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Dear Mr. Haugen, 

 

On May 16, 2014, A.R.C.H. Consulting Group, LLC measured the air concentrations of 

chlorine & chloramine (nitrogen trichloride) in the North and South Natatoriums, known 

as the Family Pool and Lap Pool, respectively.   

 

Additionally, from May 16 - 20, 2014, indoor air quality (IAQ) testing continuously 

measured the comfort indicators (carbon dioxide, temperature and percent relative 

humidity) and carbon monoxide in the Family and Lap pool natatoriums.   

 

 

PURPOSE:  The results of the 2014 testing are directly compared to the testing performed 

in 2011 and 2012 to determine if the recently installed Family Pool ventilation system is 

improving the air quality.  Identical methods and equipment was used in all testing 

performed in 2011, 2012, & 2014.  All doors in the Family Pool side remained closed 

throughout the testing.  The roof vents on the Lap Pool side were briefly open a few times 

to reduce the air temperature.   

 

 

APPENDICES:  Appendix 1 – 3 contain all the test results from the 2014 testing.   

 

Appendix 1:  Chlorine & Chloramine (Nitrogen Trichloride) Laboratory Results 

 

Appendix 2:  North Pool (Family Pool) Indoor Air Quality Results 

 

Appendix 3:  South Pool (Lap Pool) Indoor Air Quality Results  

http://www.archconsultants.com/
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FINDINGS:  FAMILY POOL 

 

Table 1:  Airborne Chlorine Concentration in the North (Family) Pool 

 

All Results in parts per million (ppm) 

Year 

Tested 
Morning Afternoon Evening 

Average 

Concentration 

2014 0.076 0.042 0.051 0.06 

2012 -- 0.15 0.15 0.16 0.15 

2011 0.059 0.24 -- 0.21 

 

 

 

Table 2:  Airborne Chloramine Concentration in the North (Family) Pool 

 

All Results in parts per million (ppm) 

Year 

Tested 
Morning Afternoon Evening 

Average 

Concentration 

2014 <0.009 <0.005 <0.007 

2012 -- 0.25 0.24 0.31 0.27 

2011 0.098 0.38 0.30 0.28 
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FINDINGS:  FAMILY POOL  

 

 
 

 

Figure 1: 

Figure 2: 
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FINDINGS:  FAMILY POOL 

 

 
 

 

 
 

Family Pool  

Figure 3: 
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FINDINGS:  FAMILY POOL 

 

 

Table 3:  Chlorine:  15-Minute Air Sample Results 

Family Pool 

(Ceiling Exposures) 

Location 2012 Results 2014 Results 

Family Pool 
0.27 ppm 

(11/3/12 at 2:45 pm) 

<0.2 ppm 

(5/16/14 at 2:15 pm) 

Family Pool 
0.44 ppm 

(11/3/12 at 5:30 pm) 

<0.2 ppm  

(5/16/14 at 5:45 pm) 

Family Pool 
0.50 ppm 

(11/3/12 at 6:00 pm) 

<0.2 ppm 

(5/16/14 at 6:00 pm) 

Family Pool 
0.73 ppm 

(11/3/12 at 8:30) 

<0.2 ppm 

(5/16/14 at 8:15 pm) 

   

Family Pool 
0.24 ppm 

(11/4/12 at 3:00 pm) 
-- 

   

Lap Pool 
<0.20 ppm 

(11/3/12 at 5:45 pm) 

<0.2 ppm 

(5/16/14 at 6:00 pm) 

Lap Pool 
<0.20 ppm 

(11/3/12 at 8:30 pm) 

<0.2 ppm 

(5/16/14 at 8:45 pm) 

 

<0.2 ppm indicates no chlorine was detected 
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FINDINGS:  LAP POOL 

 

Table 4:  Airborne Chlorine Concentration South (Lap) Pool 

 

All Results in parts per million (ppm) 

 Morning Afternoon Evening 
Average 

Concentration 

2014 0.042 0.023 0.029 0.03 

2012 -- -- -- -- 

2011 0.05 0.06 0.10 0.07 

 

 

 

Table 5:  Airborne Chloramine Concentration South (Lap) Pool 

 

All Results in parts per million (ppm) 

Year 

Tested 
Morning Afternoon Evening 

Average 

Concentration 

2014 <0.02 <0.01 -- <0.01 

2012 -- -- -- -- 

2011 0.077 -- 0.10 0.09 

 

There was almost no odor in the Lap Pool Natatorium so the level of chloramine would 

be expected to be lower than the Family Pool side, but early air sampling pump shutoff 

caused the lowest level of detection to be only <0.02 ppm.  
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FINDINGS:  LAP POOL 

 

 
 
 

  

Figure 4: 

Figure 5: 
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FINDINGS:  LAP POOL 

 

 
 
 

 
 

Lap Pool 
  

Figure 6: 
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CONCLUSIONS: 
 

1. Family Pool 

 

a. Chlorine:  Table 1 shows a reduction from 0.21 ppm in 2011 to 0.06 

ppm in 2014.  The airborne chlorine level has been reduced 2.5 to 3.5 

times from previous measurements.  A chlorine concentration of 0.06 

ppm throughout the day is over 8 times lower than the Washington 

State Permissible Exposure Limit (PEL) for chlorine and 0.06 ppm is 

over 16 times lower than the permissible ceiling limit for chlorine.   

 

i. Short-Term Chlorine Exposures:  Table 3 on page 5 shows 

the 15-minute short-term exposures to chlorine were all less 

than 0.2 ppm (the lowest level of detection for the method 

used).  This 2014 measured chlorine level is significantly lower 

than the 2012 levels that ranged from 0.27 to 0.73 ppm.   

 

b. Chloramine:  Chloramine is the main cause of irritation near an 

indoor pool; chloramine levels above 0.3 ppm can cause irritation.  

Table 2 shows that no chloramine was detected in any of the air 

samples.  Chloramine if present was at levels less than an average of 

0.007 ppm (<0.007 ppm).  This is a large reduction, about 50 times 

lower, from 2012 and 2011 when the chloramine levels averaged 0.28 

ppm.   

 

c. Carbon Dioxide (CO2):  The carbon dioxide measurements, Figures 

1 – 3, are an indirect measurement of the amount of outside (fresh) air.  

Maintaining CO2 levels below 1,000 ppm inside a building prevents a 

buildup of odors and air contaminants, prevents the air from feeling 

“stuffy” and prevents the occupants from feeling fatigued.   

 

The Co2 levels in 2014 remained below 700 ppm during occupied 

times, most of the time below 600 ppm, a normal level of CO2 inside a 

building.  In 2011, CO2 levels exceeded 1,000 ppm and in 2012 levels 

ranged from 800 to 900 ppm.    

 

d. Temperature & Humidity:  The air temperatures remained very 

steady during occupied times and the humidity hovered around 60% at 

the poolside.  The slight peaks of humidity and CO2 on Sunday were 

most likely due to people sitting too close or being too curious about the 

instrument.    
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CONCLUSIONS: (continued) 

 

2. Lap Pool 

 

a. Chlorine:  The airborne chlorine levels in the Lap Pool remained at 

approximately 0.03 ppm slightly lower that the levels measured in 2011.  

An average concentration of 0.03 ppm of chlorine is most likely the 

normal level alongside a chlorinated indoor pool.   

 

b. Chloramine:  No Chloramine was detected in 2014 air sampling down 

to levels of 0.02 ppm (<0.02 ppm).  Hardly any odor was noticeable in 

the Lap Pool Natatorium so the level of chloramine was most likely 

much lower than the Family Pool but due to pump failure the lowest 

level of detection was only <0.02 ppm.  The average level measured in 

2011 was 0.09 ppm.   

 

c. Carbon Dioxide (CO2):  The CO2 levels in 2014 hovered around 600 

ppm, never exceeding 700 ppm, an indication of sufficient amounts of 

outside air.  The sharp peaks seen throughout occupied times were due 

to people getting to close and breathing on the sensor.  CO2 levels in 

2011 & 2012 were slightly higher. 

 

d. Temperature & Humidity:  The air temperatures in the Lap Pool 

were more variable due to the sun shining on the south side of the 

building.  Occasionally, the ceiling vents were open for short periods to 

reduce the air temperature in the Lap Pool.  The humidity remained 

fairly constant at 60% 

 

 

Conclusion Summary:   

 

Multiple air samples for chlorine, chloramine and carbon dioxide repeatedly shows that 

the new ventilation system in the Family Pool significantly reduces the air contaminants, 

especially chloramine, to levels that do not cause people irritation when sitting alongside 

the pool.   

 

The ventilation system is also maintaining a comfortable environment supplying adequate 

amounts of outside air and circulating the air so people do not feel “stuffy” or lethargic.   
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Thank you very much for allowing A.R.C.H. Consulting Group the opportunity to perform 

this work. Please call if you need clarification or more details.  

 

A.R.C.H. Consulting Group is owned and operated by Certified Industrial Hygienists who 

can assist in any health and safety concern you have. We specialize in evaluating your 

workers exposures to air contaminants, measuring personal noise exposures and 

performing sound level surveys, indoor air quality assessments and investigations, mold 

assessments and mold abatement protocols, and safety & hazard evaluations. 

 

Please call me in the office at (206) 301-8989, on my cell phone at (206) 618-3088, or email 

at frank@archconsultants.com if you have any questions or concerns. 

 

 

Sincerely,  

 
Frank Riordan 

Certified Industrial Hygienist 

  

mailto:frank@archconsultants.com
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APPENDIX 1 

 

 

2014 RESULTS 

 

 

CHLORINE & CHLORAMINE (NITROGREN TRICHLORIDE)  

 

AIR SAMPLE RESULTS 
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APPENDIX 2 

 

 

2014 RESULTS 

 

 

NORTH POOL (FAMILY POOL) INDOOR AIR QUALITY RESULTS 
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APPENDIX 3 

 

 

2014 RESULTS 

 

 

SOUTH POOL (LAP POOL) INDOOR AIR QUALITY RESULTS 
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