic children. Children with a high versus low cumulative swimming pool attendance from birth to 7 years had an odds ratio of 0.88 (95% 
confidence interval, 0.56–1.38) and 0.50 (0.28–0.87), respectively, for ever and current asthma at 7 years, and a 0.20 (0.02–0.39) standard deviation increase in the forced 
midexpiratory flow. Children with asthma with a high versus low cumulative swimming had an odds ratio for current asthma at 10 years of 0.34 (0.14–0.80).

Conclusions: This first prospective longitudinal study suggests that swimming did not increase the risk of asthma or allergic symptoms in British children. Swimming was 
associated with increased lung function and lower risk of asthma symptoms, especially among children with preexisting respiratory conditions.

Keywords  Avon Longitudinal Study of Parents and Children, pediatric, epidemiology, prospective, irritants
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Authors Font-Ribera, L; Villanueva, C M; Zock, J; Nieuwenhuijsen, M; Heederik, D; Grimalt, J

Year 2009

Report Name Lifetime Swimming Pool Attendance, Asthma, Eczema and Respiratory Symptoms in School-Age Children

Publication Epidemiology

Issue-page numbers November 2008 - Volume 19 - Issue 6 - p S141

URL http://journals.lww.com/epidem/Citation/2008/11001/Lifetime_Swimming_Pool_Attendance,_Asthma,_Eczema.408.aspx

Abstract
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Authors Louise Fornander, Bijar Ghafouri, Mats Lindahl, Pa°l Graff

Year 2012

Report Name Airway irritation among indoor swimming pool personnel: trichloramine exposure, exhaled NO and protein profiling of nasal lavage fluids

Publication Int Arch Occup Environ Health

Issue-page numbers 2012 Jun 23. [Epub ahead of print]

URL http://link.springer.com/content/pdf/10.1007%2Fs00420-012-0790-4

Abstract PURPOSE:

Occurrence of airway irritation among indoor swimming pool personnel was investigated. The aims of this study were to assess trichloramine exposure levels and exhaled 
nitric oxide in relation to the prevalence of airway symptoms in swimming pool facilities and to determine protein effects in the upper respiratory tract.
METHODS:

The presence of airway symptoms related to work was examined in 146 individuals working at 46 indoor swimming pool facilities. Levels of trichloramine, as well as exhaled 
nitric oxide, were measured in five facilities with high prevalence of airway irritation and four facilities with no airway irritation among the personnel. Nasal lavage fluid was 
collected, and protein profiles were determined by a proteomic approach.
RESULTS:

17 % of the swimming pool personnel reported airway symptoms related to work. The levels of trichloramine in the swimming pool facilities ranged from 0.04 to 0.36 mg/m(3). 
There was no covariance between trichloramine levels, exhaled nitric oxide and prevalence of airway symptoms. Protein profiling of the nasal lavage fluid showed that the 
levels alpha-1-antitrypsin and lactoferrin were significantly higher, and S100-A8 was significantly lower in swimming pool personnel.
CONCLUSIONS:

This study confirms the occurrence of airway irritation among indoor swimming pool personnel. Our results indicate altered levels of innate immunity proteins in the upper 
airways that may pose as potential biomarkers. However, swimming pool facilities with high prevalence of airway irritation could not be explained by higher trichloramine 
exposure levels. Further studies are needed to clarify the environmental factors in indoor swimming pools that cause airway problems and affect the immune system.

Keywords Innate immunity, Occupational medicine, Proteomics, Upper respiratory tract
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Authors F. Gagnaire, S. Azim, P. Bonnet, G. Hecht, M. Hery

Year 1994

Report Name Comparison of the sensory irritation response in mice to chlorine and nitrogen trichloride

Publication Journal of Applied Toxicology

Issue-page numbers Volume 14, Issue 6, pages 405–409, November/December 1994

URL http://onlinelibrary.wiley.com/doi/10.1002/jat.2550140604/abstract

Abstract The expiratory bradypnoea indicative of upper airway irritation in mice was evaluated during a 60-min oronasal exposure to increasing concentrations of chlorine and nitrogen 
trichloride. The airborne concentration resulting in a 50% decrease in the respiratory rate of mice (RD50) was calculated for each chemical. Chlorine and nitrogen trichloride 
showed dissimilar concentration-response curves. While the maximal response of nitrogen trichloride was reached in 10 min, the maximal response of chlorine was reached 
between 45 and 60 min of exposure. The results showed both chemicals to have an irritant potency of the same order of magnitude. The RD50 values of chlorine and nitrogen 
trichloride were 3.5 and 2.5 ppm, respectively. On the basis of a TLV-STEL (threshold limit value for short-term exposure limit) equal to 0.1 RD50 and a TLV-TWA (time-
weighted average) equal to 0.03 RD50, the current TLVs for chlorine seem too high (1 and 0.5 ppm, respectively) and should be reduced to 0.5 and 0.1 ppm, respectively. For 
nitrogen trichloride, 0.3 ppm and 0.1 ppm are proposed as TLV-STEL and TLV-TWA, respectively.

Keywords sensory irritation; mice; chlorine; nitrogen trichloride
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Authors GERARDIN F., MULLER-RODRIGUEZ N., QUENIS B.

Year 2001

Report Name [Trichloramine stripping in swimming pool buffer tanks. Study of different gas/liquid contact systems]

Publication Note documentaire

Issue-page numbers ND 2153

URL http://www.hst.fr/inrs-pub/inrs01.nsf/IntranetObject-accesParReference/HST_ND%202153/$File/ND2153.pdf

Abstract The aim of this study was to compare the performance of four gas/liquid contactors. These systems can be adapted to the buffer tanks of bathing establishments in order to 
extract trichloramines by stripping (irritant atmospheric pollutants) present in the recirculated water of pools. To do so, we employed two pilot plants allowing several 
parameters to be varied.
This study was carried out within the framework of an agreement with the Chemical engineering Laboratory of the educational establishment CPE in Lyons.
It confirmed the satisfactory extraction results recorded in the field (reductions in the atmospheric nitrogen trichloride concentrations of more than 60% were achieved) and 
also allowed the determination of the dimensioning parameters of each system.
The last chapter of this paper provides an example of the dimensioning of these four systems for a typical buffer tank (with average dimensions, gas and liquid flow rates, and 
pollution).

Keywords trichloramine, swimming pool, extraction, gas/liquid contact, system
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Authors Michael Goodman and Sean Hays

Year 2008

Report Name Asthma and Swimming: A Meta-Analysis

Publication Journal of Asthma

Issue-page numbers 2008, Vol. 45, No. 8 , Pages 639-647 (doi:10.1080/02770900802165980)

URL http://informahealthcare.com/doi/abs/10.1080/02770900802165980

Abstract In this meta-analysis, studies on swimming and asthma were divided into four groups: Group I compared frequency of asthma among elite swimmers to that of other athletes; 
Group II examined the association between asthma and swimming during childhood; Group III evaluated effects of swimming programs on asthma severity and pulmonary 
function; and Group IV compared immediate respiratory effects of swimming to those of other types of exercise. The summary results were expressed as meta-odds ratios 
(Ors) for binary endpoints such as presence of asthma, and meta-differences for continuous endpoints such as changes in post-exercise pulmonary function tests (PFTs). All 
summary measures of effect were calculated using random effects models accompanied by a corresponding 95% confidence interval (CI) and a test for heterogeneity. In the 
analysis comparing frequency of asthma among elite swimmers to that among other athletes (Group I), meta-Ors ranged from 2.3 to 2.6 with all 95% Cis excluding 1.0. The 
corresponding meta-Ors reflecting the association between asthma and swimming pool use during childhood (Group II) were in the 0.63–0.82 range and were not statistically 
significant. In comparison to swimming, running and/or cycling was associated with a statistically significant four-to six-fold increase in exercise induced bronchospasm. 
Although asthma is more commonly found among elite swimmers than among other high-level athletes, it is premature to draw conclusions about the causal link between 
swimming and asthma because most studies available to date used cross-sectional design, because the association is not confirmed among non-competitive swimmers, and 
because asthmatics may be more likely to select swimming as the activity of choice because of their condition.

Keywords asthma, swimming pools, chlorine, chlorine hypothesis, meta-analysis

Goodman M, Hays S

Authors Gordan Grguric, John H. Trefry, Jeffrey J. Keaffaber

Year 1994

Report Name Ozonation products of bromine and chlorine in seawater aquaria

Publication Water Research

Issue-page numbers Volume 28, Issue 5, May 1994, Pages 1087–1094

URL http://www.sciencedirect.com/science/article/pii/0043135494901945

Abstract During ozonation of seawater in closed marine systems, reduced chemical species such as bromide ion and, to a much lesser degree, chloride ion may be oxidized to a 
variety of potentially harmful products. Concentrations and stabilities of several of these products were measured for the artificial seawater aquarium.The Living Seas. In this 
facility, where bromide ion was not originally added, trace amounts are present from impurities in NaCl. The total bromine concentration of the system is 57 µM with the 
following speciation after 6 years of operation: 5 µM bromate ion, <0.4µM hypobromite ion and 52 µM bromide ion. To model the evolution of the observed speciation of 
bromide in this system, pure aqueous solutions of NaBr, NaCl and a mix of the two were ozonated. The results obtained, together with existing kinetic data, were used to 
develop a computer model of ozone reactions with artificial seawater. By applying the model to The Living Seas, we can account for the presently observed speciation of 
bromine. We conclude that even in an artificial seawater system where bromide ion is not added, this trace impurity is the dominant species oxidized during ozonation.
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Authors Gundermann KO, Jentsch F, Matthiessen A

Year 1997

Report Name [Final report on the research project “Trihalogenmethanes in indoor

Publication Kiel, Institut für Hygiene und Umweltmedizin der Universität Kiel

Issue-page numbers

URL http://130.203.133.150/showciting;jsessionid=59EA8FBE3385709B6BD7687ACEB8E1A8?cid=12176152

Abstract

Keywords
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Authors Gunkel K, Jessen HJ.

Year 1988

Report Name The problem of urea in bathing water

Publication Z Gesamte Hyg

Issue-page numbers 1988 Apr;34(4):248-50.

URL http://www.ncbi.nlm.nih.gov/pubmed/3414133

Abstract

Keywords

Gunkel K, Jessen HJ.

Wednesday, January 23, 2013 Page 45 of 99http://www.trianglealumni.org/trichloramine/Trichloramine-References.pdf



Authors Kamilla M.S. Hansen, Sarah Willach, Maria G. Antoniou, Hans Mosbæk, Hans-Jørgen Albrechtsen, Henrik R. Andersen

Year 2012

Report Name Effect of pH on the formation of disinfection byproducts in swimming pool water – Is less THM better?

Publication Water Research

Issue-page numbers Volume 46, Issue 19, 1 December 2012, Pages 6399–6409

URL http://www.sciencedirect.com/science/article/pii/S0043135412006513

Abstract This study investigated the formation and predicted toxicity of different groups of disinfection byproducts (DBPs) from human exudates in relation to chlorination of pool water 
at different pH values. Specifically, the formation of the DBP groups trihalomethanes (THMs), haloacetic acids (HAAs), haloacetonitriles (HANs) and trichloramine (NCl3), 
resulting from the chlorination of body fluid analog, were investigated at 6.0 ≤ pH ≤ 8.0. Either the initial concentration of active chorine or free chlorine was kept constant in 
the tested pH range. THM formation was reduced by decreasing pH but HAN, and NCl3 formation increased at decreasing pH whereas the formation of HAAs remained 
constant. Under our experimental conditions, the formation of NCl3 (suspected asthma inducing compound) at pH = 6.0 was an order of magnitude higher than at pH = 7.5. 
Furthermore, the effect of the presence of bromide on DBP formation was investigated and found to follow the same pH dependency as without bromide present, with the 
overall DBP formation increasing, except for HAAs. Estimation of genotoxicity and cytotoxicity of the chlorinated human exudates showed that among the quantified DBP 
groups, HAN formation were responsible for the majority of the toxicity from the measured DBPs in both absence and presence of bromide.

Keywords
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Authors Hery M, Gerber JM, Hecht G, Subra I, Possoz C, Aubert S, Dieudonne M, Andre JC.

Year 1998

Report Name Exposure to chloramines in a green salad processing plant

Publication Ann Occup Hyg

Issue-page numbers  1998 Oct;42(7):437-51.

URL http://www.ncbi.nlm.nih.gov/pubmed/9793475

Abstract Acute eye and upper respiratory irritation was reported at an industrial facility that processes green salads in water containing hypochlorite. The irritant agents were 
chloramines resulting from the reaction of hypochlorite and nitrogen compounds coming from the sap proteins released when the vegetables were cut. Specific sampling and 
analytical methods were developed in order to assess the workers' exposure. Monochloramine, dichloramine and nitrogen trichloride were found in the atmosphere, which can 
explain the irritation phenomena of which the workers complained. In the washing room (where salads are processed), the total chloramine concentration ranged from 0.4 to 
16 mg.m-3, depending on the day and the location of the area sampling points. The exposure of workers determined by personal sampling ranged from 0.2 to 5 mg.m-3. In a 
previous study, with swimming pool instructors exposed to the same pollutants, irritation phenomena generally appeared at chloramine values of around 0.5 mg.m-3.
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Authors HERY M. ; HECHT G. ; GERBER J. M. ; HUBERT G. ; SUBRA I. ; AUBERT S. ; GERARDIN F. ; DOROTTE M. (2) ;

Year 1999

Report Name Occupational exposure during cleaning and disinfection in the food industry

Publication Occupational hygiene

Issue-page numbers 1999, vol. 5, no2, pp. 131-144 (17 ref.)

URL http://cat.inist.fr/?aModele=afficheN&cpsidt=1282213

Abstract An exposure assessment study was conducted in eight food industry plants. Significant exposure to nitrogen trichloride beyond the comfort limit value of 0.5 mg.m-3 was 
measured, primarily in two slaughterhouses (cattle and poultry) during the cleaning step performed with chlorinated alkali-based detergents. Excessive exposure to 
formaldehyde and glutaraldehyde was also registered during the disinfection step in the cattle slaughterhouse and in two other plants (fish curing and smoking and pet food 
manufacturing factories). Special emphasis was placed on the necessity of performing careful rinsing after the cleaning and disinfection steps: in one factory exposure to 
chlorine gas was determined, and in another where glutaraldehyde was used some dermal irritations appeared when this rinsing step was neglected.

Keywords
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Authors M. Hery, G. Hecht, J. M. Gerber, J. C. Gender, G. Hubert and J. Rebuffaud

Year 1995

Report Name Exposure to chloramines in the atmosphere of indoor swimming pools

Publication Ann Occup Hyg

Issue-page numbers  (1995) 39 (4): 427-439. doi: 10.1093/annhyg/39.4.427

URL http://annhyg.oxfordjournals.org/content/39/4/427.abstract

Abstract Specific sampling and analytical methods were developed to assess the concentration of chloramines in the atmosphere of indoor swimming pools because swimming 
instructors had complained of irritation (mainly eye and lung). The sampling method is based upon the reduction of chloramines to chlorides which are then analysed by ion 
chromatography. The chloramine concentration in the atmosphere of 13 swimming pools (including five recreational centres and one reeducation centre) was measured, 
showing that the concentrations were higher in the recreational centres. The influence of slides, bubbling baths, waves and other activities were demonstrated. A correlation 
was made between the level of pollutants and the complaints registered, leading to the proposal of a ‘comfort’ limit value.
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Authors G. Holzwarth, R.G. Balmer, L. Soni

Year 1984

Report Name The fate of chlorine and chloramines in cooling towers

Publication Water Research

Issue-page numbers Volume 18, Issue 11, 1984, Pages 1421–1427

URL http://www.sciencedirect.com/science/article/pii/0043135484900125

Abstract Chlorine and chloramines are volatile compounds which are stripped (“flashed off”) from recirculating cooling water systems by the large volumes of air which flow through the 
water in the cooling tower. The fraction of a volatile gas, such as hypochlorous acid (HOCl), which is removed by stripping is determined by Henry's constant H for that gas: H 
= XG/XL, where XG is the mole fraction of the gas in the air and XL is the mole fraction of the gas in the water. We have measured H for HOCl, OCl−, NH3, NH2Cl, NHCl2 and 
NCl3 at 20 and 40°C. We found H = 0.076 for HOCl, compared to 0.71 for NH3, at 20°C. At 40°C, H was about 2.5-fold larger for HOCl. This means that 10–15% of the HOCl 
is stripped from cooling water on each passage through a typical cooling tower. The measured flashoff of free available chlorine (HOCl + OCl−) was markedly pH-sensitive 
with a pK of 7.5, exactly as expected if HOCl is volatile but OCl− is not. The data permit a quantitative understanding of the fate of chlorine in cooling systems. The values of H 
at 40°C for NH2Cl, NHCl2 and NCl3 were 1.28, 3.76 and 1067. This means that all of the chloramines are quickly stripped in a cooling tower.

Keywords chlorine; volatility; cooling tower; water; Henry's constant; chloramines; flashoff;
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Authors Isaak RA, Morris JC

Year 1980

Report Name Rates of transfer of active chlorine between nitrogenous substrates

Publication In: Jolley

Issue-page numbers Vol. 3. Ann Arbor, MI, Ann Arbor Science Publishers

URL

Abstract
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Authors Jacobs JH, Fuertes E, Krop EJ, Spithoven J, Tromp P, Heederik DJ.

Year 2012

Report Name Swimming pool attendance and respiratory symptoms and allergies among Dutch children

Publication Occup Environ Med.

Issue-page numbers 2012 Nov;69(11):823-30. doi: 10.1136/oemed-2011-100621. Epub 2012 Aug 4.

URL http://www.ncbi.nlm.nih.gov/pubmed/22864284

Abstract OBJECTIVES:

To describe associations among swimming, respiratory health, allergen sensitisation and Clara cell protein 16 (CC16) levels in Dutch schoolchildren. Trichloramine levels in 
swimming pool air were determined to assess potential exposure levels.
METHODS:

Respiratory health and pool attendance information was collected from 2359 children, aged 6-13 years. Serum from 419 children was tested for allergen sensitisation and 
CC16 levels. Trichloramine levels were assessed in nine swimming facilities.
RESULTS:

Trichloramine levels ranged from 0.03 to 0.78 mg/m3 (average 0.21 mg/m3). Reported swimming pool attendance and trichloramine exposure were both not associated with 
asthma, wheezing, rhinitis or CC16 levels. Birch and house dust mite sensitisation were associated with recent indoor swimming (OR>1.86), but not after considering recent 
swimming frequency multiplied by trichloramine levels. Sensitisation to house dust mites was associated with frequent baby swimming (ORs=1.75; 95% CI 1.09 to 2.79). 
Furthermore, sensitisation was associated with lower serum CC16 levels. CC16 levels were associated with average trichloramine concentrations in pools; however, not after 
considering swimming frequency multiplied by trichloramine levels.
CONCLUSIONS:

Measured trichloramine levels were comparable with other studies but lower than in an earlier Dutch study. Swimming pool attendance was not associated with respiratory 
symptoms. The association between sensitisation and swimming during the first 2 years of life suggests that early-life exposures might be important, although this needs 
further study. The interpretation of transient and chronic changes of CC16 and other inflammatory markers in relation to the pool environment and health impacts warrants 
further investigation. Detailed comparisons with other studies are limited as few studies have measured trichloramine levels.

Keywords

Jacobs JH, Fuertes E, Krop EJ, et al.

Wednesday, January 23, 2013 Page 49 of 99http://www.trianglealumni.org/trichloramine/Trichloramine-References.pdf



Authors Jacobs JH, Spaan S, van Rooy GB, Meliefste C, Zaat VA, Rooyackers JM, Heederik D.

Year 2007

Report Name Exposure to trichloramine and respiratory symptoms in indoor swimming pool workers.

Publication Eur Respir J.

Issue-page numbers 2007 Apr;29(4):690-8. Epub 2006 Nov 15.

URL http://www.ncbi.nlm.nih.gov/pubmed/17107995

Abstract The association between swimming pool characteristics and activities of employees and respiratory symptoms in employees was studied. Trichloramine levels were measured 
to evaluate relationships with pool characteristics and to estimate long-term exposure levels. Questionnaires were available from 624 pool workers and 38 swimming facilities. 
Chloramine levels were measured by area sampling over 2-h periods and analysed using ion chromatography. Work-related and general respiratory symptoms, and 
symptoms indicative of atopy and bronchial hyperresponsiveness were considered. Respiratory symptom prevalence among pool workers was compared with symptoms in a 
Dutch population sample. Chloramine levels were modelled with regression analysis. This model was used to estimate long-term average chloramine levels for each pool 
studied. Employees with higher exposure reported upper respiratory symptoms with greater frequency. Upper respiratory symptoms were statistically significantly associated 
with cumulative chloramine levels (odds ratio (OR) >1.4 for hoarseness, lost voice, sinusitis). General respiratory symptoms were significantly elevated compared with a Dutch 
population sample (OR ranged 1.4-7.2). An excess risk for respiratory symptoms indicative of asthma was observed in swimming pool employees. Aggravation of existing 
respiratory disease or interactions between irritants and allergen exposures are the most likely explanations for the observed associations.
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Authors Jandik J

Year 1977

Report Name [Studies on decontamination of swimming pool water with consideration of ozonation of nitrogen

Publication Dissertation. Munich, Technical University Munich (in German).

Issue-page numbers

URL

Abstract
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Authors JECFA

Year 2004

Report Name Evaluation of certain food additives and contaminants

Publication Sixty-fi rst report of the Joint FAO/

Issue-page numbers WHO Technical Report Series No. 922

URL http://whqlibdoc.who.int/trs/WHO_TRS_922.pdf

Abstract This report represents the conclusions of a Joint FAO/WHO Expert Committee convened to evaluate the safety of various food additives, with a view to recommending 
acceptable daily intakes (ADIs) and to prepare specifications for the identity and purity of food additives.
The first part of the report contains a general discussion of the principles governing the toxicological evaluation of food additives (including flavouring agents) and 
contaminants, assessments of intake, and the establishment and revision of specifications for food additives. A summary follows of the Committee’s evaluations of 
toxicological and intake data on various specific food additives (a-amylase from Bacillus
lichenformis containing a genetically engineered a-amylase gene from B. licheniformis, annatto extracts, curcumin, diacetyl and fatty acid esters of glycerol, D-tagatose, 
laccase from Myceliophthora thermophila expressed in Aspergillus oryzae, mixed xylanase, b-glucanase enzyme preparation produced by a strain of Humicola insolens, 
neotame, polyvinyl alcohol, quillaia extracts and xylanase from Thermomyces lanuginosus expressed in Fusarium venenatum), flavouring agents, a nutritional source of iron 
(ferrous glycinate, processed with citric acid), a disinfectant for drinking-water (sodium dichloroisocyanurate) and contaminants (cadmium and methylmercury). Annexed to the 
report are tables summarizing the Committee’s recommendations for ADIs of the food additives, recommendations on the flavouring agents considered, and tolerable intakes 
of the contaminants considered, changes in the status of specifications and further
information requested or desired.
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Authors  Li, Jing; Blatchley, Ernest R.

Year 2007

Report Name COMBINED APPLICATION OF UV RADIATION AND CHLORINE: IMPLICATIONS WITH RESPECT TO DBP FORMATION AND DESTRUCTION IN RECREATIONAL WATE

Publication  Proceedings of the Water Environment Federation

Issue-page numbers Disinfection 2007 , pp. 128-133(6)

URL http://www.ingentaconnect.com/content/wef/wefproc/2007/00002007/00000001/art00015

Abstract The photolysis of four model volatile disinfection byproducts (DBPs) (NCl3, CNCHCl2, CNCl and CH3NCl2) and free chlorine was investigated with several different collimated 
UV sources, including: low-pressure Hg; a KrCl excimer lamp; and a XeBr excimer lamp. Photochemically-induced changes to residual chlorine and DBPs were monitored by 
membrane introduction mass spectrometry. The results indicate that NCl3 and CH3NCl2 can be successfully degraded by UV irradiation, and the dynamics depend on the 
wavelength of UV irradiation. Free chlorine changes relatively slowly as a result of UV exposure. The results of these experiments suggest that germicidal UV radiation has the 
potential to reduce the concentrations of some volatile DBPs in swimming pools.
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Authors Jovanovic S, Wallner T, Gabrio T

Year 1995

Report Name [Final report on the research project “Presence of haloforms in pool

Publication Stuttgart, Landesgesundheitsamt Baden-Württemberg (in German).

Issue-page numbers

URL

Abstract
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Authors Judd SJ, Bullock G.

Year 2003

Report Name The fate of chlorine and organic materials in swimming pools

Publication Chemosphere.

Issue-page numbers 2003 Jun;51(9):869-79.

URL http://www.sciencedirect.com/science/article/pii/S0045653503001565

Abstract The fate of organic nitrogen and carbon introduced into a swimming pool by pool users has been studied using a 2.2 m3 model pool. The study made use of a body fluid 
analogue (BFA), containing the primary endogenous organic amino compounds, and a soiling analogue represented by humic acid (HA). The system was used to examine the 
effect of organic loading and organic carbon (OC) sources (i.e. amino or HA) on the levels and speciation of the key chlorinated disinfection by-products of trihalomethanes 
(THMs) and chloramines under operating conditions representative of those employed on a full-scale pool.

Results revealed OC, chloramines and THMs to all attain steady-state levels after 200–500 h of operation, reflecting mineralisation of the dosed OC. Steady-state levels of OC 
were roughly linearly dependent on dose rate over the range of operational conditions investigated and, as with the chloramine levels recorded, were in reasonable agreement 
with those reported for full-scale pools. THM levels recorded were somewhat lower than those found in real pools, and were dependent on both on pH carbon source: the THM 
formation propensity for the soling analogue was around eight times than of the BFA. Of the assayed by-products, only nitrate was found to accumulate, accounting for 4–28% 
of the dosed amino nitrogen. Contrary to previous postulations based on the application of Henry’s Law, only insignificant amounts of the volatile by-products were found to be 
lost to the atmosphere.

Keywords Swimming pools; Chlorination; Disinfection by-products; Trihalomethanes; Chloramines; Nitrate; Humic acid;
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Authors Kaas P, Rudiengaard P.

Year 1988

Report Name [Toxicologic and epidemiologic aspects of organochlorine compounds in bathing water]

Publication Z Gesamte Hyg.

Issue-page numbers 1988 Apr;34(4):227-31.

URL http://www.ncbi.nlm.nih.gov/pubmed/3414127

Abstract

Keywords

Kaas P, Rudiengaard P.

Authors Kelsall HL, Sim MR.

Year 2001

Report Name Skin irritation in users of brominated pools

Publication Int J Environ Health Res

Issue-page numbers 2001 Mar;11(1):29-40.

URL http://www.ncbi.nlm.nih.gov/pubmed/11260785

Abstract This study investigated adverse skin and eye effects in swimmers using pools with three different disinfection systems (chlorine, chlorine/ozone and bromine/ozone) and 
monitored water quality parameters that may be related to adverse health effects. A cross-sectional study of 770 children swimming in three school pools was carried out over 
a 4 week period in November 1994 using a postal questionnaire. Physico-chemical and bacteriological parameters of water quality were monitored on a weekly basis. 
Responses were obtained for 385 swimmers. Skin rashes with an onset less than 24 h after swimming in the school pool were reported by 4-8% of swimmers. Compared with 
the bromine/ozone pool, the odds ratio (OR) of having a rash that started less than 24 h after pool use was 1.91 (CI 0.71-5.10) for the chlorine pool and 1.88 (CI 0.61-5.81) for 
the chlorine/ozone pool. Adjustment for possible confounders made no significant differences to these results. Eye redness, itch or irritation was reported by 23-33% of 
swimmers and 24% of non-swimmers, and wearing swimming goggles had a protective effect (OR 0.40; CI 0.24, 0.65). Disinfectant levels were more consistently maintained 
in the pools with automatically controlled systems. The bromine disinfection system was not associated with a greater risk of the development of skin rashes than other 
disinfection systems, but the numbers were small, and need to be interpreted with caution.
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Authors Kim H, Weisel CP

Year 1998

Report Name Dermal absorption of dichloro- and trichloroacetic acids from chlorinated water

Publication Journal of Exposure Analysis and Environmental Epidemiology

Issue-page numbers 8(4): 555–575.

URL

Abstract

Keywords

Kim H, Weisel CP

Authors Bradley S. King, Elena H. Page, Charles A. Mueller, Donald D. Dollberg, Katherine E. Gomez, Angela M. Warren

Year 2006

Report Name Eye and respiratory symptoms in poultry processing workers exposed to chlorine by-products

Publication American Journal of Industrial Medicine

Issue-page numbers Volume 49, Issue 2, pages 119–126, February 2006

URL http://onlinelibrary.wiley.com/doi/10.1002/ajim.20259/abstract

Abstract Background

CDC/NIOSH responded to a request to investigate complaints of eye and respiratory irritation among workers in a poultry processing facility's evisceration department.
Methods

Investigators administered symptom questionnaires and sampled for chlorine and chloramines. Spirometry was performed on workers before and after their work shift.
Results

Symptoms were significantly more prevalent in evisceration workers than in dark meat workers (a control group). Air concentrations of chloramine compounds (i.e., 
trichloramine and ‘soluble chlorine’) were significantly higher in the evisceration area than the dark meat area. Exposure levels were significantly higher for employees 
reporting various symptoms compared to employees not reporting those symptoms. Mean trichloramine exposure concentrations were significantly higher in workers with 
significant cross-shift declines in lung function; air concentrations of ‘soluble chlorine’ were higher as well, however, not significantly so.
Conclusions

Results of this evaluation suggest a health hazard may exist from exposure to chloramines.

Keywords poultry processing; chlorine; chloramines; trichloramines; eye irritation; respiratory irritation
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Authors Pascale Kippelen, Kenneth D Fitch, Sandra Doreen Anderson, Valerie Bougault, Louis-Philippe Boulet, Kenneth William Rundell, Malcolm Sue-Chu, Donald C McKenzie

Year 2012

Report Name Respiratory health of elite athletes – preventing

Publication Br J Sports Med

Issue-page numbers 2012;46:471–476. doi:10.1136/bjsports-2012-091056

URL http://bjsm.bmj.com/cgi/reprint/46/7/471

Abstract Elite athletes, particularly those engaged in endurance sports and those exposed chronically to airborne pollutants/irritants or allergens, are at increased risk for upper and 
lower airway dysfunction. Airway epithelial injury may be caused by dehydration and physical stress applied to the airways during severe exercise hyperpnoea and/or by 
inhalation of noxious agents. This is thought to initiate an inflammatory cascade/repair process that, ultimately, could lead to airway hyperresponsiveness (AHR) and asthma in 
susceptible athletes. The authors review the evidence relating to prevention or reduction of the risk of AHR/asthma development. Appropriate measures should be 
implemented when athletes exercise strenuously in an attempt to attenuate the dehydration stress and reduce the exposure to noxious airborne agents. Environmental 
interventions are the most important. Non-pharmacological strategies can assist, but currently, pharmacological measures have not been demonstrated to be effective. 
Whether early prevention of airway injury in elite athletes can prevent or reduce progression to AHR/asthma remains to be established.
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Authors Manolis Kogevinas, Cristina M. Villanueva, Laia Font-Ribera, Danae Liviac, Mariona Bustamante, Felicidad Espinoza, Mark J. Nieuwenhuijsen, et al.

Year 2010

Report Name Genotoxic Effects in Swimmers Exposed to Disinfection By-products in Indoor Swimming Pools

Publication Environ Health Perspect

Issue-page numbers 2010 November; 118(11): 1531–1537.

URL http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2974689/

Abstract Background

Exposure to disinfection by-products (DBPs) in drinking water has been associated with cancer risk. A recent study (Villanueva et al. 2007; Am J Epidemiol 165:148–156) 
found an increased bladder cancer risk among subjects attending swimming pools relative to those not attending.

Objectives

We evaluated adults who swam in chlorinated pools to determine whether exposure to DBPs in pool water is associated with biomarkers of genotoxicity.

Methods

We collected blood, urine, and exhaled air samples from 49 nonsmoking adult volunteers before and after they swam for 40 min in an indoor chlorinated pool. We estimated 
associations between the concentrations of four trihalomethanes (THMs) in exhaled breath and changes in micronuclei (MN) and DNA damage (comet assay) in peripheral 
blood lymphocytes before and 1 hr after swimming; urine mutagenicity (Ames assay) before and 2 hr after swimming; and MN in exfoliated urothelial cells before and 2 weeks 
after swimming. We also estimated associations and interactions with polymorphisms in genes related to DNA repair or to DBP metabolism.

Results

After swimming, the total concentration of the four THMs in exhaled breath was seven times higher than before swimming. The change in the frequency of micronucleated 
lymphocytes after swimming increased in association with higher exhaled concentrations of the brominated THMs (p = 0.03 for bromodichloromethane, p = 0.05 for 
chlorodibromomethane, p = 0.01 for bromoform) but not chloroform. Swimming was not associated with DNA damage detectable by the comet assay. Urine mutagenicity 
increased significantly after swimming, in association with the higher concentration of exhaled bromoform (p = 0.004). We found no significant associations with changes in 
micronucleated urothelial cells.

Conclusions

Our findings support potential genotoxic effects of exposure to DBPs from swimming pools. The positive health effects gained by swimming could be increased by reducing 
the potential health risks of pool water.

Keywords cancer, chlorination, disinfection by-products, genetics, genotoxicity, mutagenicity, swimming pools, water
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Authors Y. Kohlhammer, A. Döring, T. Schäfer, H.-E. Wichmann, J. Heinrich, the KORA Study Group

Year 2006

Report Name Swimming pool attendance and hay fever rates later in life

Publication Allergy

Issue-page numbers Volume 61, Issue 11, pages 1305–1309, November 2006

URL http://onlinelibrary.wiley.com/doi/10.1111/j.1398-9995.2006.01229.x/full

Abstract Background:  Exposure to chlorination by-products through swimming pool attendance showed adverse health effects on children. The aim of our study was to assess 
whether pool attendance in childhood would be related to higher rates of allergic diseases in adulthood, with special regard to hay fever.

Methods:  2606 adults aged 35–74 years provided retrospectively collected information on swimming pool attendance and medical history, including data on atopic diseases. 
Information was assessed by a combination of a personal interview and a self-administered questionnaire. Logistic regression models were applied to study associations 
between hay fever and swimming pool attendance, adjusted for potentially relevant confounders, such as age, gender, region, education and smoking.

Results:  Higher rates of hay fever could be seen when frequently exposed at school age (aOR: 1.74, 95% CI: 1.09–2.77), frequently exposed during the past 12 months 
(aOR: 1.32, 95% CI: 0.92–1.89) and ever exposed (aOR: 1.65, 95% CI: 0.98–2.78). Strongest associations were found for the youngest subjects and were dose-related to the 
extent of current and school-age pool attendance.

Conclusions:  Impaired integrity of the lung epithelial by exposure to chlorination by-products might facilitate a closer contact to allergens and therefore could result in higher 
rates of hay fever.

Atopic diseases, subsuming asthma, atopic dermatitis and allergic rhinitis showed a rapid rise in frequency and severity over the last decades. Recent hypotheses for the 
increasing trends include environmental changes (chemical, microbiological), as well as changes in dietary habits and lifestyle. The most sensitive populations for 
environmental factors are babies and young children as at that age the organism is more vulnerable to toxins as the immunological and organic development (especially of the 
lungs) is not yet completed (1, 2). Studies conducted in schoolchildren by Bernard et al. revealed a positive relation of chlorinated swimming pool attendance to lung 
hyperpermeability, positive exercise-induced bronchoconstriction (EIB) and higher asthma prevalences (3). The aim of our study was to assess potential effects of current and 
earlier pool attendance as proxy of contact to chlorination by-products. We adopted the hypothesis of Bernard et al. that a repeated or chronic disruption of the lung epithelial 
barrier could facilitate the penetration of allergens in the lung (3) and could therefore result in higher rates of allergic sensitization and atopic diseases. Our special interest lay 
on evaluating associations with the prevalence of hay fever.

Keywords adult study; atopic diseases; chlorination by-products; hay fever; swimming pool attendance
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Authors Birgitta Json Lagerkvist, Alfred Bernard, Anders Blomberg, Erik Bergstrom, Bertil Forsberg, Karin Holmstrom, Kjell Karp, Nils-Goran Lundstrom, Bo Segerstedt, Mona Svensso

Year 2004

Report Name Pulmonary Epithelial Integrity in Children: Relationship to Ambient Ozone Exposure and Swimming Pool Attendance

Publication Environ Health Perspect

Issue-page numbers  2004 December; 112(17): 1768–1771.

URL http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1253671/

Abstract Airway irritants such as ozone are known to impair lung function and induce airway inflammation. Clara cell protein (CC16) is a small anti-inflammatory protein secreted by the 
nonciliated bronchiolar Clara cells. CC16 in serum has been proposed as a noninvasive and sensitive marker of lung epithelial injury. In this study, we used lung function and 
serum CC16 concentration to examine the pulmonary responses to ambient O3 exposure and swimming pool attendance. The measurements were made on 57 children 
10–11 years of age before and after outdoor exercise for 2 hr. Individual O3 exposure was estimated as the total exposure dose between 0700 hr until the second blood 
sample was obtained (mean O3 concentration/m3 × hours). The maximal 1-hr value was 118 µg/m3 (59 ppb), and the individual exposure dose ranged between 352 and 914 
µg/m3hr. These O3 levels did not cause any significant changes in mean serum CC16 concentrations before or after outdoor exercise, nor was any decrease in lung function 
detected. However, children who regularly visited chlorinated indoor swimming pools had significantly lower CC16 levels in serum than did nonswimming children both before 
and after exercise (respectively, 57 ± 2.4 and 53 ± 1.7 µg/L vs. 8.2 ± 2.8 and 8.0 ± 2.6 µg/L; p < 0.002). These results indicate that repeated exposure to chlorination by-
products in the air of indoor swimming pools has adverse effects on the Clara cell function in children. A possible relation between such damage to Clara cells and pulmonary 
morbidity (e.g., asthma) should be further investigated.

Keywords airway irritants, children, Clara cell protein (CC16), nitrogen trichloride, ozone, swimming pool
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Authors Lahl U, Bätjer K, Duszeln JV, Gabel B, Stachel B, Thiemann W

Year 1981

Report Name Distribution and balance of volatile halogenated hydrocarbons in the water and air of covered swimming pools using chlorine for water disinfection.

Publication Water Research

Issue-page numbers 15: 803–814

URL

Abstract

Keywords
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Authors Lahl U, Stachel B, Schröer W, Zeschmar B

Year 1984

Report Name Determination of organohalogenic acids in water samples

Publication Zeitschrift für Wasser- und Abwasser-Forschung

Issue-page numbers 17: 45–49 (in German)

URL

Abstract

Keywords

Lahl U, Stachel B, Schröer W, Zeschmar B

Authors Doug Latta

Year 1995

Report Name Interference in a melamine-based determination of cyanuric acid concentration

Publication Journal of the Swimming Pool and Spa Industry

Issue-page numbers Volume 1, Number 2, pages 37–39

URL http://jspsi.poolhelp.com/ARTICLES/JSPSI_V1N2_pp37-39.pdf

Abstract Testing for cyanuric acid levels in swimming
pools and spas is typically accomplished using a
melamine–based turbidity test. Evidence based on experience
and experiments shows that there can be a
masking, or interference in the melamine–based test,
which can cause errors of up to 70%.
A method of correcting the error while testing has
been determined, and is described.
Possible directions to pursue in defining the exact
nature of the interference are also discussed.
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Authors B Lévesque, P Ayotte, A LeBlanc, E Dewailly, D Prud'Homme, R Lavoie, S Allaire, and P Levallois

Year 1994

Report Name Evaluation of dermal and respiratory chloroform exposure in humans

Publication Environ Health Perspect.

Issue-page numbers 1994 December; 102(12): 1082–1087.

URL http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1567469/

Abstract Chloroform is a known contaminant of chlorinated drinking water and of swimming pool water disinfected with chlorine or one of its derivatives. Few data exist regarding the 
importance of dermal and inhalation exposure routes to the chloroform body burden resulting from domestic and recreational use of chlorinated water. In our experimental 
study involving 11 male swimmers, we quantified the body burden resulting from exposure to various concentrations of chloroform in water and air of an indoor swimming pool, 
during a daily 55-min exercise period. From the first to the sixth exercise period, CHCl3 mean concentration in water was increased from 159 micrograms/l to 553 
micrograms/l. Corresponding mean air CHCl3 level ranged from 597 ppb to 1630 ppb. To dissociate the dermal exposure route from that of inhalation, swimmers used scuba 
tanks during an additional exercise period. Chloroform concentrations were measured in alveolar air before and after each exercise period, as well as after 35 min of physical 
activity. Chloroform levels in water and air were measured every 10 min. We examined the relationship between alveolar air concentration (a measure of body burden) at 35 
and 55 min and environmental chloroform concentrations by using multiple regression models. The natural logarithm of alveolar air concentration was strongly correlated with 
aqueous chloroform concentration both at 35 (p2 < 0.001, r2 = 0.75) and 55 min (p < 0.001, r2 = 0.86). The relationship with air concentrations was also statistically significant 
(35 min: p < 0.001, r2 = 0.58, 55 min: p < 0.001, r2 = 0.63).(ABSTRACT TRUNCATED AT 250 WORDS)

Keywords
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Authors Benoit Lévesque, Jean-François Duchesne, Suzanne Gingras, Robert Lavoie, Denis Prud’Homme, Emmanuelle Bernard, Louis-Philippe Boulet, Pierre Ernst

Year 2006

Report Name The determinants of prevalence of health complaints among young competitive swimmers

Publication International Archives of Occupational and Environmental Health

Issue-page numbers October 2006, Volume 80, Issue 1, pp 32-39

URL http://link.springer.com/article/10.1007%2Fs00420-006-0100-0?LI=true

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 concentrations 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 competitive 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 exposed 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.
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Authors Jing Li and Ernest R. Blatchley

Year 2007

Report Name Volatile Disinfection Byproduct Formation Resulting from Chlorination of Organic−Nitrogen Precursors in Swimming Pools

Publication Environ. Sci. Technol

Issue-page numbers 2007, 41 (19), pp 6732–6739

URL http://pubs.acs.org/doi/abs/10.1021/es070871%2B

Abstract Clinical studies have documented the promotion of respiratory ailments (e.g., asthma) among swimmers, especially in indoor swimming pools. Most studies of this behavior 
have identified trichloramine (NCl3) as the causative agent for these respiratory ailments; however, the analytical methods employed in these studies were not suited for 
identification or quantification of other volatile disinfection byproducts (DPBs) that could also contribute to this process. To address this issue, volatile DBP formation resulting 
from the chlorination of four model compounds (creatinine, urea, l-histidine, and l-arginine) was investigated over a range of chlorine/precursor (Cl/P) molar ratios. 
Trichloramine was observed to result from chlorination of all four model organic−nitrogen compounds. In addition to trichloramine, dichloromethylamine (CH3NCl2) was 
detected in the chlorination of creatinine, while cyanogen chloride (CNCl) and dichoroacetonitrile (CNCHCl2) were identified in the chlorination of l-histidine. Roughly 0.1 mg/L 
(as Cl2) NCl3, 0.01 mg/L CNCHCl2, and 0.01 mg/L CH3NCl2 were also observed in actual swimming pool water samples. DPD/FAS titration and MIMS (membrane 
introduction mass spectrometry) were both employed to measure residual chlorine and DBPs. The combined application of these methods allowed for identification of sources 
of interference in the conventional method (DPD/FAS), as well as structural information about the volatile DBPs that formed. The analysis by MIMS clearly indicates that 
volatile DBP formation in swimming pools is not limited to inorganic chloramines and haloforms. Additional experimentation allowed for the identification of possible reaction 
pathways to describe the formation of these DBPs from the precursor compounds used in this study.

Keywords
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Authors Mannschott P, Erdinger L, Sonntag H-P

Year 1995

Report Name Determination of halogenated organic compounds in swimming pool water

Publication Zentralblatt für Hygiene und Umweltmedizin

Issue-page numbers 197: 516–533 (in German)

URL

Abstract
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Authors N Massin, A B Bohadana, P Wild, M Héry, J P Toamain, G Hubert

Year 1998

Report Name Respiratory symptoms and bronchial responsiveness in lifeguards exposed to nitrogen trichloride in indoor swimming pools

Publication Occup Environ Med

Issue-page numbers 1998;55:258-263 doi:10.1136/oem.55.4.258

URL http://oem.bmj.com/content/55/4/258.abstract

Abstract OBJECTIVES: To measure the levels of exposure to nitrogen trichloride (NCl3) in the atmosphere of indoor swimming pools and to examine how they relate to irritant and 
chronic respiratory symptoms, indices of pulmonary function, and bronchial hyperresponsiveness to methacholine in lifeguards working in the pools. METHOD: 334 lifeguards 
(256 men; 78 women) recruited from 46 public swimming pools (n = 228) and 17 leisure centre swimming pools (n = 106) were examined. Concentrations of NCl3 were 
measured with area samplers. Symptoms were assessed by questionnaire and methacholine bronchial challenge (MBC) test by an abbreviated method. Subjects were 
labelled MBC+ if forced expiratory volume in one second (FEV1) fell by > or = 20%. The linear dose-response slope was calculated as the percentage fall in FEV1 at the last 
dose divided by the total dose given. RESULTS: 1262 samples were taken in the 63 pools. Mean NCl3 concentrations were greater in leisure than in public pools. A significant 
concentration-response relation was found between irritant eye, nasal, and throat symptoms-but not chronic respiratory symptoms-and exposure concentrations. Among 
women, the prevalence of MBC+ was twice as great as in men. Overall, no relation was found between bronchial hyperresponsiveness and exposure. CONCLUSIONS: The 
data show that lifeguards exposed to NCl3 in indoor swimming pools are at risk of developing irritant eye, nasal, and throat symptoms. Exposure to NCl3 does not seem to 
carry the risk of developing permanent bronchial hyperresponsiveness, but this association might have been influenced by self selection. The possibility that subjects exposed 
to NCl3 are at risk of developing transient bronchial hyperresponsiveness cannot be confidently ruled out.
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Authors Massin N, Hecht G, Ambroise D, Héry M, Toamain JP, Hubert G, Dorotte M, Bianchi B.

Year 2007

Report Name Respiratory symptoms and bronchial responsiveness among cleaning and disinfecting workers in the food industry.

Publication Occup Environ Med

Issue-page numbers 2007 Feb;64(2):75-81. Epub 2006 Sep 14.

URL http://www.ncbi.nlm.nih.gov/pubmed/16973735

Abstract OBJECTIVES:

To measure the levels of exposure to nitrogen trichloride (NCl3) and aldehydes among cleaning and disinfecting workers in the atmosphere of food industry plants during 
cleaning and disinfecting operations, and to examine how they relate to irritant and chronic respiratory symptoms-which are indices of pulmonary function-and bronchial 
hyperresponsiveness (BHR) to methacholine.
METHODS:

175 exposed workers (M = 149; F = 26) recruited from 17 enterprises of the food industry (8 cattle, pig, and ovine slaughterhouses, 8 fowl slaughterhouses, and 1 catering 
firm) and 70 non-exposed workers (M = 52; F = 18) were examined. Concentration levels of NCl3 and aldhehydes were measured by personal sampling. Symptoms were 
assessed by means of a questionnaire and the methacholine bronchial challenge (MBC) test using an abbreviated method. Subjects were labelled MBC+ if forced expiratory 
volume in one second (FEV1) fell by 20% or more. The linear dose-response slope (DRS) was calculated as the percentage fall in FEV1 at last dose divided by the total dose 
administered.
RESULTS:

277 air samples were taken in the 17 food industry plants. For a given plant and in a given workshop, the actual concentrations of chloramines, aldehydes, and quaternary 
ammonium compounds were measured with personal samplers during the different steps of the procedures. For each cleaner, a total exposure index Sigma was calculated. A 
statistically significant concentration-response relationship was found between eye, nasal, and throat symptoms of irritation--but not chronic respiratory symptoms--and 
exposure levels or exposure duration. No relation was found between BHR and exposure.
CONCLUSIONS:

These data show that cleaning and disinfecting workers in the food industry are at risk of developing eye, nasal, and throat irritation symptoms. Although NCl3 exposure does 
not seem to carry a risk of developing permanent BHR, the possibility of transient BHR cannot be ruled out entirely.
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Authors MDHSS

Year 2003

Report Name Swimming pool and spa water chemistry

Publication Missouri Department of Health and Senior

Issue-page numbers

URL http://www.trianglealumni.org/trichloramine/Swim-pool-chemistry.pdf

Abstract On a hot summer day, who wouldn't want to jump into a cool and refreshing pool? And
then, as the sun sets, what better way to relax than to slip into your own backyard spa --
summer or winter?
But enjoying all that requires some regular attention. Remember, the water in your pool
and spa is an ever-changing environment that calls for constant and careful monitoring.
For some, this means hiring a professional service technician to come by once or twice
a week. You can, however, take care of your pool and spa yourself.
The need to treat water has been widely accepted for a long time. Sanitation, especially,
is recognized as a means of controlling communicable diseases. The pool operator is
expected to provide safe, clean water for bathers.
More recently, however, the importance of mineral saturation, or 'water balance" as it is
more popularly known, is recognized by those responsible for maintaining the pool and
equipment. Water can become aggressive and destroy pools with corrosion, or it can
become scaling and damage the pool with mineral deposits.
The pool operator must learn about the use of chemical agents for sanitation and for
control of pH, total alkalinity and calcium hardness. The operator is expected to protect
both the swimmers and the pool itself. This chapter is written to present the necessary
chemical treatments and sufficient background information to know when and how to
use them.
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Authors Louise Mehler, John Beckman, Roshan Badakhsh, Brienne Diebolt-Brown, Abby Schwartz, et al.

Year 0

Report Name Acute illness and injury from swimming pool disinfectants and other chemicals --- United States, 2002--2008

Publication MMWR

Issue-page numbers October 7, 2011 / 60(39);1343-1347

URL http://www.cdc.gov/mmwr/preview/mmwrhtml/mm6039a2.htm

Abstract Swimming pools require disinfectants and other chemicals to maintain water quality and prevent swimmers from acquiring infections (1). When these chemicals are stored or 
used improperly or when they are handled or applied by persons not using appropriate personal protective equipment (PPE), illness or injury can result (2). To assess the 
frequency of illness and injury related to pool chemicals, CDC analyzed data for the period 2002--2008 from six states participating in the Sentinel Event Notification System 
for Occupational Risk (SENSOR)--Pesticides surveillance program and from the National Electronic Injury Surveillance System (NEISS). This report describes the results of 
that analysis, which identified 584 cases of illness or injury associated with pool chemicals in the six SENSOR-Pesticides states and indicated an estimated national total of 
28,071 cases (based on 688 NEISS cases) during that period. For the 77% of state cases and 49% of NEISS cases that had sufficient information to determine factors 
contributing to illness or injury, the most common contributing factors included mixing incompatible products, spills and splashes of chemicals, lack of appropriate PPE use, 
and dust clouds or fumes generated by opening a chemical container. Adhering to existing CDC recommendations can prevent some of the reported illnesses and injuries, but 
additional measures (e.g., improving package design to limit the release of dust clouds and fumes when a container is opened, making containers child-proof, and making 
product labels easier to understand) might reduce them further.
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Authors B. Nemery, P.H.M. Hoet, D. Nowak

Year 2002

Report Name Indoor swimming pools, water chlorination and respiratory health - Editorial

Publication Eur Respir J

Issue-page numbers 2002; 19: 790–793

URL http://www.pwtag.org/researchdocs/Used%20Ref%20docs/94%20Indoor%20swimming%20pool%20water%20chlorination%20and%20respiratory%20health.pdf

Abstract Swimming is generally considered to be a healthy leisure activity for both the young and old. Swimming
is even often advised as the most appropriate sport for asthmatic children [1–3], mainly (but probably not
solely) on the grounds that inhaling moist air is less conducive to triggering exercise-induced asthma [4].
However, for obvious reasons ofmicrobiological safety, the water of public and private swimming pools
must be disinfected [5]. The most common procedure for water disinfection consists of chlorination.
As with all human and technological intervention, the use of chlorine-based products to disinfect swimming
water may lead to a number of unwanted effects, in particular the presence of chlorine-containing
compounds in the air. Consequently, chlorination may affect the respiratory health of either those who
work as swimming attendants or instructors, or those who use the pools as customers, particularly children
and the general public, but also competitive swimmers.
Although the issue of the chlorination of public water supplies has received considerable attention,
mainly with regard to the presence of potentially carcinogenic or teratogenic chlorinated by-products
[6, 7], the respiratory hazards of chlorinated swimming water have been less well addressed. Thus, old
[8, 9] and even more recent [10] reports on indoor pollution do not deal with the air of chlorinated
swimming pools, despite the generally obvious and readily noticeable irritant character of this type of
environment, even in well-maintained pools [11].
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Authors T.-H. Nguyen, J. Garcia, T.-D. Nguyen, A.-M. Laurent, C. Beaubestre, T.-H. Tran-Thi

Year 2012

Report Name Innovative Colorimetric Sensors for the Detection of Nitrogen Trichloride at ppb Level

Publication 14th International Meeting on Chemical Sensors - IMCS 2012

Issue-page numbers 2012-05-20 - 2012-05-23

URL http://www.ama-science.org/home/details/1281

Abstract The control of air quality is a great importance, in particular for the protection of individuals and
workers who can be exposed to harmful gas. We here describe innovative chemical and colorimetric
sensors for the detection of nitrogen trichloride, a pollutant generated in indoor swimming pools.
These sensors are based on the use of nanoporous matrices doped with probe-molecules, which act
as sponges to trap the targeted pollutant and turn from transparent to blue-violet. These chemical
sensors can be used for the detection of low levels of nitrogen trichloride, NCl3, concentrations in the
ppb range.

Keywords Chloramine, colorimetric sensors, nitrogen trichloride, nanoporous matrices.
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Authors

Year 2007

Report Name Ecological association between childhood asthma and availability of indoor chlorinated swimming pools in Europe

Publication  Occup Environ Med

Issue-page numbers 2007;64:37-46 doi:10.1136/oem.2005.025452

URL http://oem.bmj.com/content/64/1/37.short

Abstract Background: It has been hypothesised that the rise in childhood asthma in the developed world could result at least in part from the increasing exposure of children to toxic 
chlorination products in the air of indoor swimming pools.

Objectives: Ecological study to evaluate whether this hypothesis can explain the geographical variation in the prevalence of asthma and other atopic diseases in Europe.

Methods: The relationships between the prevalences of wheezing by written or video questionnaire, of ever asthma, hay fever, rhinitis, and atopic eczema as reported by the 
International Study of Asthma and Allergies in Childhood (ISAAC), and the number of indoor chlorinated swimming pools per inhabitant in the studied centres were examined. 
Associations with geoclimatic variables, the gross domestic product (GDP) per capita, and several other lifestyle indicators were also evaluated.

Results: Among children aged 13–14 years, the prevalence of wheezing by written questionnaire, of wheezing by video questionnaire, and of ever asthma across Europe 
increased respectively by 3.39% (95% CI 1.96 to 4.81), 0.96% (95% CI 0.28 to 1.64), and 2.73% (95% CI 1.94 to 3.52), with an increase of one indoor chlorinated pool per 
100 000 inhabitants. Similar increases were found when analysing separately centres in Western or Northern Europe and for ever asthma in Southern Europe. In children 
aged 6–7 years (33 centres), the prevalence of ever asthma also increased with swimming pool availability (1.47%; 95% CI 0.21 to 2.74). These consistent associations were 
not found with other atopic diseases and were independent of the influence of altitude, climate, and GDP per capita.

Conclusions: The prevalence of childhood asthma and availability of indoor swimming pools in Europe are linked through associations that are consistent with the hypothesis 
implicating pool chlorine in the rise of childhood asthma in industrialised countries.
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Authors G. Nordberg, N-G. Lundstrom, B. Forsberg, A. Hagenbjork-Gustafsson, B. J-son Lagerkvist,

Year 2012

Report Name Lung function in volunteers before and after exposure to trichloramine in indoor pool environments and asthma in a cohort of pool workers

Publication BMJ Open

Issue-page numbers bmjopen-2012-000973

URL http://bmjopen.bmj.com/content/2/5/e000973.draft-revisions.pdf

Abstract # Exposure to trichloramine (NCl3) in swimming-pool air is known to cause mucous
membrane and pulmonary effects, but statistically significant changes in lung function among
adults have not been reported.
# Epidemiological studies of asthma among pool workers are not available.
2) Key messages:
# In this study we found for the first time, statistically significant decreases in lung function
in volunteers after exposure to pool air with commonly occurring levels of NCl3.
# We found a tendency towards a higher odds ratio (OR) for asthma in a nested case
reference study within a cohort of 1102 pool workers.
# Our findings support the notion that current workroom exposures of NCl3 may contribute to
asthma development.
3) Strengths and limitations: This is the first study showing small but statistically significant
decreases in lung function after exposure to pool air. This is the first nested Case/Control
study in pool workers. It reports an OR for asthma of 2.31 (95% CI 0.79-6.74) among pool
workers with the highest exposure (after correction for heredity), but this finding did not reach
statistical significance.
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Authors Gunnar F Nordberg, Nils-Goran Lundstrom, Bertil Forsberg, Annika Hagenbjork-Gustafsson, Birgitta J-son Lagerkvist, Johan Nilsson, Mona Svensson, et al.

Year 2012

Report Name Lung function in volunteers before and after exposure to trichloramine in indoor pool environments and asthma in a cohort of pool workers

Publication BMJ Open, Respiratory medicine

Issue-page numbers 2012;2:e000973 doi:10.1136/bmjopen-2012-000973

URL http://bmjopen.bmj.com/content/2/5/e000973.short

Abstract Objectives Exposure to trichloramine (NCl3) in indoor swimming-pool environments is known to cause mucous membrane irritation, but if it gives rise to changes in lung 
function or asthma in adults is not known. (1) We determined lung function in volunteers before and after exposure to indoor pool environments. (2) We studied the occurrence 
of respiratory symptoms and asthma in a cohort of pool workers.

Design/methods/participants (1) We studied two groups of volunteers, 37 previously non-exposed healthy persons and 14 pool workers, who performed exercise for 2 h in an 
indoor pool environment. NCl3 in air was measured during pool exposures and in 10 other pool environments. Filtered air exposures were used as controls. Lung function and 
biomarkers of pulmonary epithelial integrity were measured before and after exposure. (2) We mailed a questionnaire to 1741 persons who indicated in the Swedish census 
1990 that they worked at indoor swimming-pools.

Results (1) In previously non-exposed volunteers, statistically significant decreases in FEV1 (forced expiratory volume) and FEV% (p=0.01 and 0.05, respectively) were found 
after exposure to pool air (0.23 mg/m3 of NCl3). In pool workers, a statistically significant decrease in FEV% (p=0.003) was seen (but no significant change of FEV1). In the 10 
other pool environments the median NCl3 concentration was 0.18 mg/m3. (2) Our nested case/control study in pool workers found an OR for asthma of 2.31 (95% CI 0.79 to 
6.74) among those with the highest exposure. Exposure-related acute mucous membrane and respiratory symptoms were also found.

Conclusions This is the first study in adults showing statistically significant decreases in lung function after exposure to NCl3. An increased OR for asthma among highly 
exposed pool workers did not reach statistical significance, but the combined evidence supports the notion that current workroom exposures may contribute to asthma 
development. Further research on sensitive groups is warranted.
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Authors Wenche Nystad, Siri E Håberg, Stephanie J London, Per Nafstad, Per Magnus

Year 2008

Report Name Baby swimming and respiratory health

Publication Acta Paediatrica

Issue-page numbers Volume 97, Issue 5, pages 657–662, May 2008

URL http://onlinelibrary.wiley.com/doi/10.1111/j.1651-2227.2008.00756.x/abstract?deniedAccessCustomisedMessage=&userIsAuthenticated=false

Abstract Aim: To estimate the effect of baby swimming in the first 6 months of life on respiratory diseases from 6 to 18 months.

Methods: We used data from The Norwegian Mother and Child Cohort Study (MoBa) conducted by the Norwegian Institute of Public Health in children born between 1999 and 
2005 followed from birth to the age of 18 months (n = 30 870). Health outcomes: lower respiratory tract infections (LRTI), wheeze and otitis media between 6 and 18 months of 
age. Exposure: baby swimming at the age of 6 months. The effect of baby swimming was estimated by logistic regression analysis adjusting for potential confounders.

Results: About 25% of the children participated in baby swimming. The prevalence of LRTI was 13.3%, wheeze 40.0% and otitis media 30.4%. Children who were baby 
swimming were not more likely to have LRTI, to wheeze or to have otitis media. However, children with atopic mothers who attended baby swimming had an increased risk of 
wheeze, adjusted odds ratios (aOR) 1.24 (95% CI 1.11, 1.39), but not LRTI or otitis media. This was also the case for children without respiratory diseases before 6 months 
aOR 1.08 (95%CI 1.02–1.15).

Conclusion: Baby swimming may be related to later wheeze. However, these findings warrant further investigation.

Keywords Baby swimming; Respiratory health
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Authors Jean Parrat, Gérard Donzé, Christophe Iseli, Daniel Perret, Catherine Tomicic and Olivier Schenk

Year 2012

Report Name Assessment of Occupational and Public Exposure to Trichloramine in Swiss Indoor Swimming Pools: A Proposal for an Occupational Exposure Limit

Publication The Annals of Occupational Hygiene

Issue-page numbers (2012) 56 (3): 264-277. doi: 10.1093/annhyg/mer125

URL http://annhyg.oxfordjournals.org/content/early/2012/01/23/annhyg.mer125.full.pdf

Abstract Objectives: The presence of trichloramine in the air in different indoor swimming pools has been studied in several countries. In almost all studies, the results show a possible 
health impact due to trichloramine among pool attendants. The main objectives of our study were to evaluate, for the first time in Switzerland, occupational and public 
trichloramine exposure in a representative panel of indoor pools and to propose an occupational exposure limit for trichloramine.

Methods: Measurements were done in 30 indoor swimming pools located in three regions of Switzerland: Jura, Neuchâtel, and Fribourg. All investigations were performed 
during the 2007–2008 winter season in order to assure closed windows and standard ventilation conditions. Trichloramine air samplings were performed at 130 cm above the 
floor around the pool. Analyses of free chlorine and bounded chlorine were performed on-site, and water samples were immediately sent to the laboratory for analysis of 
trihalomethanes, urea, and dissolved organic carbon. A health questionnaire was distributed to all the participants.

Results: Our results indicate that in all the studied facilities except one, the trichloramine concentrations were below the French reference value of 0.5 mg m−3, and only three 
were equal to or slightly over 0.3 mg m−3. Overall, our results point out a very low and consistent range of trichloramine concentrations (mean concentration of trichloramine: 
0.114 ± 0.043 mg m−3). A total of 184 questionnaires were filled out by pool workers. Of the study population, 66% were men (n = 117), 21% were smokers (9 women and 29 
men), and only 7% (n = 13) were ex-smokers. The control group was composed of 71 persons (38 men and 33 women); 22% (n = 15) were smokers and 24% (n = 16) ex-
smokers.

Conclusions: Our results demonstrate an increasing risk of irritative symptoms up to a level of 0.2–0.3 mg m−3 of trichloramine. The health data in our study, as well as the 
review of the literature, strongly suggest fixing the trichloramine occupational exposure limit at 0.3 mg m−3. Severe technical standards (on flocculation, filters, water flow, and 
ventilation systems) and regulations on water quality (free and combined chlorine, urea, and amount of fresh water) contribute to reducing trichloramine formation and, 
consequently, occupational and public trichloramine exposure. In addition, to ensure good public hygiene (showering before swimming), correct and regular public awareness 
campaigns should be undertaken.
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Authors P T Penny

Year 1983

Report Name Swimming pool wheezing

Publication Br Med J (Clin Res Ed)

Issue-page numbers 1983 August 13; 287(6390): 461–462.

URL http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1548706/

Abstract Swimming in indoor pools is promoted as an activity in which most
people with asthma can participate without experiencing exercise
induced wheeze.' Within the past few years, because of rapidly
increasing energy costs, operators of about 200 public swimming pools
have installed sophisticated heat reclamation systems that recirculate
pool air and therefore concentrate chlorinous smells.

Keywords

Penny PT

Authors Michael J. Plewa, Elizabeth D. Wagner, and William A. Mitch

Year 2011

Report Name Comparative Mammalian Cell Cytotoxicity of Water Concentrates from Disinfected Recreational Pools

Publication Environ. Sci. Technol

Issue-page numbers  2011, 45 (9), pp 4159–4165

URL http://pubs.acs.org/doi/abs/10.1021/es104284h

Abstract Disinfection of recreational pools is essential to prevent outbreaks of infectious disease. Despite the health benefits of swimming, recent research demonstrated an 
association between the application of disinfectants to recreational pools and adverse health outcomes. Pool waters are extreme cases of disinfection that differ in important 
respects from disinfected drinking waters. Pool waters are continuously exposed to disinfectants over average residence times extending to months. Disinfection byproduct 
(DBP) precursors in pools include natural humic substances deriving from the tap water source plus inputs from bathers through urine, sweat, hair, skin, and consumer 
products including sunscreens and cosmetics. This study presents a systematic, chronic in vitro mammalian cell cytotoxicity analysis of different recreational waters with varied 
environmental conditions that were derived from a common tap water source. Recreational waters were significantly more toxic than their tap water source. Because 
trihalomethane concentrations are similar between tap waters and pool waters, using trihalomethanes to monitor exposure in epidemiological studies may not be the best 
metric. Of primary importance for cytotoxicity were illumination conditions. Pools subjected to a combination of ultraviolet light and free chlorine disinfection indoors, or outdoor 
sunlight exposure exhibited lower cytotoxicity than their indoor counterparts disinfected with free chlorine. Temperature and total organic carbon content, as an indirect 
measure of DBP precursors, were less important. Previous research on the same samples demonstrated the genotoxicity of an indoor pool disinfected with 
bromochlorodimethylhydantoin; the cytotoxicity of this sample was confirmed in the present study. While the association of reduced toxicity with illumination indicates that the 
agents responsible are photolabile, their identity is unclear. As a broad measure of adverse biological responses, cytotoxicity may be a useful metric to gauge the health 
impacts of alterations in pool operating conditions.
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Authors Vibeke Dorf Poulsen

Year 2012

Report Name Mathematical Model for Accumulation of Disinfection By-Products in Swimming Pools

Publication Master Thesis

Issue-page numbers Section of Chemistry

URL http://projekter.aau.dk/projekter/files/63426815/Rapport_Final.pdf

Abstract In this thesis a mathematical model for accumulation of disinfection by-products
is established. The model concerns combined chlorine, which has nitrogenous
compounds as precursors. The model is based on knowledge gained by a literature
review. The validity of the model is tested using three sets of data. These tests show that
the model is not in totally agreement with reality. However, the tendency of
the curve for formation and removal of disinfection by-products is similar to those
found in reality. For this reason the model is used for simulation of the effect of
source water on the quality of pool water. Three simulations are made. First the
effect of ammonia from source water on the concentration of combined chlorine in
pool water is studied. This simulation shows that source water does not affect
the concentration of combined chlorine in pool water. The second simulation
is focusing on calcium and carbonate species in the source water and shows that
the source water alone is not enough to cause supersaturated pool water. Carbon
dioxide is formed in the pool during breakdown of urea. The results of the final
simulation show that this carbon dioxide does affect the saturation of pool water and
for hard water may cause supersaturation.
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Authors Puchert W

Year 1994

Report Name [Determination of volatile halogenated hydrocarbons in different environmental compartments

Publication Dissertation. Bremen, University

Issue-page numbers

URL

Abstract

Keywords

Puchert W

Wednesday, January 23, 2013 Page 74 of 99http://www.trianglealumni.org/trichloramine/Trichloramine-References.pdf



Authors Puchert W, Prösch J, Köppe F-G, Wagner H

Year 1989

Report Name [Occurrence of volatile halogenated hydrocarbons in bathing water]

Publication Acta Hydrochimica et Hydrobiologica

Issue-page numbers 17: 201–205 (in German).

URL

Abstract
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Authors Rakestraw LF

Year 1994

Report Name A comprehensive study on disinfection conditions in public swimming pools in Pinellas

Publication Study conducted by Pinellas County Public Health Unit and The Occidental Chemical

Issue-page numbers Presented on behalf of the Pool Study Team at the NSPI International Expo, New Orleans

URL http://www.anotherperfectpoolnews.com/wp-content/cya_research/Pinellas_NSPI_1994_PDF.pdf

Abstract This presentation summarizes the disinfection results obtained from a comprehensive study on public swimming pools in Pinellas County, Florida. The study was conducted 
during the July-November, 1992 time period and was similar to the one carried out on 1500 pools in Pinellas County between 1973 and 1981. Although the 1992 study 
involved only 486 test pools, it was considerably more comprehensive than the 1973-81 study.
The study was conducted by a team of personnel from the Pinellas County Public Health Unit and the Occidental Chemical Corporation. It was very complex and required 
personnel with the appropriate professional background and experience.
The study produced some results that the pool study team found to be interesting and have some educational value. For this reason, the pool study team wanted to share the 
disinfection part of the study with you.
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Authors Ratner J, Griffiths T

Year 1995

Report Name Exercise-Induced Asthma and Indoor Swimming Pools

Publication Parks and Recreation

Issue-page numbers 7: 46-51

URL http://www.questia.com/library/1P3-6673875/exercise-induced-asthma-and-indoor-swimming-pools

Abstract A recent front page headline in USA Today exposed the tip of the iceberg for aquatic facility managers, particularly those working at indoor localities. The article that caused 
the stir, "Asthma on Rise; Indoor Air a Culprit?," revealed statistics compiled by the Centers for Disease Control and Prevention (CDC) indicating that asthma has been rapidly 
on the rise in this country since 1982. Apparently, the effects of indoor air pollution, including secondhand smoke, are even more severe in the air-tight homes and offices built 
during the 1970s in response to the energy crisis.
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Authors Raykar PV, Fung MC, Anderson BD.

Year 1988

Report Name The role of protein and lipid domains in the uptake of solutes by human stratum corneum

Publication Pharm Res.

Issue-page numbers 1988 Mar;5(3):140-50.

URL http://link.springer.com/article/10.1023%2FA%3A1015956705293?LI=true

Abstract The uptake of a series of hydrocortisone esters varying in lipophilicity from water into untreated and delipidized human stratum corneum has been determined. The partition 
coefficients of solutes into fully hydrated stratum corneum are postulated to represent the separate contributions of three structurally distinct domains—the extractable lipids, 
protein, and the solvent domain. The solvent domain was assumed to have the properties of bulk water. The relative affinities of the protein and lipid domains of stratum 
corneum for solutes varying in structure were determined by comparing solute uptake in untreated and delipidized stratum corneum. Partitioning into the extracted lipids was 
also examined. Solute uptake into stratum corneum may be governed by the protein domain, the lipid domain, or a combination of the two, depending on solute lipophilicity. 
Due to differences in the selectivity of the two domains, a change in uptake mechanism occurs with increasing solute lipophilicity from protein-dominated uptake for hydrophilic 
solutes to lipid domain-dominated uptake for lipophilic solutes. The stratum corneum lipid content, which varies dramatically from individual to individual (3–46% in this study), 
is an important determinant of the affinity of the stratum corneum for highly lipophilic solutes but has no effect on the uptake of hydrophilic solutes.
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Authors Susan D. Richardson, David M. DeMarini, Manolis Kogevinas, Pilar Fernandez, Esther Marco, Carolina Lourencetti, et al.

Year 2010

Report Name What’s in the Pool? A Comprehensive Identification of Disinfection By-products and Assessment of Mutagenicity of Chlorinated and Brominated Swimming Pool Water

Publication Environ Health Perspect

Issue-page numbers 2010 November; 118(11): 1523–1530.

URL http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2974688/

Abstract Background

Swimming pool disinfectants and disinfection by-products (DBPs) have been linked to human health effects, including asthma and bladder cancer, but no studies have 
provided a comprehensive identification of DBPs in the water and related that to mutagenicity.

Objectives

We performed a comprehensive identification of DBPs and disinfectant species in waters from public swimming pools in Barcelona, Catalonia, Spain, that disinfect with either 
chlorine or bromine and we determined the mutagenicity of the waters to compare with the analytical results.

Methods

We used gas chromatography/mass spectrometry (GC/MS) to measure trihalomethanes in water, GC with electron capture detection for air, low- and high-resolution GC/MS 
to comprehensively identify DBPs, photometry to measure disinfectant species (free chlorine, monochloroamine, dichloramine, and trichloramine) in the waters, and an ion 
chromatography method to measure trichloramine in air. We assessed mutagenicity with the Salmonella mutagenicity assay.

Results

We identified > 100 DBPs, including many nitrogen-containing DBPs that were likely formed from nitrogen-containing precursors from human inputs, such as urine, sweat, and 
skin cells. Many DBPs were new and have not been reported previously in either swimming pool or drinking waters. Bromoform levels were greater in brominated than in 
chlorinated pool waters, but we also identified many brominated DBPs in the chlorinated waters. The pool waters were mutagenic at levels similar to that of drinking water (~ 
1,200 revertants/L-equivalents in strain TA100–S9 mix).

Conclusions

This study identified many new DBPs not identified previously in swimming pool or drinking water and found that swimming pool waters are as mutagenic as typical drinking 
waters.

Keywords bromination, bromine, chlorination, chlorine, DBPs, disinfection by-products, mutagenicity, swimming pools, Salmonella, water
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Authors K. Romberg, E. Tufvesson, L. Bjermer

Year 2012

Report Name Asthma is more prevalent in elite swimming adolescents despite better mental and physical health

Publication Scandinavian Journal of Medicine & Science in Sports

Issue-page numbers Volume 22, Issue 3, pages 362–371, June 2012

URL http://onlinelibrary.wiley.com/doi/10.1111/j.1600-0838.2010.01177.x/abstract?deniedAccessCustomisedMessage=&userIsAuthenticated=false

Abstract An increased risk of developing asthma has been reported among swimmers exposed to chloramine in pool arenas. The aim of the present study was to compare the 
prevalence of asthma and respiratory symptoms among elite aspiring swimmers compared with age-matched controls with different degrees of physical activity. We also 
aimed to relate these findings to mental and psychosocial factors. One hundred and one elite swimmers and 1628 age-matched controls answered a questionnaire containing 
questions about respiratory symptoms, lifestyle factors, mental and physical well-being. The controls were divided into three different groups according to the degree of 
physical activity, no physical activity, recreational training and elite training. Swimmers reported significantly more asthma symptoms, with 36.6% having physician-diagnosed 
asthma, compared with 16.2% among the controls. Use of regular medication was more common (14.9% vs 8.0%) and more swimmers reported an exacerbation of their 
asthma during the previous 12 months (16.8%) vs (5.8%) for the controls. Despite an increased prevalence of asthma symptoms, the swimmers reported best physical 
performance and best mental and physical well-being. They also had a healthier lifestyle without smoking and low alcohol consumption.

Keywords adolescence; exercise; swimming; questionnaire; asthma; respiratory symptoms; lifestyle; psychosomatic symptoms; well-being; self-esteem

Romberg K, Tufvesson E, Bjermer L

Wednesday, January 23, 2013 Page 78 of 99http://www.trianglealumni.org/trichloramine/Trichloramine-References.pdf



Authors Brent S. Rushall, Larry Weisenthal

Year 2003

Report Name "SWIMMER'S ASTHMA": THE SERIOUS HEALTH PROBLEM WITH CHLORINATED POOLS

Publication Select

Issue-page numbers December, 2003

URL http://coachsci.sdsu.edu/swim/chlorine/asthma.htm

Abstract The vast majority of swimming pools use chlorination as the sanitizing method to maintain a "healthy" level of water hygiene. The understanding and control of chlorine 
concentrations is far from an exact or trained science for those individuals often in charge of heavily used recreational and competitive swimming pools. The sanitization of 
home and small recreation pools is not a focus of this discussion.

Chlorination is a dangerous but institutionalized and accepted method of pool sanitation. Chlorine concentrations in water decline very quickly under a variety of swimming 
pool and environmental conditions. To combat the decline in effectiveness problem, pool managers often over-chlorinate a pool (>3 ppm) to offset chlorine reduction and 
occasionally use even more as a "precautionary measure" to kill "missed" bacteria. A heightened concentration of chlorine often leads to excessive absorption through the skin 
and inspiration leading to breathing problems in many swimmers. There is considerable variation in chlorine concentrations in fresh and salt water pools with the latter usually 
being much higher (Beech et al., 1980).

The general rule-of-thumb about an over-chlorinated pool is: If you can smell the chlorine in the pool environment, it is dangerously high. When chlorination alone is the form 
of sanitization health threats exist.

There is considerable individual variation among swimmer in sensitivity to chlorine concentrations. A large majority can tolerate slight levels of over-chlorination. As the 
amount of over-chlorination increases, more individuals become noticeably affected.

Some of the substances released from chlorinated water include bromodichloromethane, chloroform, dibromochloromethane, and bromoform (collectively called 
trihalomethanes - THMs). Chlorine reacts with bodily proteins to form chloramines; the most volatile and prevalent in the air above swimming pools is nitrogen trichloride 
(NCl3).
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Authors R J Rycroft and P T Penny

Year 1983

Report Name Dermatoses associated with brominated swimming pools

Publication Br Med J

Issue-page numbers 1983 August 13; 287(6390): 462.

URL http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1548722/

Abstract In recent years a small but increasing number of public swimming
pools in the United Kingdom have been disinfected with a solid
brominated compound rather than chlorine. This product has two
proprietary names, Di-halo and Aquabrome, and its active constituent
is 1-bromo-3-chloro-5,5-dimethyl-hydantoin. We present evidence
that dermatoses have become more commonly associated with brominated
pools than with chlorinated pools.
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Authors T Safranek, S Semerena, T Huffman, M Theis, J Magri, T Török, MJ Beach, B Buss

Year 2006

Report Name Ocular and Respiratory Illness Associated with an Indoor Swimming Pool --- Nebraska, 2006

Publication MMWR

Issue-page numbers September 14, 2007; 56(36):929-932

URL http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5636a1.htm

Abstract On December 26, 2006, the Nebraska Department of Health and Human Services (NDHHS) received a report of a child hospitalized in an intensive care unit for severe 
chemical epiglottitis and laryngotracheobronchitis after swimming in an indoor motel swimming pool. The pool was inspected the same day and immediately closed by NDHHS 
because of multiple state health code violations. NDHHS initiated an outbreak investigation to identify additional cases and the cause of the illness. This report describes the 
results of that investigation, which indicated that 24 persons became ill, and the outbreak likely was the result of exposure to toxic levels of chloramines* (1,2) that had 
accumulated in the air in the enclosed space above the swimming pool. This outbreak highlights the potential health risks from chemical exposure at improperly maintained 
pools and the need for properly trained pool operators to maintain water quality.
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Authors Sandel BB

Year 1990

Report Name Disinfection by-products in swimming pools and spas

Publication Olin Corporation Research Center

Issue-page numbers (Report CNHC-RR-90-154) (available from Arch Chemical, Charleston).

URL

Abstract

Keywords
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Authors Wayne T. Sanderson, Angela Weber & Alan Echt

Year 1995

Report Name Case reports: epidemic eye and upper respiratory irritation in poultry processing plants

Publication Applied Occupational and Environmental Hygiene

Issue-page numbers Volume 10, Issue 1, 1995

URL http://www.tandfonline.com/doi/abs/10.1080/1047322X.1995.10387610 - preview

Abstract Case studies conducted at six poultry processing plants by the National Institute for Occupational Safety and Health (NIOSH), the Occupational Safety and Health 
Administration (OSHA), the U.S. Department of Agriculture (USDA), and state health departments revealed that processors and inspectors experienced acute eye and upper 
respiratory irritation associated with their work. The most frequently reported symptoms were burning, watery eyes; sneezing; stuffy, runny nose; and cough. Other symptoms 
included blurred vision, light sensitivity, sore throat, headache, and nausea. Occasionally symptoms became so severe that inspectors and workers refused to continue 
working. Although prevalence data were often not collected, greater than 90 percent of the workers reported having symptoms in the hanging, evisceration, and inspection 
areas at one plant. These outbreaks were all associated with problems or changes in the plants' water chlorination and super-chlorination processes. The inception of 
complaints at three of the plants was closely associated with the switch to chloramination as a method of disinfection by the local water supply companies. Chloramination has 
been reported to produce and release the gas trichloramine, a mucous membrane irritant. Investigators collected area and personal breathing zone air samples at the plants 
to estimate worker exposures to chlorine and ammonia, but the concentrations of these gases were always low, with a maximum of 0.18 ppm for chlorine and a maximum of 3 
ppm for ammonia. These concentrations are well below OSHA, NIOSH, and American Conference of Governmental Industrial Hygienists exposure criteria; however, these 
long-term samples were not capable of detecting short-term peaks of the gases. There is currently no method available for measuring trichloramine in air. Chlorine levels were 
also measured in water and at times were found to range well above the 20 ppm concentration required by the USDA for sanitizing the evisceration machines. The companies 
tried various methods to resolve the complaints, including constructing a new water supply system, strict control of super-chlorination of water on processing machines, and 
ventilation changes. These procedures have served to largely control or eliminate complaints at the plants.
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Authors Schmalz C, Wunderlich HG, Heinze R, Frimmel FH, Zwiener C, Grummt T

Year 2011

Report Name Application of an optimized system for the well-defined exposure of human lung cells to trichloramine and indoor pool air.

Publication Journal of Water and Health

Issue-page numbers [2011, 9(3):586-596]

URL http://europepmc.org/abstract/MED/21976205

Abstract In this study an in vitro exposure test to investigate toxicological effects of the volatile disinfection by-product trichloramine and of real indoor pool air was established. For this 
purpose a set-up to generate a well-defined, clean gas stream of trichloramine was combined with biotests. Human alveolar epithelial lung cells of the cell line A-549 were 
exposed in a CULTEX(®) device with trichloramine concentrations between 0.1 and 40 mg/m(3) for 1 h. As toxicological endpoints the cell viability and the inflammatory 
response by the cytokines IL-6 and IL-8 were investigated. A decreasing cell viability could be observed with increasing trichloramine concentration. An increase of IL-8 
release could be determined at trichloramine concentrations higher than 10 mg/m(3) and an increase of IL-6 release at concentrations of 20 mg/m(3). Investigations of indoor 
swimming pool air showed similar inflammatory effects to the lung cells although the air concentrations of trichloramine of 0.17 and 0.19 mg/m(3) were much lower compared 
with the laboratory experiments with trichloramine as the only contaminant. Therefore it is assumed that a mixture of trichloramine and other disinfection by-products in the air 
of indoor pool settings contribute to that effect.
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Authors C. Schmalz, C. Zwiener

Year 2010

Report Name Nitrogen-Containing Disinfection By-Products in Indoor Pool Settings–Formation and Exposure.

Publication SPSR

Issue-page numbers 36-39

URL http://www.pwtag.org/researchdocs/NITROGEN%20CONTAINING%20DISINFECTION%20BYPRODUCTS%20IN%20INDOOR%20POOL%20SETTINGS%20FORMATION%

Abstract Disinfection of swimming pool water with chlorine is worldwide the most common method. However,
a compromise has to be taken between the hygienic safety and the occurrence of toxic disinfection byproducts
(DBPs). Among the well-known trihalogenmethanes, numerous other DBPs of different chemical
classes like chloramines, halogenated acetonitriles, halogenated nitro compounds and nitrosamines were
analysed in swimming pool water (Zwiener et al., 2007). Many of them show cytotoxicity and genotoxicity
(Richardson et al., 2007), some are volatile and therefore partition to the gas phase. Trichloramine
is an irritant compound of penetrating odour and can be measured predominantly in the air of indoor
swimming pools since it is four times more volatile than chloroform. Recent epidemiological studies
correlate swimming pool attendance with respiratory complaints and the increased risk of developing
asthma. Mostly trichloramine is suggested to cause eye, upper respiratory tract irritation (Massin et al.,
1998) and biomarker changes in the lung (Bernard et al., 2006). A transdisciplinary approach is necessary
to address current research questions on the formation, and minimization of DBPs, their toxicological
relevance and their risk for humans. Recent and current joint research projects addresses these topics:
„Integrated Risk Assessment for the New Generation of Disinfection By-Products” and “Health Related
Treatment Optimisation of Swimming Pool Water”.
In this presentation nitrogen-containing DBPs, especially NCl3,will be considered in more detail in
indoor swimming pools. The major drivers of the partly coupled chemical processes of NCl3 formation
were elucidated in laboratory experiments. Nitrogen compounds of the bathers load like urea, ammonia
and α-amino acids revealed as most efficient NCl3 precursors. At neutral pH 76% of the nitrogen of urea
could be transformed to NCl3. Even at substoichiometric molar ratios of chlorine to nitrogen the formation
of NCl3 was favored over the production of mono and dichlorinated products. However, the reaction
kinetics of urea with chlorine is rather slow. Half lives for urea of more than 23 hours were determined
under conditions relevant for swimming pools. The mass transfer of NCl3 from water to the gas phase
was estimated by a one-film model and revealed as a relatively slow process, too. A quantitative mass
transfer of NCl3 from water to air would take 19 h or 5.5 days for a rough (whirlpool) or a smooth surface
(unused pool) of the water, respectively. This is much more than a typical turnover rate of 0.4 to 8 h of
a treatment cycle of swimming pools. Therefore a great part of the produced NCl3 in the swimming pool
water is transferred to the SPW treatment. There the possibility of a removal, before it is transferred to
the air, is given. Further measures will be necessary to reduce NCl3 in indoor pools. Possibilities will be
the degradation of the most important precursors and the reduction of the nitrogen input by the bathers
with demands to behaviour measures like showering before going in to the pool.
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Authors Schöler HF, Schopp D

Year 1984

Report Name Volatile halogenated hydrocarbons in swimming pool waters

Publication Forum Städte-Hygiene

Issue-page numbers 35: 109–112 (in German)

URL

Abstract
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Authors Schössner H, Koch A

Year 1995

Report Name Investigations of trihalogenmethane-concentrations in swimming pool water

Publication Forum Städte-Hygiene

Issue-page numbers 46: 354–357 (in German)

URL

Abstract
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Authors Shaw CA, Bains JS, Pasqualotto BA, Curry K

Year 1999

Report Name Methionine sulfoximine shows excitotoxic actions in rat cortical slices

Publication Can J Physiol Pharmacol

Issue-page numbers 1999 Nov;77(11):871-7

URL http://www.ncbi.nlm.nih.gov/pubmed/10593660

Abstract Methionine sulfoximine (MSO) is a rare amino acid. It occurs in nature or as a by-product of some forms of food processing. A notable example of the latter was a former 
method for bleaching wheat flour, using nitrogen trichloride, the "agene process," in use for most of the first 50 years of this century. "Agenized" flour was found to be 
responsible for various neurological disorders in animals, and MSO was identified as the toxic factor. The agene process was subsequently discontinued in the United States 
and the United Kingdom circa 1950. MSO inhibits the synthesis of both glutathione and glutamine, and it is possible that its actions on the nervous system arise from 
alterations in the amount or distribution of these molecules. Structurally, MSO resembles glutamate, an observation that has also raised the possibility that it might have more 
direct glutamate-like actions on neurons. In the present investigation, we report excitatory and toxic actions of MSO in an in vitro preparation of adult rat cortex. Field potential 
recordings in this preparation show that MSO application evokes a sustained depolarization, which can be blocked by the N-methyl-D-aspartate (NMDA) antagonist L-(+)-2-
amino-5-phosphonovalerate (AP5). However, competition assays using MSO on [3H]CGP-39653 (DL-(E)-2-amino-4-propyl-1-phosphono-3-pentenoate) binding in rat cortical 
homogenates show only 20% displacement of total binding, suggesting that MSO is acting indirectly, perhaps by releasing glutamate. To investigate this possibility, we 
measured glutamate release during MSO application. Time course and dose-response experiments with MSO showed significant [3H]glutamate release, which was partially 
attenuated by AP5. To assess cellular toxicity, we measured lactate dehydrogenase (LDH) release from cortical sections exposed to MSO. MSO treatment led to a rapid 
increase in LDH activity, which could be blocked by AP5. These data suggest that MSO acts by increasing glutamate release, which then activates NMDA receptors, leading 
to excitotoxic cell death. These data suggest the possibility that MSO in processed flour had excitotoxic actions that may have been contributing factors to some human 
neuronal disorders.
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Authors Superior Health Council

Year 2012

Report Name The issue of chlorine in swimming pools:

Publication PUBLICATION OF THE SUPERIOR HEALTH COUNCIL No. 8748

Issue-page numbers 01 February 2012

URL http://www.health.belgium.be/internet2Prd/groups/public/@public/@shc/documents/ie2divers/19076706.pdf

Abstract The SHC does not encourage baby swimming (age 0-12 months) in environments such as
those that currently prevail in Belgian swimming pools. Although this activity offers a
comprehensive form of physical exercise and provides a number of potential
psychological benefits in terms of the relationship between the baby and its parents, one
should consider that:
� There are no real benefits in visiting swimming pools for infants this age, as interlimb
coordination is not acquired before the age of 3-4.
� Babies are a particularly vulnerable population group (more prone to infections,
hyperreactive mucous membranes, immature lungs, etc.).
� The physical exercise and psychological benefits can probably also be obtained
through other activities, such as taking a bath with the baby at home.  The SHC does not encourage baby swimming (age 0-12 months) in environments such as
those that currently prevail in Belgian swimming pools. Although this activity offers a
comprehensive form of physical exercise and provides a number of potential
psychological benefits in terms of the relationship between the baby and its parents, one
should consider that:
� There are no real benefits in visiting swimming pools for infants this age, as interlimb
coordination is not acquired before the age of 3-4.
� Babies are a particularly vulnerable population group (more prone to infections,
hyperreactive mucous membranes, immature lungs, etc.).
� The physical exercise and psychological benefits can probably also be obtained
through other activities, such as taking a bath with the baby at home.
Pools used for baby swimming exhibit relatively high water and air temperatures,
which in turn results in significant humidity and increased micro-organism growth.
� Baby swimming is often organised in privately owned pools for public use that are
not systematically monitored or in which there are no systematic inspections.
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Authors Sabrina Simard, Robert Tardif, Manuel J. Rodriguez

Year 2013

Report Name Variability Of Chlorination By-Product Occurrence In Water Of Indoor And Outdoor Swimming Pools

Publication Water Research

Issue-page numbers Available online 3 January 2013

URL http://www.sciencedirect.com/science/article/pii/S0043135412009116

Abstract Swimming is one of the most popular aquatic activities. Just like natural water, public pool water may contain microbiological and chemical contaminants. The purpose of this 
study was to study the presence of chemical contaminants in swimming pools, in particular the presence of disinfection by-products (DBPs) such as trihalomethanes (THMs), 
haloacetic acids (HAAs) and inorganic chloramines (CAMi). Fifty-four outdoor and indoor swimming pools were investigated over a period of one year (monthly or bi-weekly 
sampling, according to the type of pool) for the occurrence of DBPs. The results showed that DBP levels in swimming pools were greater than DBP levels found in drinking 
water, especially for HAAs. Measured concentrations of THMs (97.9 vs 63.7 µg/L in average) and HAAs (807.6 vs 412.9 µg/L in average) were higher in outdoor pools, 
whereas measured concentrations of CAMi (0.1 vs 0.8 mg/L in average) were higher in indoor pools. Moreover, outdoor pools with heated water contained more DBPs than 
unheated pools. Finally, there was significant variability in tTHM, HAA9 and CAMi levels in pools supplied by the same municipal drinking water network, suggesting that 
individual pool characteristics (number of swimmers) and management strategies play a major role in DBP formation.

Keywords disinfection by-products; swimming pools; chlorine; trihalomethanes; haloacetic acids; chloramines
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Authors Sharon Skipton, Bruce Dvorak

Year 2007

Report Name Chloramines Water Disinfection:

Publication NebGuide

Issue-page numbers G1704

URL http://www.ianrpubs.unl.edu/epublic/live/g1704/build/g1704.pdf

Abstract Bacteria and other disease-causing organisms in drinking water can cause intestinal infections, dysentery and a variety of other illnesses. Water disinfection reduces disease-
causing organisms and prevents the transmission of disease. This NebGuide discusses the disinfection process used by the Omaha Metropolitan Utilities District and Lincoln 
Water System.
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Authors Angela Spivey

Year 2006

Report Name Swimming in Allergens?: Pool Use and Asthma

Publication Environ Health Perspect

Issue-page numbers 2006 October; 114(10): A600.

URL http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1626399/

Abstract Atopic asthma (inflammation of the airways caused by exposure to airborne allergens) has become increasingly prevalent since the 1960s and is now the most common 
chronic childhood disease in the United States and many other industrialized countries. The cause for the rise is unclear, though many hypotheses have been put forth. Now 
researchers provide new findings that further support one proposed reason—increased use of indoor chlorinated swimming pools by children

Keywords

Spivey A

Authors D Stansbury, C Yeager, L Chen, C Mueller, KH Dunn, D Almaguer, J Ernst, C Otto, B Dang, F Gong

Year 2007

Report Name Respiratory and Ocular Symptoms Among Employees of a Hotel Indoor Waterpark Resort --- Ohio, 2007

Publication MMWR

Issue-page numbers February 6, 2009; 58(4):81-85

URL http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5804a3.htm

Abstract During January--March 2007, the Warren County Combined Health District (WCCHD) received 665 reports of respiratory and eye irritation from patrons and lifeguards at a 
hotel indoor waterpark resort in Ohio. Tests revealed normal water chemistry and air chlorine concentrations, and exposure to airborne trichloramine in the waterpark was 
suspected as the cause of the symptoms. Because of the number of symptom reports and WCCHD's limited ability to measure trichloramine, the district requested an 
investigation by CDC's National Institute for Occupational Safety and Health (NIOSH). This report describes the results of that investigation, which revealed that trichloramine 
concentrations in the waterpark ranged from below the limit of detection to 1.06 mg/m3, and some concentrations were at levels that have been reported to cause irritation 
symptoms (>0.5 mg/m3) (1). Lifeguards reported significantly more work-related symptoms (e.g., cough, wheezing, shortness of breath, chest tightness, and eye irritation) 
than unexposed hotel employees. Lifeguards also reported significantly more eye irritation and cough on days when hotel occupancy was high versus low. Insufficient air 
movement and distribution likely led to accumulation of trichloramine and exacerbation of symptoms. Based on recommendations to increase air movement and distribution at 
pool deck level, hotel management modified the ventilation system extensively, and subsequently no new cases were reported to WCCHD. The results of this investigation 
emphasize the importance of appropriate design and monitoring of ventilation and water systems in preventing illness in indoor waterparks.
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Authors Stottmeister E

Year 1999

Report Name [Occurrence of disinfection by-products in swimming pool waters.]

Publication Umweltmedizinischer

Issue-page numbers 2: 21–29 (in German).

URL

Abstract
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Authors Stottmeister E

Year 1998

Report Name Disinfection by-products in German swimming pool waters

Publication Paper presented to 2nd

Issue-page numbers 4 March 1998, School of Water Sciences,
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Authors Stottmeister E, Naglitsch F

Year 1996

Report Name [Human exposure to other disinfection by-products than trihalomethanes in swimming pools.]

Publication Annual report of the Federal Environmental Agency

Issue-page numbers Berlin, Germany (in German)

URL

Abstract
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Authors Strähle J, Sacre C, Schwenk M, Jovanovic S, Gabrio T, Lustig B

Year 2000

Report Name [Risk assessment of exposure of swimmers to disinfection by-products formed in swimming pool water treatment]

Publication Final report on the research

Issue-page numbers Landesgesundheitsamt Baden-Württemberg, Stuttgart (in German).

URL

Abstract
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Authors Michael J. Taras

Year 1953

Report Name Effect of free residual chlorination on nitrogen compounds in water

Publication Journal (American Water Works Association

Issue-page numbers Vol. 45, No. 1, JANUARY 1953

URL http://www.jstor.org/discover/10.2307/41253243?uid=3739672&uid=2129&uid=2&uid=70&uid=4&uid=3739256&sid=21101551937871

Abstract
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Authors Thickett KM, McCoach JS, Gerber JM, Sadhra S, Burge PS.

Year 2002

Report Name Occupational asthma caused by chloramines in indoor swimming-pool air

Publication Eur Respir J

Issue-page numbers 2002 May;19(5):827-32.

URL http://www.ncbi.nlm.nih.gov/pubmed/12030720

Abstract The first series of three workers who developed occupational asthma following exposure to airborne chloramines in indoor chlorinated swimming pools is reported. Health 
problems of swimmers in indoor pools have traditionally been attributed to the chlorine in the water. Chlorine reacts with bodily proteins to form chloramines; the most volatile 
and prevalent in the air above swimming pools is nitrogen trichloride. Two lifeguards and one swimming teacher with symptoms suggestive of occupational asthma kept 2-
hourly measurements of peak expiratory flow at home and at work, analysed using the occupational asthma system (OASYS) plotter, and/or had specific bronchial challenge 
testing to nitrogen trichloride, or a workplace challenge. Air measurement in one of the pools showed the nitrogen trichloride levels to be 0.1-0.57 mg x m(-3), which was 
similar to other studies. Two workers had peak expiratory flow measurements showing occupational asthma (OASYS-2 scores 2.88 and 3.8), both had a positive specific 
challenge to nitrogen trichloride at 0.5 mg x m(-3) with negative challenges to chlorine released from sodium hypochlorite. The third worker had a positive workplace 
challenge. Swimming-pool asthma due to airborne nitrogen trichloride can occur in workers who do not enter the water because of this chloramine. The air above indoor 
swimming pools therefore needs to be assessed and managed as carefully as the water.
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Authors Z.S. Uyan, S. Carraro, G. Piacentini, E. Baraldi

Year 2009

Report Name Swimming pool, respiratory health, and childhood asthma: Should we change our beliefs?

Publication Pediatric Pulmonology

Issue-page numbers Volume 44, Issue 1, pages 31–37, January 2009

URL http://onlinelibrary.wiley.com/doi/10.1002/ppul.20947/abstract

Abstract Swimming is often recommended as a sport because of its several benefits to health. It is also recommended in asthmatic children as a sport with a lower potential for 
prompting exercise-induced asthma. However, there is growing interest in the potentially harmful effects of repeated respiratory tract exposure to chlorinated products and the 
problem of possible swimming-related health hazards is gaining importance at international level. It is already known that acute exposure to chlorine gas as in swimming pool 
accidents causes lung damage and also that elite swimmers may have increased airway inflammation and bronchial hyperreactivity, probably as a result of repeated exposure 
to chlorine derivatives. Recently some studies have been conducted to investigate whether repeated exposure to chlorine by-products in recreational swimmers might also 
lead to lung damage. In addition, some studies have been lately published on the even more debated issue of the possible harmful effects of baby swimming on respiratory 
health. This article reviews and discusses data from the literature on the effects of chlorine derivatives in different categories of people routinely attending swimming pools. 
The need for longitudinal studies is emphasized to definitely clarify any role of chlorinated swimming pool attendance in the development of asthma in recreational swimmers.
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Authors Varraso R, Massin N, Hery M, Fradier-Dusch M, Michaely JP, Fournier M, Hubert G, Biette P, Rieger B, Berthelin A, Hecht G, Nadif R.

Year 2002

Report Name Not only training but also exposure to chlorinated compounds generates a response to oxidative stimuli in swimmers

Publication Toxicol Ind Health

Issue-page numbers 2002 Jul;18(6):269-78.

URL http://www.ncbi.nlm.nih.gov/pubmed/14992464

Abstract Relations between exposure to chlorinated compounds and biological markers of response to oxidative stimuli were investigated in swimmers, taking into account the effect of 
training. Twenty-two male swimmers aged 15-25 years were surveyed twice. Prevalence of irritant symptoms and asthma and number of hours of training were reported. 
Exposure to nitrogen trichloride (NCl3) and blood response to oxidative stimuli [catalase, superoxide dismutase (Cu2+/Zn2+ SOD), glutathione peroxidase (GSH-Px) activities 
and ceruloplasmin, ferritin and total antioxidant concentrations] were measured. Univariate analyses were completed by multivariate analyses. High prevalences of irritant 
symptoms and asthma were found. Multivariate analysis confirmed the results of the univariate analyses and showed that Cu2+/Zn2+ SOD activity was increased by exposure 
and by training (P = 0.01, P = 0.0001, respectively). Erythrocyte GSH-Px was decreased, whereas plasma GSH-Px was increased by exposure (P = 0.002, P = 0.002). No 
other association was found. Higher irritant symptoms and increases in the activities of erythrocyte Cu2+/Zn2+ SOD and of plasma GSH-Px with exposure support the 
hypothesis that the production of reactive oxygen species is not only related to training but also to exposure to chlorinated compounds. Other athletes tend to have respiratory 
problems such as asthma, but the exposure to chlorinated compounds may increase the respiratory disease among swimmers.
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Authors Cristina M. Villanueva and Laia Font-Ribera

Year 2012

Report Name Health impact of disinfection by-products in swimming pools

Publication Ann Ist Super Sanità

Issue-page numbers 2012 | Vol. 48, No. 4: 387-396

URL http://www.eatris.it/binary/publ/cont/ANN_12_04_06.pdf

Abstract This article is focused on the epidemiological evidence on the health impacts related
to disinfection by-products (DBPs) in swimming pools, which is a chemical hazard generated as
an undesired consequence to reduce the microbial pathogens. Specific DBPs are carcinogenic,
fetotoxic and/or irritant to the airways according to experimental studies. Epidemiological evidence
shows that swimming in pools during pregnancy is not associated with an increased risk of
reproductive outcomes. An epidemiological study suggested an increased risk of bladder cancer
with swimming pool attendance, although evidence is inconclusive. A higher prevalence of respiratory
symptoms including asthma is found among swimming pool workers and elite swimmers,
although the causality of this association is unclear. The body of evidence in children indicates
that asthma is not increased by swimming pool attendance. Overall, the available knowledge
suggests that the health benefits of swimming outweigh the potential health risks of chemical
contamination. However, the positive effects of swimming should be enhanced by minimising
potential risks.
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Authors C Voisin, A Sardella, F Marcucci and A Bernard

Year 2010

Report Name Infant swimming in chlorinated pools and the risks of bronchiolitis, asthma and allergy

Publication ERJ

Issue-page numbers  July 1, 2010 vol. 36 no. 1 41-47

URL http://erj.ersjournals.com/content/36/1/41.short

Abstract Recent studies suggest that swimming in chlorinated pools during infancy may increase the risks of lower respiratory tract infection. The aim of the present study was to 
assess the influence of swimming in chlorinated pools on the risks of bronchiolitis and its late consequences.

A total of 430 children (47% female; mean age 5.7 yrs) in 30 kindergartens were examined. Parents completed a questionnaire regarding the child’s health history, swimming 
practice and potential confounders.

Attendance at indoor or outdoor chlorinated pools ever before the age of 2 yrs was associated with an increased risk of bronchiolitis (OR 1.68; 95% CI 1.08–2.68; p = 0.03), 
which was exposure-dependent for both types of pool (p-value for trend <0.01). Associations persisted, and were even strengthened, by the exclusion of other risk factors. 
Among children with no parental antecedents of atopic disease or no day-care attendance, odds ratios for bronchiolitis amounted to 4.45 (1.82–10.9; p = 0.001) and 4.44 
(1.88–10.5; p = 0.007) after >20 h spent in chlorinated pools during infancy. Infant swimmers who developed bronchiolitis also showed higher risks of asthma and respiratory 
allergies later in childhood.

Swimming pool attendance during infancy is associated with a higher risk of bronchiolitis, with ensuing increased risks of asthma and allergic sensitisation.

Keywords Bronchiolitis, infant swimming, respiratory infection, swimming pool
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Authors William A. Weaver, Jing Li, Yuli Wen, Jessica Johnston, Michael R. Blatchley, Ernest R. Blatchley III

Year 2009

Report Name Volatile disinfection by-product analysis from chlorinated indoor swimming pools

Publication Water Research

Issue-page numbers Volume 43, Issue 13, July 2009, Pages 3308–3318

URL http://www.sciencedirect.com/science/article/pii/S0043135409002759

Abstract Chlorination of indoor swimming pools is practiced for disinfection and oxidation of reduced compounds that are introduced to water by swimmers. However, there is growing 
concern associated with formation for chlorinated disinfection by-products (DBPs) in these settings. Volatile DBPs are of particular concern because they may promote 
respiratory ailments and other adverse health effects among swimmers and patrons of indoor pool facilities. To examine the scope of this issue, water samples were collected 
from 11 pools over a 6 month period and analyzed for free chlorine and their volatile DBP content. Eleven volatile DBPs were identified: monochloramine (NH2Cl), 
dichloramine (NHCl2), trichloramine (NCl3), chloroform (CHCl3), bromoform (CHBr3), dichlorobromomethane (CHBrCl2), dibromochloromethane (CHBr2Cl), cyanogen 
chloride (CNCl), cyanogen bromide (CNBr), dichloroacetonitrile (CNCHCl2), and dichloromethylamine (CH3NCl2). Of these 11 DBPs, 10 were identified as regularly occurring, 
with CHBrCl2 only appearing sporadically. Pool water samples were analyzed for residual chlorine compounds using the DPD colorimetric method and by membrane 
introduction mass spectrometry (MIMS). These two methods were chosen as complementary measures of residual chlorine, and to allow for comparisons between the 
methods. The DPD method was demonstrated to consistently overestimate inorganic chloramine content in swimming pools. Pairwise correlations among the measured 
volatile DBPs allowed identification of dichloromethylamine and dichloroacetonitrile as potential swimming pool water quality indicator compounds.

Keywords Chlorine; DBP; DPD; MIMS; Swimming; Volatile
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Authors Clifford P. Weisel, Susan D. Richardson, Benoit Nemery, Gabriella Aggazzotti, Eugenio Baraldi, et al.

Year 2009

Report Name Childhood Asthma and Environmental Exposures at Swimming Pools: State of the Science and Research Recommendations

Publication Environ Health Perspect

Issue-page numbers  2009 April; 117(4): 500–507.

URL http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2679591/

Abstract Objectives

Recent studies have explored the potential for swimming pool disinfection by-products (DBPs), which are respiratory irritants, to cause asthma in young children. Here we 
describe the state of the science on methods for understanding children’s exposure to DBPs and biologics at swimming pools and associations with new-onset childhood 
asthma and recommend a research agenda to improve our understanding of this issue.

Data sources

A workshop was held in Leuven, Belgium, 21–23 August 2007, to evaluate the literature and to develop a research agenda to better understand children’s exposures in the 
swimming pool environment and their potential associations with new-onset asthma. Participants, including clinicians, epidemiologists, exposure scientists, pool operations 
experts, and chemists, reviewed the literature, prepared background summaries, and held extensive discussions on the relevant published studies, knowledge of asthma 
characterization and exposures at swimming pools, and epidemiologic study designs.

Synthesis

Childhood swimming and new-onset childhood asthma have clear implications for public health. If attendance at indoor pools increases risk of childhood asthma, then 
concerns are warranted and action is necessary. If there is no such relationship, these concerns could unnecessarily deter children from indoor swimming and/or compromise 
water disinfection.

Conclusions

Current evidence of an association between childhood swimming and new-onset asthma is suggestive but not conclusive. Important data gaps need to be filled, particularly in 
exposure assessment and characterization of asthma in the very young. Participants recommended that additional evaluations using a multidisciplinary approach are needed 
to determine whether a clear association exists.

Keywords aerosols, biologics, childhood asthma, DBPs, disinfection by-products, epidemiology, study design, swimming pools
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Authors ShihChi Weng, Ernest R. Blatchley III

Year 2011

Report Name Disinfection by-product dynamics in a chlorinated, indoor swimming pool under conditions of heavy use: National swimming competition

Publication Water Research

Issue-page numbers Volume 45, Issue 16, 15 October 2011, Pages 5241–5248

URL http://www.sciencedirect.com/science/article/pii/S0043135411004246

Abstract Anecdotal evidence suggests that water quality in chlorinated, indoor pools deteriorates under conditions of heavy use. However, data to define these dynamics have not been 
reported. To address this issue, a study was performed in which water chemistry was monitored in a chlorinated, indoor pool before and during a national swimming 
competition, a period of heavy, intense use. NCl3 concentration was observed to double after the first day, and increased by a factor of 3–4 over the 4 days of competition. 
CNCHCl2 and CH3NCl2 concentrations both increased by a factor of 2–3 during the course of the meet, while CHCl3 concentration showed only a modest increase during this 
same period. Diurnal patterns of NCl3, CH3NCl2 and CHCl3 concentrations were observed, and these patterns appeared to depend on the Henry’s law constant of the 
compound.

Urea concentration showed a diurnal pattern, superimposed on a trend of steady increase during each day of the competition; however, the diurnal pattern of urea behavior 
could not be explained by reactions with chlorine, as the urea-free chlorine reaction is relatively slow. It is more likely that the overnight decrease in urea concentration was 
attributable to mixing of surface water with water in the deeper parts of the pool. The findings of this study provide an indication of the changes in pool water chemistry that 
take place in a chlorinated, indoor pool under heavy use conditions.
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Authors ShihChi Weng, Jing Li, Ernest R. Blatchley III

Year 2012

Report Name Effects of UV254 irradiation on residual chlorine and DBPs in chlorination of model organic-N precursors in swimming pools

Publication Water Research

Issue-page numbers Volume 46, Issue 8, 15 May 2012, Pages 2674–2682

URL http://www.sciencedirect.com/science/article/pii/S0043135412001200

Abstract Ultraviolet (UV) irradiation is commonly applied as a secondary disinfection process in chlorinated pools. UV-based systems have been reported to yield improvements in 
swimming pool water and air chemistry, but to date these observations have been largely anecdotal. The objectives of this investigation were to evaluate the effects of UV 
irradiation on chlorination of important organic-N precursors in swimming pools.

Creatinine, L-arginine, L-histidine, glycine, and urea, which comprise the majority of the organic-N in human sweat and urine, were selected as precursors for use in 
conducting batch experiments to examine the time-course behavior of several DBPs and residual chlorine, with and without UV254 irradiation. In addition, water samples from 
two natatoria were subjected to monochromatic UV irradiation at wavelengths of 222 nm and 254 nm to evaluate changes of liquid-phase chemistry. UV254 irradiation 
promoted formation and/or decay of several chlorinated N-DBPs and also increased the rate of free chlorine consumption. UV exposure resulted in loss of inorganic 
chloramines (e.g., NCl3) from solution. Dichloromethylamine (CH3NCl2) formation from creatinine was promoted by UV exposure, when free chlorine was present in solution; 
however, when free chlorine was depleted, CH3NCl2 photodecay was observed. Dichoroacetonitrile (CNCHCl2) formation (from L-histidine and L-arginine) was promoted by 
UV254 irradiation, as long as free chlorine was present in solution. Likewise, UV exposure was observed to amplify cyanogen chloride (CNCl) formation from chlorination of L-
histidine, L-arginine, and glycine, up to the point of free chlorine depletion. The results from experiments involving UV irradiation of chlorinated swimming pool water were 
qualitatively consistent with the results of model experiments involving UV/chlorination of precursors in terms of the behavior of residual chlorine and DBPs measured in this 
study.

The results indicate that UV254 irradiation promotes several reactions that are involved in the formation and/or destruction of chlorinated N-DBPs in pool settings. 
Enhancement of DBP formation was consistent with a mechanism whereby a rate-limiting step in DBP formation was promoted by UV exposure. Promotion of these reactions 
also resulted in increases of free chlorine consumption rates.
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Authors S.-C. Weng, W. A. Weaver, M. Zare Afifi, T. N. Blatchley, J. S. Cramer, J. Chen, E. R. Blatchley III

Year 2011

Report Name Dynamics of gas-phase trichloramine (NCl3) in chlorinated, indoor swimming pool facilities

Publication Indoor Air

Issue-page numbers Volume 21, Issue 5, pages 391–399, October 2011

URL http://onlinelibrary.wiley.com/doi/10.1111/j.1600-0668.2011.00710.x/abstract?deniedAccessCustomisedMessage=&userIsAuthenticated=false

Abstract Abstract  Trichloramine (NCl3) is recognized as an irritant of the human respiratory system and other tissues. Processes that lead to volatilization from the liquid phase allow 
for human exposure to gas-phase NCl3 in swimming pool settings. The dynamics of these processes are not well defined. A N,N-diethyl-p-phenylenediamine/potassium iodide 
(DPD/KI)-based wet-chemistry method for measuring gas-phase NCl3 concentration was verified and applied in chlorinated, indoor swimming pool facilities. Other gas-phase 
oxidants in the air of indoor pools provided interference of 15% or less. The DPD/KI method was applied for the measurement of gas-phase NCl3 in four chlorinated, indoor 
swimming pool facilities. All results showed a correlation between bather loading and gas-phase NCl3 concentration. The nature of swimmer activities also influenced air 
quality, presumably because of the effects of these activities on mixing near the gas–liquid interface.
Practical Implications

The activities of swimmers promote transfer of volatile compounds from water to the surrounding air. For chlorinated, indoor pool facilities, this can lead to exposure to gas-
phase chemicals that can cause irritation of the respiratory system and other tissues. The focus of this study was on NCl3, a common disinfection by-product (DBP) in 
chlorinated pools. However, the conditions that promote NCl3 transfer are likely to promote transfer of other volatile chemicals from water to air. As such, it is possible that 
other DBPs formed in pools may also contribute to diminished air quality.

Keywords Trichloramine; Chlorine; DBPs; Swimming; HVAC system; Gas–liquid transfer
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Authors World Health Organization

Year 2006

Report Name Guidelines for safe recreational water environments

Publication WHO

Issue-page numbers 2006

URL http://whqlibdoc.who.int/publications/2006/9241546808_eng.pdf

Abstract The provisional guideline value for chlorine species, expressed as nitrogen trichloride, in the atmosphere of
swimming pools and similar environments is 0.5 mg/m3.
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