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Detailed Description of Study Site: Indoor Aquatic Center 

The layout of the indoor aquatic center examined in this study is presented in Figure S1.  The competition 

pool has a free surface that measures 50 m x 25 yd (22.9 m), with a total liquid volume of roughly 2800 

m3.  Also included in this air space is a diving well, with a free surface that measures 22.9 m x 17.4 m 

with a total liquid volume of 2100 m3.  Lastly, there is a spa located near the diving well that has free 

surface dimensions of 3.4 m x 2.4 m with a liquid volume of 9.5 m3.  The three pools are hydraulically 

independent, in that they each have a dedicated, recirculating water treatment system.  Specifically, each 

pool has a water treatment system that comprises a high-rate sand filter, UV irradiation (based on 

medium-pressure Hg lamps), pH control by addition of CO2 and/or muriatic acid (HCl), and an erosion 

feeder for chlorine addition.  The aquatic center had opening hours from 7 AM to 10 PM every day.  

Previous experiments conducted with water from this facility indicated that the bromide ion concentration 

was typically non-detectable using ion chromatography.1 

 

Design and Operation of the Portable CRDS in the OD-CRDS 

The portable CRDS instrument was built in-house at the Université libre de Bruxelles. It consists of an 

optical cavity (the mirrors also functioning as the windows of the glass vacuum cell), a near-infrared DFB 

laser, a semiconductor optical amplifier (SOA), a sampling system comprised of a gas inlet and a vacuum 

pump, electronics, and a single board computer (with custom control and analysis software). It is housed 

in a Pelican 1460 Protector Case for easy transportation. Briefly, a tunable narrow bandwidth continuous-

wave laser is coupled to the length-modulated cavity. When resonance with the incoming laser beam is 

achieved, a rapid increase of the light intensity exiting the cavity can be detected. A fast switch interrupts 

the laser beam to produce a ring-down event. The light intensity leaking out of the cavity is sampled and, 

based on its decay rate, the absolute absorption coefficient of the sample inside the optical cavity is 

calculated at the set wavelength. By repeating this process at different wavelengths (by scanning the 

laser), the spectrum of the sample in the cavity is obtained.  

 

The instrument was set to record the spectral range of 6548.45 to 6548.9 cm-1 with a 0.005 cm-1 

resolution. At each wavelength, 40-60 ring down events were recorded in 1 s. Once the scan was 

complete, the laser was set to the starting wavelength and the scan was paused. A non-linear least-

squares algorithm fitted exponential decays to the recorded ring down signals and generated the 

spectrum (absorption coefficient vs. wavenumber). There are two relatively well-isolated ammonia 

spectral lines in this range at 6548.61cm-1 and 6548.80 cm-1. A second non-linear least squares algorithm 

fitted Voigt profiles superimposed on a third-order polynomial baseline to the spectrum. The root mean 

square of these fits was between 5 – 15 x 10-10 cm-1 over the course of the current campaign. Based on 
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the area of the Voigt profiles, the concentration of ammonia was determined using intensities in the 

HITRAN database2 from Sung et al.3 and plotted in real-time. The scan over the spectral range took about 

90 s; the analysis took an additional 5 s. We programmed the instrument to pause each scan so that a 

full measurement loop took exactly 2 min for straightforward synchronization with the valve system. A 

section of 1/8 inch PFA tubing between the sulfite filter and the instrument smoothed out rapid 

concentration changes. We found that a 2 m section was sufficient to achieve relatively stable ammonia 

concentrations for the duration of the scan over the cores of the Voight profiles (around 10 s). The 

rounding effect of the PFA tube is due to adsorption/desorption of ammonia on the walls4. 

 

An example of an intercomparison measurement between the OD-CRDS and off-line NCl3 measurement 

techniques is shown in Figure S11. Here, the Triklorame (Syclope Electronique, France) adapted “Héry 

method” was used in an intercomparison campaign at the Engie Lab Cylergie experimental pool in Lyon. 

The Triklorame kit uses the same sampling cassettes as the “Héry method” with colorimetric analysis5. 

The sample inlet of the OD-CRDS instrument was collocated with the sampling cassettes, which were 

changed every hour. The OD-CRDS data (measured in real-time) are shown in black; results from the 

Triklorame colorimetric analysis (conducted on the same day as the sample collection) are shown in 

magenta. The Triklorame data are presented as the mean gas-phase NCl3 concentration for the time 

interval during which air was pumped through each sampling cassette. 

 

The Engie Lab Cylergie experimental pool is a 1:40 scale model of a 25-meter French public pool, 

including a complete water and air treatment system. The pool volume is 3 m3, with a water/air exchange 

surface of 9 m2. The temperature of the water can be regulated. Sand filtration is used for water 

purification (variable recirculation rate, around 15 m3/h), pH is regulated by H2SO4 solution injection, and 

free chlorine concentration is regulated by CaCl2 solution injection. Impurities can be injected by a 

programmable dosing pump. There is a water jet to promote volatilization (not used during the campaign). 

The air volume in the pool hall is 100 m3. Ventilation is provided by a dual flow air handling unit with 2-

way mixing and variable air flow (25 Hz fan inverters), heat exchanger, and hot water coils. The outdoor 

air flow rate is between 30 and 150 m3/h (regulated and configurable). During the campaign, the setpoints 

were as follows: water temperature: 28 °C, pH: 7.3, free chlorine: 1.5 mg/l, humidity: 60%. NH4Cl was 

dosed as the impurity. Water was intermittently mixed manually.   

 

Calibration and Operational Conditions of the PTR-TOF-MS 

Under the O2
+ mode, the primary reagent ion O2

+ was supplied by a cylinder of ultrahigh purity O2 

(99.993%, Indiana Oxygen Co.).  The instrument was operated at an E/N ratio of 150 Td under the O2
+ 
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mode and 145 Td under the H3O+ mode.  The inlet temperature was 80°C.  The temperature of the drift 

tube was 100°C.  The pressure of the drift tube was maintained at 2.2 and 2.3 mbar for the O2
+ and H3O+ 

modes, respectively.  The instrument background was determined twice daily using a cylinder of VOC-

free air (Matheson Tri-Gas, Inc.).  The background was subtracted from the calculated concentration.  

The mass-dependent ion transmission was estimated using daily calibrations under the H3O+ mode with 

a VOC gas standard mixture, including methanol, acetonitrile, acetone, isoprene, methyl ethyl ketone, 

methyl vinyl ketone, benzene, toluene, styrene, p-xylene, 1,3,5-trimethylbenzene, and 1,2,3,5-

tetramethylbenzene.   

 

The theoretical concentration under both modes was corrected daily against the absolute measurement 

with the OD-CRDS.  The comparison between the theoretical concentrations (before correction) with the 

concentration measured by the OD-CRDS is shown in Figures S6 and S7.  Under the O2
+ mode, the 

theoretical concentration from the PTR-TOF-MS agrees well with the NCl3[OD-CRDS], with a coefficient of 

determination (R2) of 0.841 and a mean absolute percentage error (MAPE) of 13.41% (Figure S6).  Under 

the H3O+ mode, the theoretical concentration from the PTR-TOF-MS shows lower values (60-70%) 

compared to NCl3[OD-CRDS], indicating a lower sensitivity of the PTR-TOF-MS for NCl3 when using H3O+ as 

the reagent ion. The comparison between the corrected concentrations with those measured by the OD-

CRDS are shown in Figures S4 and S5.  The correction factors for November 22, 23, and 24 were 1.125 

(±0.024), 0.946 (±0.017), and 1.103 (±0.0057) for the O2
+ mode and 2.9283 (±0.051), 2.414 (±0.037), 

and 2.902 (±0.100) for the H3O+ mode, respectively.  For these days, the MAPE between the corrected 

concentrations and the absolute concentrations of NCl3[OD-CRDS] were estimated as the uncertainties of 

the corrected concentrations.  They were ±11.11% and ±12.33% for the O2
+ and H3O+ modes, 

respectively.  Due to the lack of OD-CRDS measurements on November 21, the correction factors on 

this day were estimated as the average of those on other days.  They were 1.003 (±0.016) and 2.606 

(±0.037) for the O2
+ and H3O+ modes, respectively.  The uncertainties of the corrected concentrations on 

November 21 were estimated to be less than 30%. 

 

Under the H3O+ mode, the ions of NCl3H+ (m/z = 119.917, 121.914, 123.911, 125.908) and NCl2+ (m/z = 

83.940, 85.937, 87.934) were used to estimate the concentration of gas-phase NCl3.  We determined 

NCl2+ as the fragment of NCl3H+ since we observed a strong correlation (R2 = 0.99) between the signals 

of two ions (Figure S2).   

 

Under the O2
+ mode, the ion signals of NCl2+ (m/z = 83.940, 85.937, 87.934) and NCl3+ (m/z = 118.909, 

120.906, 122.903, 124.900) were used to estimate the NCl3 concentration.  NCl2+ has been recognized 
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as a fragment of NCl3 in previous measurements with Selected Ion Flow Tube-Mass Spectrometry (SIFT-

MS) with O2
+ serving as the reagent ion.  In this study, we found a linear relationship of the ion signals 

between NCl2+ and NCl3+ (R2 = 0.99; Figure S3).  Despite this, we cannot neglect the potential influence 

of the hydride abstraction reaction between O2
+ and NHCl2 (dichloramine), which also could result in 

NCl2+ ions.  However, we have calculated the mean NHCl2 concentration to be ~3-4 ppb under the H3O+ 

mode, assuming a default reaction rate coefficient of 2×10-9 cm3 s-1.  Compared to the mean concentration 

of 67 ppb for NCl3, we estimated the influence from NHCl2 on NCl2+ under O2
+ mode is small.  

Furthermore, when we calculated the mixing ratios of NCl3 under the O2
+ mode, we compared the 

resulting concentrations estimated from only the NCl3+ ion with those including both NCl2+ and NCl3+ ions.  

Although they yield different theoretical NCl3 concentrations, the corrected concentrations after scaling 

against the absolute measurement with the OD-CRDS agreed well (Figure S8; R2 = 1), indicating that 

the reactions of NHCl2 would not affect the estimation of the NCl3 mixing ratios in this study.   

 

Under the O2
+ mode, the impurity ion H3O+, of which the mixing ratio in the drift tube is influenced by the 

relative humidity of the sample air, can potentially affect the quantification of NCl3.  We noticed that the 

proton transfer reaction between H3O+ and NCl3 can produce the fragment NCl2+, which will be falsely 

accounted for as the major fragment from the charge transfer reaction between O2
+ and NCl3, leading to 

an overestimation of the mixing ratio of NCl3.  However, the abundance of H3O+ was only 2.01 (±0.22)% 

of O2
+ during the measurement, thus, the influence of the impurity ion H3O+ and relative humidity on the 

quantification of NCl3 is believed to be negligible. Figure 2 (c.) presents the signal of monochloramine 

(NH2Cl). The signal of NH2Cl+ (m/z = 50.987, 52.984) was used for monochloramine.6,7  Only the ion 

signal (cps) of NH2Cl was reported in this study. 

 

Gas-Phase NCl3 Measurements with NEMo 

The NEMo measurement is based on the reaction between gas-phase NCl3 and iodide ion infused within 

a nano-porous window on a slide, which is replaced daily.  The reaction leads to triiodide formation, which 

in turn results in a continuous increase of opacity of the iodide-infused window, which is monitored 

continuously.  The time-derivative of the opacity vs. time signal is used to calculate the 30 min moving 

average of gas-phase NCl3 concentration, which is reported every 10 min.  The opacity signal is 

influenced by RH (opacity increases with RH), and the NEMo monitor adopts an algorithm to 

automatically correct the interference based on an in-built RH monitor. From a practical perspective, the 

NEMo devices are constrained to RH values between 40-65%.  For RH values outside this range, the 

effects of RH are not accurately accounted for by the instrument’s internal algorithm.  Both NEMo devices 
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employed during the campaign were factory re-calibrated at the end of September 2019, 2 months before 

the current campaign. 

 

Automated Valve System for Spatially-Resolved Indoor Air Sampling 

The automated multi-location sampling was enabled by a ‘common-outlet’ type, programmable multi-port 

flowpath selector (EUTA-2VLSC8MWE2, Valco Instruments Co., Inc.).  The selected stream outlet of the 

multi-port selector was connected to the PTR-TOF-MS, OD-CRDS, and CO2 gas analyzer to sample the 

air at the desired location.  A vacuum pump that was also connected to the selected stream outlet 

provided a constant carrier flow of ~9 L min-1.  A rough pump was connected to the common outlet of the 

selector to prevent stagnant air by continuously drawing the air through all unselected sampling lines.  

PFA tubes (3/8 in. OD) were used as the sampling lines.  At the intake of each sampling line, a PTFE 

filter (1 μm pore size) was installed to remove particulate matter.  The data collected by the PTR-TOF-

MS and CO2 gas analyzer in the first 2 min after the valve switch were disregarded for data analysis.  

This was done to mitigate the influence of the sudden pressure change on the instruments and the 

potential “memory effect” in the sampling system. 

 

Relative Humidity Measurements 

RH was recorded 0.5 m above the pool surface, close to the sample inlet, by a temperature and relative 

humidity logger (EL-USB-2-LCD, Lascar electronics). The vendor claimed accuracy was 2.25% RH (20 

to 80% RH) and 0.55°C (5 to 60°C). The logging rate was set to 1 measurement per 30 s from 11/20/2019 

19:28:08 to 11/23/2019 08:28:38 and to 1 measurement per 15 s from 11/23/2019 08:52:59 to 11/24/2019 

14:17:14. RH was also recorded by the NEMo air quality monitors that include a capacitive humidity 

sensor. The vendor specified resolution was 0.08% RH and precision ± 3% RH. The measured RH was 

logged every 10 min. 

 

Swimmer Counts 

The mixing behavior of NCl3 is affected by the number of swimmers. Thus, a group of volunteers recorded 

swimmer counts every 30 min for pool areas that were being used throughout the swimming meet. The 

competition pool was separated by a bulkhead into two sections: one was mainly for competition and the 

other for warm-up/warm-down. The diving well was used for diving practice and part of it was used as a 

warm-up/warm-down area for the swimmers. Bather count in the spa and audience count at the deck and 

second floor were also documented.   
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Implications for Ventilation Systems for Aquatic Centers 

Engineering strategies are needed to mitigate inhalation exposure to gas-phase NCl3 when the pool is 

under heavy use.  Aside from improvements in water chemistry by hygiene practices to reduce reaction 

precursors, the ventilation system should be operated to maintain the gas-phase NCl3 concentration 

within an acceptable range.  As the CO2 concentration and RH exhibit strong correlations with the gas-

phase NCl3 concentration, both of them can be routinely measured in indoor aquatic centers and their 

concentrations can be considered as one of the factors that govern the ventilation control logic to reduce 

exposure to NCl3.  The development of low-cost instruments for routinely monitoring gas-phase NCl3 or 

machine learning algorithms to derive the NCl3 concentration from CO2 concentration and RH will also 

be desired.  Since the outdoor air exchange rate cannot exceed a certain threshold in order to maintain 

thermal comfort, absorbers can be developed to actively or passively remove NCl3 from pool air. 

 

Implications for Inhalation Exposure to NCl3 and CO2 Among Swimmers 

This study indicates that pool users are exposed to high concentrations of NCl3 and CO2 in chlorinated 

indoor pools when the number of people in the pool is high and the activities are intense.  During the 

preliminary and final races, the competitive swimmers were exposed to gas-phase NCl3 and CO2 with 

concentrations of ~40-205 ppb and 500-922 ppm, respectively.  Exposure to even relatively low 

concentrations of NCl3 (as compared to the guideline by Parrat et al.8; Figure 4) has been shown to 

decrease lung function9, while exposure to high concentrations of NCl3 (as compared to the guideline by 

Parrat et al.8; Figure 4) leads to irritation of the eyes and upper airways and systematic exposure has 

been linked to asthma.10–16  In addition, many indoor air studies suggest that elevated CO2 concentrations 

can affect human cognitive performance. Exposure to high CO2 levels has been associated with 

deterioration in attention, vigilance, concentration17,18, and decision making ability19.  CO2 is also known 

to increase sleepiness and anxiety.20–22  Therefore, in addition to health concerns, elevated NCl3 and CO2 

concentrations can potentially affect the athletic performance of competitive swimmers. 

 

The speculated liquid-to-air transfer scheme in this study suggests that the swimmer-induced water 

droplets, splashes, and waves are attributable to enhanced NCl3 emissions from pool water.  This finding 

indicates that individual swimmers may be surrounded by a personal microenvironment with higher NCl3 

concentration, where the formed water droplets, splashes, and waves are abundant, and it moves with 

the swimmer during swimming.  The speculated transfer scheme also suggests that other volatile 

compounds, such as some harmful volatile DBPs (e.g. cyanogen chloride, chloroform)23, can be emitted 

via the same process, and inhaled by swimmers.  Swimmers and pool workers are also exposed to 

airborne water droplets formed via bubble bursting, which may contain various chemicals that have 
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adverse health effects (e.g. halonitriles)24,25.  In addition, as mechanical mixing aids the liquid-to-gas 

transfer of volatile compounds, chlorinated pools with mechanical devices that agitate the water, such as 

bubbling hot spas and waving pools, may lead to a constant and strong flux of NCl3 to pool air.   
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Figures  

 

 
 

Figure S1. Schematic of the aquatic center and locations of sampling inlets and instruments.  
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Figure S2. Correlation plot of the ion signals between NCl3H+ and NCl2+ as measured by the PTR-TOF-

MS under the H3O+ mode. 
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Figure S3. Correlation plot of the ion signals between NCl3+ and NCl2+ as measured by the PTR-TOF-

MS under the O2
+ mode.  
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Figure S4. Comparison of the corrected gas-phase NCl3 concentration measured by the PTR-TOF-MS 

under the O2
+ mode and the concentration measured by the OD-CRDS (circular markers).  The dashed 

line indicates where the ratio is equal to 1:1.  The coefficient of determination (R2) and mean absolute 

percentage error (MAPE) for the concentrations measured by two instruments are listed.  
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Figure S5. Comparison of the corrected gas-phase NCl3 concentration measured by the PTR-TOF-MS 

under the H3O+ mode and the concentration measured by the OD-CRDS (circular markers).  The 

dashed line indicates where the ratio is equal to 1:1.  The coefficient of determination (R2) and mean 

absolute percentage error (MAPE) for the concentrations measured by two instruments are listed.  



 S14 

   
Figure S6. Comparison of the theoretical gas-phase NCl3 concentration measured by the PTR-TOF-

MS under the O2
+ mode (assuming a default constant rate coefficient of 2×10-9 cm3 s-1; before applying 

the correction factors) and the concentration measured by the OD-CRDS (circular markers).  The 

dashed line indicates where the ratio is equal to 1:1.  The coefficient of determination (R2) and mean 

absolute percentage error (MAPE) for the concentrations measured by two instruments are listed.  



 S15 

 
Figure S7. Comparison of the theoretical gas-phase NCl3 concentration measured by the PTR-TOF-

MS under the H3O+ mode (assuming a default constant rate coefficient of 2×10-9 cm3 s-1; before 

applying the correction factors) and the concentration measured by the OD-CRDS (circular markers).  

The coefficient of determination (R2) is listed. 
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Figure S8. Comparison of the corrected gas-phase NCl3 concentration measured by the PTR-TOF-MS 

under the O2
+ mode, estimated by including only the NCl3+ ion and by including both the NCl2+ and 

NCl3+ ions.  The dashed line indicates where the ratio is equal to 1:1.  The coefficient of determination 

(R2) is listed. 
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Figure S9. (a.) Time-series plot of the spatially-resolved gas-phase NCl3 concentration, measured by 

the OD-CRDS (red line) during the preliminary campaign on September 27.  The color-coded 

background indicates the sampling locations (10 cm and 1 m above the pool surface) for a given 

period.  (b.) Time-series plot of the swimmer counts (grey bars; left axis) and relative humidity (yellow 

line; right axis). Humidity was logged by the Lascar logger collocated with the NCl3 sampling inlet. 
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Figure S10. Number of people/swimmers in each area of the aquatic center over the entire swim meet. 

Values counted for the "competition pool" and "dive pool" represent swimmers, while values for the 

“deck,” “second floor,” and “SPA” represent non-swimmers (spectators, etc.).  
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Figure S11. CO2 concentration decay rate obtained on November 21 after the preliminary session 

when no active swimmers were in the competition pool.  The decay rate is used as a proxy for the 

outdoor air exchange rate (AERoutdoor) in this study. 
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Figure S12. CO2 concentration decay rate obtained on November 21 after the final session when no 

active swimmers were in the competition pool.  The decay rate is used as a proxy for the outdoor air 

exchange rate (AERoutdoor) in this study. 
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Figure S13. CO2 concentration decay rate obtained on November 22 after the preliminary session 

when no active swimmers were in the competition pool.  The decay rate is used as a proxy for the 

outdoor air exchange rate (AERoutdoor) in this study. 
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Figure S14. CO2 concentration decay rate obtained on November 22 after the final session when no 

active swimmers were in the competition pool.  The decay rate is used as a proxy for the outdoor air 

exchange rate (AERoutdoor) in this study. 

 

 



 S23 

 
 

Figure S15. CO2 concentration decay rate obtained on November 23 after the preliminary session 

when no active swimmers were in the competition pool.  The decay rate is used as a proxy for the 

outdoor air exchange rate (AERoutdoor) in this study. 
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Figure S16. CO2 concentration decay rate obtained on November 23 after the final session when no 

active swimmers were in the competition pool.  The decay rate is used as a proxy for the outdoor air 

exchange rate (AERoutdoor) in this study. 
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Figure S17. Example of an intercomparison measurement between the OD-CRDS and off-line NCl3 
measurement techniques, here, the Triklorame (Syclope Electronique, France) adapted “Héry method.” 

The campaign was conducted at the Engie Lab Cylergie experimental pool in Lyon. The OD-CRDS 
data are shown in black; results from the Triklorame colorimetric analysis are shown in magenta. 
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Figure S18. (a.) Time-series plot of the spatially-resolved gas-phase NCl3 concentration measured by 
the PTR-TOF-MS (dark and light blue line) and OD-CRDS (red line), and CO2 concentration (dark grey 

line) at the return air sampling location over the entire measurement campaign.  The NCl3 
concentration was also measured by two stationary NEMo monitors at heights of 4.7 m and 1.2 m 

above the pool surface.  The NCl3 concentration measured by the PTR-TOF-MS and the CO2 
concentration are shown as a 30 s average.  (b.) Time-series plot of swimmer counts in the competition 

pool (grey bars; left axis) and relative humidity (yellow, orange, and dark red lines; first right axis).   
Relative humidity was recorded by the Lascar temperature and humidity logger (yellow line) at a height 
50 cm above the pool surface and two NEMo monitors at heights of 1.2 m (orange line) and 4.7 m (dark 

red line) above the pool surface.  
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Figure S19. (a.) Time-series plot of the spatially-resolved gas-phase NCl3 concentration measured by 
the PTR-TOF-MS (dark and light blue line) and OD-CRDS (red line), and CO2 concentration (dark grey 

line) at the supply air sampling location over the entire measurement campaign.  The NCl3 
concentration was also measured by two stationary NEMo monitors at heights of 4.7 m and 1.2 m 

above the pool surface.  The NCl3 concentration measured by the PTR-TOF-MS and the CO2 
concentration are shown as a 30 s average.  (b.) Time-series plot of swimmer counts in the competition 

pool (grey bars; left axis) and relative humidity (yellow, orange, and dark red lines; first right axis).   
Relative humidity was recorded by the Lascar temperature and humidity logger (yellow line) at a height 
50 cm above the pool surface and two NEMo monitors at heights of 1.2 m (orange line) and 4.7 m (dark 

red line) above the pool surface.   
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Figure S20. (a.) Time-series plot of the spatially-resolved gas-phase NCl3 concentration measured by 
the PTR-TOF-MS (dark and light blue line) and OD-CRDS (red line), and CO2 concentration (dark grey 

line) at the surface air sampling location over the entire measurement campaign.  The NCl3 
concentration was also measured by two stationary NEMo monitors at heights of 4.7 m and 1.2 m 

above the pool surface.  The NCl3 concentration measured by the PTR-TOF-MS and the CO2 
concentration are shown as a 30 s average.  (b.) Time-series plot of swimmer counts in the competition 

pool (grey bars; left axis) and relative humidity (yellow, orange, and dark red lines; first right axis).   
Relative humidity was recorded by the Lascar temperature and humidity logger (yellow line) at a height 
50 cm above the pool surface and two NEMo monitors at heights of 1.2 m (orange line) and 4.7 m (dark 

red line) above the pool surface.   
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Figure S21. (a.) Time-series plot of the spatially-resolved gas-phase NCl3 concentration measured by 
the PTR-TOF-MS (dark and light blue line) and OD-CRDS (red line), and CO2 concentration (dark grey 
line) at the bulk air sampling location over the entire measurement campaign.  The NCl3 concentration 

was also measured by two stationary NEMo monitors at heights of 4.7 m and 1.2 m above the pool 
surface.  The NCl3 concentration measured by the PTR-TOF-MS and the CO2 concentration are shown 
as a 30 s average.  (b.) Time-series plot of swimmer counts in the competition pool (grey bars; left axis) 

and relative humidity (yellow, orange, and dark red lines; first right axis).   Relative humidity was 
recorded by the Lascar temperature and humidity logger (yellow line) at a height 50 cm above the pool 
surface and two NEMo monitors at heights of 1.2 m (orange line) and 4.7 m (dark red line) above the 

pool surface.   
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Table S1.  Henry’s law constants for inorganic chloramines and carbon dioxide.  Values are reported 

for T = 25C based on the compilation of Sander (2015)26.   

Compound H (atm) 

NH2Cl 0.60 

NHCl2 1.96 

NCl3 554 

CO2 1660 
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