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Abbreviations 

 

AIHA   American Industrial Hygiene Association 

ALS   ALS Environmental Laboratory – laboratory that performed testing for odorous 

sulfide compounds 

ATSDR  Agency for Toxic Substances and Disease Registry; U.S. Department of Health & 

Human Services 

CaDPH  California Department of Public Health 

deg. C   Temperature in degrees Centigrade 

deg. F   Temperature in degrees Fahrenheit 

GC/MS   Gas Chromatography / Mass Spectrometry 

IAQ   Indoor Air Quality 

IDPH  Illinois Department of Public Health 

ng/g   nanograms/gram (parts per billion by mass) 

NIOSH   National Institute of Occupation Safety and Health 

ppbv   parts per billion by volume – ratio of volume of an air contaminant to the volume 

of room air.  For comparison, a part per billion would be the contribution of 1 

penny to $10 million dollars. 

ppmv   parts per million by volume – ratio of volume of an air contaminant to the volume 

of room air.  A part per million is 1000 times larger than a part per billion. 

Multiplying a value given in ppmv by 1000 will give the concentration in ppbv.  

RSIP  Residential Sound Insulation Program 

SGS Galson Laboratory performing GC/MS analysis of indoor air 

STAT   STAT Analysis Corporation – laboratory used for headspace analysis 

SVOCs  Semi-Volatile Organic Compounds – these compounds are somewhat less volatile 

and tend to have a higher molecular weight than VOCs   

TIC   Tentatively Identified Compound – Chemical compounds believed to be 

identified from analysis, but not confirmed.  These compounds were reported in 

the headspace by matching their shape and retention time from the 

chromatograph column with a library of compounds.  Concentration value 

reported is estimated. 

USEPA   United State Environmental Protection Agency 

µg/m3   micrograms per cubic meter (weight of a substance in 1 cubic meter of air) 

µg/kg   micrograms per kilogram of tested material (equivalent to parts per billion by 

weight) 

UV   Ultraviolet Radiation – present in sunlight 

VOCs  Volatile Organic Compounds – frequent air contaminants 
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City of Chicago Department of Aviation 

Indoor Air Quality (IAQ) Evaluations: June through August 2018 

October 19, 2018 

EXECUTIVE SUMMARY 

The City of Chicago (hereinafter referred to as “the City”) has an ongoing investigation of 

acoustical windows installed in homes located around Midway International Airport (Midway) in 

response to odor complaints from residents. The windows were installed under the Residential 

Sound Insulation Program (RSIP) administered by the Chicago Department of Aviation. The City 

engaged Wood Environment & Infrastructure Solutions, Inc. (Wood) (formerly Amec Foster 

Wheeler Environment & Infrastructure, Inc.) to perform indoor and environmental sampling in 

representative homes to identify airborne chemicals that were the source of odors and 

potentially a health concern to residents.  Wood began the project in September 2017 under the 

name of Amec Foster Wheeler Environment & Infrastructure, Inc. The company changed its 

name to Wood in March 2018.   

This report is the third in a series of investigations to address the source of odors and the 

potential for health concerns from RSIP windows (Amec Foster Wheeler, 2017 and Wood, 2018).  

The 2018 report identified potential odor sources associated with window components.  The 

PVC coating over the fiberglass used for the window screen was identified as a potentially 

significant odor source particularly when exposed to direct sun conditions, at elevated summer 

temperatures.  Indoor air quality (IAQ) tests were first conducted in homes during fall 2017, both 

with existing odorous windows from Sound Solutions in place, and again after windows were 

replaced with a different brand of vinyl windows.  This report presents results from the IAQ 

sampling of five (5) additional homes, completed during summer (May-August) 2018 that have 

not been reported previously.   

Results from the indoor air sampling conducted during 2018 were used to further clarify 

possible contributions from Sound Solutions windows to indoor air quality in the homes.  Air 

monitoring was performed using recognized indoor air sampling techniques (USEPA TO-15, TO-

17 and other methods) and samples were analyzed in a laboratory accredited for such tests.  

Primary analyses were performed by Gas Chromatography/Mass Spectrometry (GC/MS) 

methodology that has the capability of identifying over 200,000 compounds.  

Note that although air sampling was conducted in proximity to the window that the homeowner 

identified as the most significant odor source, the resulting air sample is a composite of all 

contributions from residents, furnishings, and chemical products used in the home.  Health-

based screening guidelines used to screen for health risks for residents were the same as 

described in the Amec Foster Wheeler December 2017 report to the City on residential air 

quality.  Indoor air concentration results were compared to the State of Illinois’ “acceptable 

indoor air quality” guidelines for formaldehyde (Illinois guidelines do not include criteria for 

VOCs), and the recognized air inhalation hazard assessment guidelines California Chronic 

Reference Exposure Levels (ChRELs) for Volatile and Semi-Volatile Organic Compounds 

(VOC/SVOC).  A ChREL guideline represents a concentration at which the State of California 
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declares: “. . . reflects an air concentration level at or below which no adverse health effects are 

anticipated in a human population, including sensitive subgroups” (CaOEHHA, 2016).   

Indoor air quality in the five homes monitored during the summer of 2018 was similar to that 

described for the homes in the 2017 report (Amec Foster Wheeler, 2017).  Results show a limited 

number of volatile compounds were detectable in the homes and were present both before and 

after window replacement.  Concentrations of individual volatile compounds in air were 

observed to be both higher and lower following window replacement with no apparent trend. 

Overall, for air constituents that did show a change in concentration between the before and 

after window replacement sampling, roughly 1/3 of compound concentrations decreased after 

window replacement, while 2/3 of the compounds showed an increase after window 

replacement.  Absolute values for changes were low in virtually all cases. Nearly half of the 

differences noted were an increase or decrease of 1 ppbv or less, 60% of changes noted were 

less than 5 ppbv.  Changes appeared to be random in nature (results varied from home to home 

with no discernable trend) and likely reflect personal variations in lifestyle, weather conditions, 

or differences in home ventilation.  

Off-gassing from residential windows could not be demonstrated to be a significant source of 

indoor air constituents for the homes evaluated.  Variation in concentrations between homes, 

the lack of difference found in comparing before and after concentrations, and the difference in 

constituents identified between homes, shows no correlation between the odor complaint 

windows and residential air quality.   

Although not believed to be associated with windows, five air constituents including 

formaldehyde, identified previously in the Amec Foster Wheeler 2017 report, were found in at 

least one home at a concentration above a health guideline. Three of the homes sampled had 

formaldehyde concentrations above the 30 ppbv Illinois Department of Public Health guideline.  

Formaldehyde has been identified previously in the homes sampled in 2017. The four additional 

compounds all have a chronic health guideline (ChREL) value of 1.7 ppbv or less.  

All five of the compounds found to be above a health guideline were also present in outdoor air, 

either locally when indoor samples were collected (see Tables 1 and 2), and/or from regional air 

monitoring conducted by USEPA (USEPA AirData for Northbrook, Illinois).  Except for 

formaldehyde, detection of the four additional compounds was likely due to efforts taken during 

sampling and analysis to push the analytical methods to obtain the lowest available detection 

limits and to quantify compounds that had previously been reported in the 2017 study as 

Tentatively Identified Compounds (TIC).  The low concentrations and lack of any discernable 

trend does not suggest that odor causing windows are a source or contributor of these 

compounds. 

All in home air sampling conducted during 2018 using TO-15 and TO-17 methodology were 

reported with a detection limit of 1 ppbv or less with a few exceptions of 5 ppbv or less.  A 

summary report of 27 published studies regarding indoor air quality contaminants in U.S. homes 

identified these five constituents along with four other compounds to be a potential indoor air 

pollutant in most (>50%) of homes (Logue et al, 2010).  
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1.0 INTRODUCTION AND PREVIOUS RESULTS         

Investigation of residential air quality was initiated to identify potential indoor air contaminants 

and look for a source for the odors experienced in some of the homes fitted with noise 

reduction windows under the Residential Sound Insulation Program (RSIP) administered by the 

Chicago Department of Aviation (CDA).  The investigation also sought to address concerns by 

residents in the potential for the contribution of air contaminants to the living space associated 

with the recognized release of odorous volatile compounds (off-gassing) from the program 

windows.  

Wood was engaged by the City of Chicago beginning in September 2017 to perform targeted 

indoor air quality (IAQ) evaluations in select homes near Midway Airport in Chicago. The 

investigation was initiated with three (3) windows that had previously been removed from a 

representative home placed into a controlled environment test chamber.  Air quality in the test 

chamber was evaluated over a 24-hour period with the chamber temperature maintained at 105 

deg. F.  Results from this pilot chamber test were used to determine sampling 

methodology/parameters and establish baseline concentrations for comparison with indoor air 

quality (IAQ) of residences.   

During fall 2017, indoor air sampling with sample collection over a 24-hour interval was 

conducted in nine (9) single family residences where residents had complained of odors 

believed to be associated with RSIP windows from Sound Solutions, a program vendor.  An 

initial IAQ assessment was made of the nine (9) homes with the odorous windows in place.  

Windows were then replaced with new windows from a different manufacturer and the homes 

were resampled.  A 24-hour sampling period and recognized indoor air quality guidelines were 

used to screen for risk to residents from a continuous exposure to potential air contaminants.  

Air quality results from before and after window replacement were compared to evaluate 

differences in air quality.  Results were also compared to published data on odor thresholds to 

identify constituents that may be responsible for the odors reported.  Air quality determined for 

the homes sampled during 2017 was documented in a report that can be viewed on the Chicago 

Department of Aviation Website (Amec Foster Wheeler, 2017).   

Results from the 2017 air monitoring study in homes did not identify a specific cause for window 

odors.  Lack of a readily identified odor source combined with difficulty in separating out 

window influences from other contributions from the household environment including: 

occupant activities, furnishings, use of chemical products, and ventilation on the air quality in 

the homes sampled led to a follow-up study that focused directly on emissions from individual 

window components.  

Potential for window components to off-gas was evaluated by analyzing the atmosphere in a 

quart jar (“headspace analysis”) that resulted when pieces of window components were placed 

in a closed container and heated to 65 deg. C. (149 deg. F.) for two hours. This temperature was 

determined to be near the upper range of temperatures reached on a sunny day in the 

interstitial space between the outer storm window and the inner double pane window. This 

procedure was intended to maximize concentrations as well as the number of off-gas 

constituents present in the air sample.  “Headspace” tests were conducted with pieces of 
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window and sash vinyl, glazing sealant, window screen, assorted plastic installation materials, 

and minor window pieces including spacers, caulk and insulation, that comprised individual 

window components.  

This report follows two previous investigation reports on window odors and describes results 

from the most recent indoor air sampling conducted in five (5) Midway neighborhood homes 

between May and August 2018. 

 

1.1 Testing Methodology and Objectives 

In home sampling and analytical procedures used for this assessment of Volatile Organic 

Compounds (VOCs) in indoor air were completed using Modified OSHA PV2120/Modified 

USEPA TO-15 (vacuum canisters). Semi-Volatile Organic Compounds (SVOCs) were sampled and 

analyzed with USEPA TO-17 methodology (adsorbent media). Mod OSHA 1007/HPLC/UV (Assay 

N580) (adsorption badge) was used for formaldehyde and acetaldehyde. Analysis by TO-15 and 

TO-17 methods included a comparison of GC/MS results to a database of thousands of chemical 

compounds with matches reported as Tentatively Identified Compounds (“TICs”).  All 

compounds detected that could be quantified were identified and are included in Tables 1, 2 

and 3.  In addition to volatile compounds, temperature, relative humidity, carbon dioxide, and 

carbon monoxide levels were also monitored and presented in Appendix A.  

All in-home sampling to date has been performed in homes that were unoccupied by individuals 

or pets during the 24-hour sampling period. Air sampling locations were determined from a 

discussion with the homeowners as to their best opinion as to the location of the greatest 

historical odor. Air quality samples in homes were collected from the same general locations 

within each of the homes (i.e., the same relative distance from the window was used both before 

and after the replacement window was installed).   

Testing was conducted with air sampling intakes placed as close to the window at that location 

as was reasonably feasible.  Sampling procedure was consistent between homes, however the 

setup in each home was slightly different due to differences in home furnishings and window 

locations. Tests were started and finished during daytime hours. While air samples were being 

collected in homes, the air outside of the home was also collected to assess the contribution of 

ambient air. 

Air samples for TO-15 and Assay 581 (formaldehyde and acetaldehyde) collected during in-

home testing were secured under COC procedures and shipped under appropriate sample 

preservation procedures to SGS/ Galson Laboratories, Syracuse NY. TO-17 samples were directly 

shipped, and analysis were performed for SGS/Galson by ALS Environmental, Simi Valley, CA. 

 

1.2 Standards/Guidelines/Criteria 

Assessment methods at the five residences were intended to evaluate volatile chemical 

constituents - generally defined by VOCs and SVOCs.  Particulates (dusts) and inorganic 

constituents such as: heavy metals, carbon dioxide (CO2), carbon monoxide (CO), and radon (all 

of which are odorless and not pertinent to off-gassing) were not of primary concern.  CO2, CO, 
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humidity, and air temperature were however, measured as part of the air quality monitoring 

conducted, primarily to identify prevalent environmental conditions. Home sampling protocols 

used in 2018 for the five (5) homes was based on sampling protocols with some revisions made 

because of experiences in 2017.  Additional efforts were made during the sampling and 

laboratory analysis to push the analytical methods to obtain the lowest possible detection limits.  

All indoor air samples (both before and after window replacement) for TO-15 and TO-17 

analytical methods were able to achieve a detection limit of 1 ppbv or less for most parameters 

(a few parameters are limited to 5 ppbv or less). 

Presently, there are no regulatory indoor air standards for IAQ in homes or buildings. Testing 

methods are based upon generally recognized standards in the profession.  The following 

sections describe health guidelines used to compare in-home results. 

1.2.1 State of Illinois 

The State of Illinois has not established regulatory standards for indoor air contaminants, 

however the Illinois Department of Public Health (IDPH) has established indoor air guidelines 

that are reproduced here from a document entitled “IDPH Guidelines for Indoor Air Quality” 

(IDPH, 2018): 

The second paragraph of IDPH’s document includes the statement: 

“The Illinois Department of Public Health (the Department) has developed guidelines for 

acceptable indoor air quality, recommendations for achieving acceptable indoor air 

quality, and a basic approach for indoor air quality investigations. The Department 

defines acceptable indoor air quality as air in which there are no known contaminants at 

harmful levels as set forth in this document. The Department guidelines are not 

enforceable by law, but are designed to help individuals or groups improve the quality of 

indoor air in their homes and workplaces” 
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IDPH Table 1 Summary of Guidelines – Indoor Air Quality 

PARAMETER IDPH ASHRAE 
OSHA PEL 

*  
ACGIH TLV **  

Humidity 20% - 60% 30% - 60% N/A N/A 

Temperature 
68° - 75° (winter) 

68° - 75° 

(winter) 
N/A N/A 

73° – 79° (summer) 
73° - 79° 

(summer) 

Carbon Dioxide 
1,000 ppmv 

1,000 ppmv 5,000 ppm 5,000 ppmv 
(<800 ppmv preferred) 

Carbon 

Monoxide 
9 ppmv 9 ppm 50 ppmv 25 ppmv 

Hydrogen 

Sulfide 
0.01 ppmv N/A 20 ppmv 10 ppmv 

Ozone 0.08 ppmv N/A 0.1 ppmv 0.05 ppmv 

Particulates 
0.15 mg/m3 (PM-10) (150 

µg/m3) 24-hr 0.065 mg/m3 

(PM-2.5) (65 µg/m3) 24-hr 
N/A 

15 mg/m3 

(total) 
10 mg/m3 (total) 

5 mg/m3 

(resp.) 
3 mg/m3 (resp.) 

Formaldehyde 
0.1 ppmv (office) 

N/A 0.75 ppm 0.3 ppmv 
0.03 ppm (home)* 

Nitrogen 

Dioxide 
0.05 ppmv N/A 5 ppmv 3 ppm 

Radon 4.0 pCi/L N/A 100 pCi/L 
4 WLM/yr 

(working level 

months/year) 

* Occupational Safety and Health Administration Permissible Exposure Limit — this level is a time-weighted average and 

is an enforceable standard that must not be exceeded during any eight-hour work shift of a 40-hour work week.  

** American Conference of Governmental Industrial Hygienists Threshold Limit Value — this level is a recommended time-

weighted average upper limit exposure concentration for a normal eight to 10-hour workday and a 40-hour work week. 

Wood Environment & Infrastructure Solutions, Inc. added note: The only Parameter on this list that is considered a 

VOC/SVOC is formaldehyde. Other gases (CO2/CO/NO2) are colorless, odorless constituents and would not be considered 

off-gassing constituents.  Hydrogen sulfide does have a highly distinguishable “rotten egg” odor distinguishable well below its 

toxic levels and it is typically has a biological origin. *Note: The Illinois guidance standard for home exposure for 

formaldehyde is 0.03 ppm = 30 ppb. The OSHA Permissible Exposure Limit (PEL) for formaldehyde is 750 ppb (0.75 

ppm); The formaldehyde ACGIH TLV is 300 ppb (0.3 ppm) 

 

1.2.2 U.S. Environmental Protection Agency (USEPA) 

USEPA similarly does not establish regulatory standards for IAQ in homes. It does, however, have 

considerable guidance on IAQ for a variety of building types including homes (USEPA IAQ, 

2018).  
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1.2.3 LEED v 4 

LEED is a program for certifications of green building, established by the US Green Building 

Council (USGBC). The program requires compliance with emissions of VOCs/SVOCs from 

building products in accordance with the California Department of Public Health (CaDPH) 

standard method v1.2: “STANDARD METHOD FOR THE TESTING AND EVALUATION OF 

VOLATILE ORGANIC CHEMICAL EMISSIONS FROM INDOOR SOURCES USING ENVIRONMENTAL 

CHAMBERS” (California Dept. of Public Health, 2017). 

 

The CaDPH standard specifies test methods for use in evaluating emissions for volatile 

compounds that include formaldehyde (ASTM 5197/Assay 580), SVOCs (EPA TO-17), and Total 

VOCs (TVOCs) by EPA TO-15.  These methods are the same as were used for this investigation 

and are identified in Section 1.1 of this report.  

 

1.2.4   California Office of Environmental Health Hazard Assessment (CaOEHHA) 

California Proposition 65 (“PROP65”) requires the state to maintain and update a list of 

chemicals known to the state to cause cancer or reproductive toxicity.  This document may be 

found at: https://oehha.ca.gov/proposition-65 

 

The California Office of Environmental Health Hazard Assessment (OEHHA) has established an 

Air Toxicology and Epidemiology list identifying Acute, 8 Hour, and Chronic Reference Exposure 

Levels (“ChRELs”), Chronic RELs are designated to address continuous exposures for up to a 

lifetime; the exposure metric used is the annual average exposure. The ChREL list includes 64 

VOC/SVOC parameters. CaDPH standard method v1.2. (referenced above) contains a subset of 

the ChRELs (Table 4-1 Target CRELs). The Target ChRELs represent maximum concentrations 

allowed for VOCs emissions from new product off-gassing under California PROP 65. There are 

35 VOC/SVOCs identified in the Target CREL list. These levels are one-half of the published 

CaOEHHA Chronic RELs.  These standards serve as the foundation for the VOC/SVOC 

component of the LEED v 4 Green Building Certification IAQ standard.  Wood believes these 

reference exposure levels offer conservative concentration values for IAQ hazard assessments. 

 

 

https://oehha.ca.gov/proposition-65


 

 

6 
 

2.0 SUMMER 2018 RESULTS  
 

Between May and August 2018, Wood performed in-home (in-situ) air sampling over a 24-hour 

interval at five (5) residences where odor complaints from Sound Solutions windows had been 

confirmed.  Wood performed an initial air monitoring with the odorous windows in place. 

Following this initial sampling event, windows in the homes were replaced with new acoustical 

windows from a different manufacturer and indoor air sampling was repeated at four (4) of 

these homes.  A second sampling event, after window replacement at a fifth home, could not be 

arranged with the homeowner. 

Sampling dates for the five (5) homes sampled during 2018: 

Location Description 1ST TEST 

(Before Replacement) 

2ND TEST 

(After Replacement) 

Home 2018 - 1  5/21-5/22/2018 5/31-6/1/2018 

Home 2018 - 2  5/21-5/22/2018 5/31-6/1/2018 

Home 2018 - 3  6/21-6/22/2018 Not Sampled 

Home 2018 - 4  6/21-6/22/2018 7/11-7/12/2018 

Home 2018 - 5  7/26-7/27/2018 8/7-8/2018 

 

Test protocols used for the 2018 indoor air sampling were the same as used for the 2017 

sampling and are described in section 1.1.  Changes in laboratory reporting were requested to 

calibrate for additional analytes and enhance analytical reporting limits.   

Analytical Results from air sampling are tabulated in Tables 1 to 3.  A discussion of results is 

presented in the “Findings” section. 
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3.0 FINDINGS 
 

This section summarizes results for the IAQ assessments performed in five (5) homes sampled in 

2018.  In-home sampling was completed between May 21 and August 8, 2018.  Findings are 

based on a comparison of air samples collected from two paired 24-hour events.  The first 

sampling event took place in five (5) homes with odor complaint windows from Sound Solutions 

in place.  Following this initial air sampling event, windows in each home were replaced with 

new windows from another manufacturer. A second sampling was then conducted in four of the 

five homes following window replacements. 

 

3.1 In-Home Testing-Before and After Window Replacement 

Analytical results for air sampled in the five (5) homes before window replacement are tabulated 

in Table 1.  Table 2 presents indoor air sampling results from four homes after windows had 

been replaced.  Access by the homeowner could not be arranged to sample Home 3 after the 

windows were replaced.  Indoor air quality for the homes monitored during the summer of 2018, 

both before and after window replacement, was similar results to that described in the 2017 

sampled homes (Amec Foster Wheeler, 2017).  Of the many compounds included in the 

analytical report, only a limited number of VOC constituents were present at concentrations that 

could be detected by the laboratory, either before or after window replacement.  

Comparing results for EPA TO-15 and EPA TO-17 analytes to the California OEHHA standards (a 

listing that includes 64 VOC parameters) shows relatively few chemical compounds were present 

at a concentration above detection. Of the parameters detected, most were substantially below 

a health guidance level (CaOEHHA ChREL value).  

Outdoor air sampling was also conducted at the time residences were sampled for indoor air. 

Several compounds including:  acetonitrile, acetone, benzene, hexane, pentane, phenol, toluene, 

and xylene that were reported in indoor air were also identified in air samples collected 

outdoors at roughly the same or higher concentrations. 

Ethanol was the single compound found in a home that had the highest concentration for a 

VOC.  Ethanol was found in all homes sampled, both before and after window replacement.  

Ethanol is a common constituent in a wide variety of household products.  Several compounds 

were identified in homes at concentrations close to a published odor threshold. 

 

3.2 Comparison – Before and After Window Replacement 

A comparison of concentrations that were present in homes before and after window 

replacement is presented in Table 3. Results for VOCs (EPA TO-15 testing) and SVOCs (EPA TO-

17) showed little difference in the concentrations reported before or after window replacement. 

Both increases and decreases in the concentrations for individual compounds can be seen when 

results from before and after window replacement are compared. Where concentration changes 

between before and after window replacement were observed, roughly 1/3 of the changes 

identified showed a decrease in concentration after windows were replaced, while 2/3 of 
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compounds saw an increase in their concentration after window replacement. 

Absolute values for any changes were quite low in virtually all cases. Nearly half the differences 

noted showed an increase or decrease of 1 ppb or less, 60% of any changes noted were less 

than 5 ppbv.  Changes appear to be random in nature (not the same compounds throughout) 

and likely reflect personal lifestyle, variations in home furnishings, weather, and/or ventilation 

changes.  

A comparison with the CaOEHHA ChREL guidelines shows few of the listed compounds were 

present at a concentration above a respective laboratory reporting limit (i.e. were detectable).   

Results in Table 4 show that prior to window replacement, four (4) air constituents were 

identified to be above a health guideline in at least one home. After windows were replaced, 

three (3) air constituents above a health guideline were found in at least one home. In total, five 

(5) compounds were identified at a concentration greater than a health guideline, formaldehyde, 

acrolein, benzene, 1,3-butadiene, and naphthalene.  Identification of four of these exceedances 

during 2018 was likely the result of efforts taken to push the analytical methods to obtain the 

lowest available reporting limits and to quantify compounds previously reported as TIC 

(estimated values).  Four of these compounds reported above a health guideline have a ChREL 

value of 1.7 ppbv or less. Indoor air sampling analysis using TO-15 and TO-17 achieved a 

reporting limit of 1 ppbv or less with a few exceptions of 5 ppbv or less.  All five of the 

compounds are present in regional outdoor air (USEPA AirData) and three of the compounds 

were identified in outdoor air samples collected during indoor sampling (Tables 1 and 2).   

Formaldehyde, which was also reported during the 2017 home tests, was found in three (3) 

homes in 2018 at a concentration above the 30 ppbv Illinois Department of Public Health 

guideline.  Window replacement saw a reduction in formaldehyde concentrations of 1, 3, 8, and 

18 ppbv in the four (4) homes for which a comparison could be made (Home 3 could not be 

sampled after window replacement).  Headspace tests on window components conducted 

during early 2018 showed that formaldehyde was absent from all window components except 

from the Sound Solutions window screen (Wood, 2018). Outdoor air samples collected during in 

home sampling showed concentrations of formaldehyde in outdoor air that ranged from 2 to 4 

ppbv.  Regional air sampling concentrations for formaldehyde reported at the Northbrook, 

Illinois water treatment plant from January to the end of June 2018 ranged from 1.1 to 7.9 ppbv 

(USEPA AirData). 

Compounds that exceed a health guideline are tabulated in Table 4 and includes results from 

four (4) homes. Formaldehyde concentrations reported in the air sampled after replacement 

showed a reduction in concentration of from 1 to 18 ppbv compared to results collected “before 

replacement” in the four homes that could be compared. Formaldehyde concentrations were 

below the IDPH health guideline of 30 ppbv in all four homes following window replacement. 

No compounds were identified in the indoor air of the homes that could be specifically or 

consistently associated with home windows. 
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Table 4.  Summary of Indoor Air Results Above a Health Guideline – Before and After Replacement Comparison 

Compound Reference 

for Health 

Guideline 

(ppbv) 

Health 

Guideline 

(ppbv) 

Odor 

Threshold 

(ppbv) 

Concentration 

Range in 

Homes Before 

Window 

Replacement 

(ppbv) 

Concentration 

Range in 

Homes After 

Window 

Replacement 

(ppbv) 

Change in 

Concentration 

Following 

Window 

Replacement 

(ppbv) 

Range for 

Outdoor Air 

Concentration 

Reported 

(ppbv) 

Number of 

Homes above 

Guideline 

Before 

Replacement 

(c) 

Number of 

Homes above 

Guideline 

After 

Replacement 

Acrolein ChREL 0.15 3.6 1.1 - 1.7 1.4 – 2.7 Decrease 0.1-

1.0 increase  

0.4 – 2.5 (a) 

<1.0 (b) 

4 (5) 4 

Benzene ChREL 0.94 470 <0.8 – 1.2 <0.8 – 1.3 Decrease 0-1 0.5 - 1.4 (a) 

<0.8 – 1.0 (b) 

1 (1)  2 

1,3-Butadiene ChREL 0.9 99 <0.8 <0.8 – 5.9 Increase 0-5.5 0 – 0.2 (a) 

<1.0 (b) 

0 1 

Formaldehyde IDPH 30 27 19 - 54 18 - 28 Decrease 1-18 1.1 – 7.9 (a) 

2 – 4 (b) 

2 (3) 0 

Naphthalene ChREL 1.7 1.9 <0.8 - 2.3 <0.8 -1.9 Decrease 0-1.9 0.002–0.028 (a) 

<1.0 (b) 

2 (2) 0 

 
(a)  AirData Air Quality Monitors - Northbrook Water Plant outdoor air monitoring results Jan 1-Jun 30, 2018. 

(b) Tables 1 and 2 – Outdoor samples collected at time of indoor air sampling.  

(c)   Values shown in parenthesis include Home 3 that was sampled only before window replacement. 
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4.0 DISCUSSION 
 

4.1 Health Effects 

Comparing indoor air sampling results, both before and after window replacement against the 

protective CaOEHHA ChREL standards suggest little overall impacts on indoor air quality in any 

of the homes tested to date.  A comparison of the changes observed in concentrations of 

volatile compounds from before and after window replacement shows random changes and no 

correlations with window replacement.   

Five constituents were found above a health guideline (Table 4), four of these compounds were 

found before windows were replaced, and three were identified after window replacement. All 

five constituents found have been identified in multiple indoor air studies to be common indoor 

air contaminants found in “most” homes (Logue, et al., 2011). Except for formaldehyde, the other 

four compounds have ChREL guidelines of less than 1.7 ppbv meaning that if the laboratory 

reports any of the four (4) compounds, it is likely to be above the ChREL for that compound. 

None of these exceedances could be clearly associated with the windows as indicated by the 

lack of a trend when comparing air concentrations from before and after window replacement 

(Tables 3 and 4).   

Of the five (5) compounds shown in Table 4, both benzene and formaldehyde were present in 

outside air collected simultaneously with indoor sampling.  All five (5) compounds, acrolein, 

benzene, 1,3-butadiene, formaldehyde and naphthalene are routinely found in outdoor air in the 

Chicago metropolitan area (USEPA AirData, 2018).  Benzene was found in the outdoor sample 

collected outside of Home 1 at a concentration of 1.0 ppbv, above the ChREL value of 0.94.  

Both acrolein and benzene are found in regional air at concentrations close to those reported in 

the homes sampled (maximum acrolein concentration 2.7 ppbv found after replacement and 

benzene concentration 1.3 ppbv after window replacement).  1,3-Butadiene was found only in 

one (1) home and only after the windows had been replaced.  No 1,3-butadiene was detected in 

any of the five (5) homes before windows were replaced.  

Formaldehyde is commonly found during indoor air monitoring of offices and residences and is 

widely recognized as a common indoor air pollutant with many sources. As referenced in the 

CDC’s ATSDR ToxFAQs: “Small amounts are produced by plants, animals, and humans” (ATSDR, 

2015).  Formaldehyde sources include many common household products- antiseptics, 

medicines, cosmetics. The report by Logue, et al., 2011 cites formaldehyde as presenting a 

”High” level of certainty as an indoor health risk. It further identifies short term formaldehyde 

contributions resulting from residential activity: Oven Cleaning 417 ppbv; Cooking Fish (electric 

and gas): 129 ppbv.  

Formaldehyde was detected in all homes sampled (both before and after window replacement) 

and was present above the IDPH health guideline in three homes sampled prior to window 

replacement. Formaldehyde concentrations were below the 30 ppbv health guideline in the four 

homes sampled after windows were replaced.  The highest formaldehyde concentration was 

found in Home 3, which was not able to be sampled after window replacement.  In the other 

four (4) homes, formaldehyde concentrations decreased from 1 to 18 ppbv following window 

replacement, less than the 30 ppbv IDPH guideline.  
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Results from headspace sampling showed that formaldehyde was not present in the sash or 

window frame vinyl, sealant, or other individual window components (Wood, 2018).  

Formaldehyde was, however, identified in the headspace generated by the window screens.  

Acetaldehyde, a compound with similar properties to formaldehyde was also identified in the 

headspace from the window screen.  Although both acetaldehyde and formaldehyde were 

present in the headspace from the screen material, only formaldehyde was reported in the 

homes sampled (acetaldehyde was reported as at or below a detection level of 2 ppbv in all 

homes).  Based on this data and the knowledge that formaldehyde is a common indoor air 

contaminant in homes; has multiple sources; and is present in outdoor air; it was concluded that 

formaldehyde present in residences, could even under worst case conditions, be only marginally 

associated with the window installation.  The only formaldehyde concentration reported from 

headspace testing of window components came from the Sound Solutions window screens 

(Wood, 2018).  

The correlation of off-gassing of VOCs/SVOCs with increasing temperature was demonstrated in 

headspace tests conducted on window materials (Wood, 2018). The effect of temperature 

translates to the experience of odors being most noticeable on hot days. Unfortunately, due to 

the need to schedule sampling with residents several weeks in advance, not all home tests were 

conducted under optimal sunny conditions.  The CaOEHHA Chronic Reference Exposure Levels 

guidelines used to compare indoor air results however, “. . . are designed to address continuous 

exposures for up to a lifetime:  the exposure used is the annual average exposure”.  Weather 

conditions at the time air sampling was conducted, although not extreme, represented above 

normal temperatures for the year and therefore still believed to represent conservative 

conditions.   

 

4.2 Correlation with 2017 Indoor Air Evaluations 

Indoor air sampling during 2018, although conducted under warmer weather and longer days 

than during 2017 sampling, showed similar concentrations and composition to those seen 

previously.  Indoor air sampling procedures for summer 2018 were modified slightly to increase 

the number analytes reported and quantified. Several of the analytes included in Tables 1, 2, and 

3 were previously reported as “Tentatively Identified Compounds” (TICs) in the 2017 sampling 

results (Amec Foster Wheeler, 2017).  Air volume collected for TO-17 analysis was also increased 

to allow lower detection limits to be reported.  This procedure also enabled additional low-level 

compounds to be detected.   

 

Air sampling results conducted in 2017 identified formaldehyde as being above a health 

guideline (ChREL) in two (2) of the nine (9) homes sampled.  No other exceedances of a ChREL 

value was noted. Results from summer 2018 reported formaldehyde to be above a health 

guideline in three (3) of the homes sampled before windows were replaced (and no homes after 

replacement).  In addition to formaldehyde in 2018, three compounds were present above a 

health guideline in homes before windows were replaced (acrolein, benzene, and naphthalene).  

After windows were replaced, three compounds (acrolein, benzene, and 1,3-butadiene) were 

found above a health guideline in at least one home (Table 4).  Four compounds identified in 

2018: acrolein, benzene, 1,3-butadiene, and naphthalene, all have very low ChREL values (less 
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than 1.7 ppbv) and were reported at low concentrations (maximum concentration reported for 

any of the four compounds was 5.6 ppbv for 1,3-butadiene).  As previously noted, these 

compounds have been reported in the literature with a high level of certainty to be present in 

most (> 50%) U.S. homes (Logue, et al., 2011) and their identification is attributed to the low 

detection levels achieved and presence in outside air.   

 

The small changes in concentration and minor variations in compounds observed before or after 

window replacement do not provide evidence to suggest that, other than nuisance odors, the 

complaint windows have a measurable impact on air quality in the homes sampled.
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

To date, Wood has performed in-home (in-situ) sampling (24-hour tests) at 13 homes with 

confirmed odor complaints, both before and after windows were replaced.  Indoor air sampling 

was also conducted in one (1) additional home before windows were replaced.   

Air sampling results performed to date in homes near Midway Airport show air quality from the 

nine homes in 2017 and the five homes with odorous windows sampled during summer 2018 to 

have similar volatile compounds at similar concentrations in residences.  Concentrations were 

nearly always below a health guideline.    

Table 4 identifies five (5) constituents that were found during air sampling to exceed a health 

guideline in at least one home.  All five constituents found have been identified in multiple 

indoor air studies as widespread indoor air contaminants present in more than 50% of homes 

(Logue, et al., 2011).  These constituents were not correlated when comparing air sampling 

results from before and after window replacement.   

Formaldehyde was detected in all homes tested and was reported above the 30 ppbv IDPH 

health guideline in three homes prior to window replacement. Earlier laboratory investigations 

to determine emissions from window components with an analysis of headspace showed that 

no formaldehyde was off-gassed from the sash, frame vinyl, or the window sealant (Wood, 

2018).  Formaldehyde levels present in two homes sampled before and the four homes sampled 

after window replacement were considered “acceptable” under the current the State of Illinois 

Guideline and LEED indoor air quality guideline values for formaldehyde.  

As discussed previously, reductions in formaldehyde concentrations observed “before” and 

“after” window replacement testing were widely variable.  Formaldehyde concentration was 

reduced between 1 and 18 ppbv following window replacement, below the 30 ppbv IDPH 

guideline.  Results indicate significant sources of formaldehyde other than the windows, were 

present within all the homes tested. Nonetheless, odors identified by the odor screening panel 

conducted (Wood, 2018) along with the presence of formaldehyde and acetaldehyde identified 

during analysis of headspace for the window screen provides additional justification to replace 

the window screen material.   

Air quality found in homes, off-gas contributions identified from individual window components, 

and the lack of differences when comparing in home test results from before and after window 

replacements indicate that, beyond nuisance conditions there is currently no evidence to 

suggest that compounds contributed by the windows are present in homes at concentrations 

that would pose a threat to health.   

Data for this conclusion regarding health risks from RSIP windows is based on: 

1) Air quality test results from whole windows conducted in an isolated environmental 

chamber; 

2) Results from air quality testing conducted in 13 homes that were evaluated both before 

and after window replacement;  

3) Head space tests conducted on individual window components to determine their 

potential for off-gassing; 
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4) Evaluation of the influence of temperature on off-gas concentrations; and 

5) Analysis for off-gasses resulting from short-term exposure to ultraviolet radiation. 

The GC/MS analysis method used by the laboratories for analyzing air quality for this 

investigation has the capability of identifying (when present), more than 200,000 compounds.  

None of the compounds associated with off-gassing from window components was found to be 

consistently above a health guideline in the indoor air of the homes tested. 

Several potentially odorous compounds, particularly associated with screen material from the 

windows, were identified to be present at low concentrations and below a health guideline.  

Several compounds also identified during these assessments are recognized indoor air 

contaminants that are present in homes nationwide and are associated with multiple sources 

related to home furnishings and household activities (carpets, furniture, fabrics, cleaning and 

personal care products, food preparation, etc.).  
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Tables 

 



City of Chicago Department of Aviation

TABLE 1 - Before Window Replacement
LEED:

Chronic
Reference Acute Reference 

(MACs)) Exposure Levels Exposure Levels Odor 

ppbv ppbv ppbv Threshold

Parameter Method Units Ca OEHHA(a) Ca OEHHA(b) Ca OEHHA(b) ppbv (c)

TO-15 (1 L SUMMA);  Bolded values = parameters 

with 1 or more detectable indoor concentrations:

 EPA TO-15; 

GC/MS Indoors Outdoors Indoors Outdoors Indoors Outdoors Indoors Outdoors Outdoors

Propylene ppbv -- 1,742 -- 10100 16 <5.0 <5.0 <5.0 11 <5.0 20 <5.0 34 37 <0.8

Freon-12 ppbv -- -- -- 199,000,00 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 0.8

Chloromethane ppbv -- -- -- 10,000 1 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

Freon-114 ppbv -- -- -- <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

Vinyl Chloride ppbv -- na 70,529 203,000 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

1,3-Butadiene ppbv -- 0.9 298 99 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

n-Butane ppbv -- -- -- 421 8.9 1.6 3.8 1.8 8.2 <0.8 15 <0.8 15 16 <0.8

Bromomethane (aka methyl bromide) ppbv -- 1.3 1,004 421 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

Chloroethane ppbv -- 11,372 -- 2,700 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

Ethanol ppbv -- -- -- 90 980 32 200 15 170 <5.0 170 8 100 98 5.4

Acetonitrile ppbv -- -- -- 13,000 20 8.4 11 14 11 16 18 8.2 6.8 6.8 6.1

Vinyl Bromide ppbv -- -- -- <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

Acrolein ppbv -- 0.15 1.1 3.6 1.3 <1.0 1.7 <1.0 1.4 <0.8 1.1 <0.8 1.5 1.6 <0.8

Acetone ppbv -- -- -- 40 130 12 24 23 77 7.1 38 9.2 25 26 7.5

Freon-11 ppbv -- -- -- <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

Isopropyl Alcohol ppbv 1,423 2,845 1,302 1,000 33 <5.0 12 <5.0 8.6 <5.0 19 <5.0 12 12 <5.0

Acrylonitrile ppbv -- 2.3 -- 1,600 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

Pentane ppbv -- -- -- 1,290 2.2 1.8 1.6 7.3 3.2 1.8 3.4 2 3.8 2.5 0.8

Ethyl Bromide ppbv -- -- -- 2,700 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

1,1 -Dichloroethene ppbv 8.8 18.3 -- 50,000 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

tert-Butyl Alcohol ppbv -- -- -- 3,000 1.3 <1.0 <1.0 <1.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0

Methylene Chloride ppbv 57.6 115 4,032 1,200 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

Freon-113 ppbv -- -- -- <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

Carbon Disulfide ppbv 128.4 257 1,992 16 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0

Allyl Choride ppbv -- -- -- 480 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

trans-1,2-Dichloroethene ppbv -- -- -- 277,000 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

1,1-Dichloroethane ppbv -- -- -- 49,000 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

Methyl tert-butyl Ether (MTBE) ppbv 1,108 2,223 -- - <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

Vinyl Acetate ppbv 28.4 56.8 -- 120 1.1 <1.0 <1.0 <1.0 1.2 <0.8 1.1 <0.8 1 3.2 <0.8

Methyl Ethyl ketone (MEK-aka 2-Butanone) ppbv -- -- 1,804 70 <1.0 <1.0 1.1 <1.0 1.3 <0.8 1.6 <0.8 <0.8 <0.8 <0.8

cis-1,2-Dichloroethylene ppbv -- -- -- 277,000 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

Hexane ppbv 986 -- 1,985 139 <1.0 1.1 <1.0 <1.0 1.1 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

Ethyl Acetate ppbv -- -- -- 250 8.4 2.2 3.7 <1.0 3.2 1 12 1.3 1.3 1.7 <0.8

Choroform ppbv 30.6 61.4 4.3 100 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

Tetrahydrofuran ppbv -- -- -- 92 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

1,2-Dichloroethane ppbv -- 98.8 -- 4,300 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

1,1,1-Trichloroethane ppbv 92.1 183 12,463 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

Benzene ppbv 0.94 0.94 8.5 470 <1.0 1 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 1 1.2 <0.8

Carbon Tetrachloride ppbv 3.16 6.4 302` 1,680 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

Cyclohexane ppbv -- -- -- 520 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

1,2-Dichloropropane ppbv -- -- -- <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

Bromodichloromethane ppbv -- -- -- <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

1,4-Dioxane ppbv 417 833 833 800 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <0.8

Trichloroethylene (aka Trichloroethene) ppbv -- 112 -- 500 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 3.1 <0.8

2,2,4-Trimethylpentane (isooctane) ppbv -- -- -- <1.0 <1.0 <1.0 <1.0 1.6 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

Methyl Methacrylate ppbv -- -- -- 14 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

Heptane ppbv -- -- -- 410 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 0.9 <0.8 <0.8

cis-1,3-Dicholoropropene ppbv -- -- -- <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

trans-1,3-Dicholoropropene ppbv -- -- -- <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

1,1,2-Tricholoroethane ppbv -- -- -- <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

Methyl isobutyl Ketone ppbv -- -- -- 30 <1.0 <1.0 <0.8 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 1.2 <0.8

Toluene ppbv 39.8 79.6 9,822 21 2.8 5.2 4.4 8.9 5.5 <0.8 3.4 <0.8 13 10 1.3

Methyl Butyl Ketone ppbv -- -- -- 24 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 1.4 <0.8 <0.8

Dibromocholoromethane ppbv -- -- -- <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

1,2-Dibromoethane ppbv -- 0.1 -- <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

Tetrachloroethylene (aka Perchloroethylene) ppbv 2.6 5.2 2949 8.1 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

Chlorobenzene ppbv 108 217.1 -- 87 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

Ethylbenzene ppbv 230 460 -- 2 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

m & p-Xylene ppbv 80.6 161 5,065 12 <2.0 <2.0 <2.0 2.8 <1.6 <1.6 <1.6 <1.6 <1.6 <1.6 <1.6

Bromoform ppbv -- -- -- 190 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

Styrene ppbv 106 21.2 4,928 2.8 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

1,1,2,2-Tetracholoroethane ppbv -- -- -- 233 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

o-Xylene ppbv 80.6 161 5,065 12 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

AM 07/27, 2018

Sample Description

Sampling Time: ~24 hrs: AM 06/21-

AM 06/22, 2018

Before Window Replacement Before Window Replacement
Sample ID: Home 2018-04 Sample ID: 2018-05

Sampling Time: ~ 24 hrs: AM 07/26-

AM 06/22, 2018

Sampling Time: ~24 hrs: AM 05/21-

Before Window Replacement Before Window Replacement Before Window Replacement

ResultResult

Indoors/ West 

window

Indoors/ East 

Window

Result ResultResult

Ltd Indoor Air Quality (IAQ) Evaluations: Replacement Acoustical Window Off-Gassing Sampling and Analysis - 2018 

Sample Description

(Target CREL 

VOCs Sample ID: Home 2018-02Sample ID: Home 2018-01

Sampling Time: ~24 hrs: AM 05/21-

Sample ID: Home 2018-03

Sampling Time: ~24 hrs: AM 06/21-

AM 05/22/2018AM 05/22/2018



TABLE 1 - Before Window Replacement
LEED:

Chronic
Reference Acute Reference 

(MACs)) Exposure Levels Exposure Levels Odor 

ppbv ppbv ppbv Threshold

Parameter Method Units Ca OEHHA(a) Ca OEHHA(b) Ca OEHHA(b) ppbv (c)

AM 07/27, 2018

Sample Description

Sampling Time: ~24 hrs: AM 06/21-

AM 06/22, 2018

Before Window Replacement Before Window Replacement
Sample ID: Home 2018-04 Sample ID: 2018-05

Sampling Time: ~ 24 hrs: AM 07/26-

AM 06/22, 2018

Sampling Time: ~24 hrs: AM 05/21-

Before Window Replacement Before Window Replacement Before Window Replacement

ResultResultResult ResultResult

Sample Description

(Target CREL 

VOCs Sample ID: Home 2018-02Sample ID: Home 2018-01

Sampling Time: ~24 hrs: AM 05/21-

Sample ID: Home 2018-03

Sampling Time: ~24 hrs: AM 06/21-

AM 05/22/2018AM 05/22/2018

Nonane ppbv -- -- -- 2300 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

Cumene ppbv -- -- -- 8 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

2-Chorotoluene ppbv -- -- -- 180 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

n-Propylbenzene ppbv -- -- -- <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

4-Ethyltoluene ppbv -- -- -- <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

1,3,5-Trimethylbenzene ppbv -- -- -- <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

1,2,4-Trimethylbenzene ppbv -- -- -- <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

Benzyl Choride ppbv -- -- 240 41 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

1,3-Dichlorobenzene ppbv -- -- -- <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

1,4-Dichlorobenzene ppbv 66.4 133 -- 121 35 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

1,2-Dichlorobenzene ppbv -- -- -- 20 <1.0 <1.0 <1.0 <1.0 <0.8 <0.8 <0.8 1.9 <0.8 <0.8 <0.8

Napthalene ppbv 0.86 1.7 -- 1.9 1.9 <1.0 2.3 <1.0 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8 <0.8

TICs (Tentatively Identified Compounds)

Ethane, 1,1-diflouro-Isobutane ppbv-est. 240 no volatiles found no volatiles found no volatiles found no volatiles found no volatiles found

Isobutane ppbv-est. - - 48 -- - - 10 52 17 18 -

,alpha.-Pinene ppbv-est. 6 5.8 -- 15

Unknown Hydrocarbon Compound 1 (RT 17.97) ppbv-est. 89 --

D-Limonene ppbv-est. 1.8 12 --

Unknown Compound (RT 18.56) ppbv-est. 8.5 --

Nonane, 2,2,4,4,6,8,8-heptamethyl- ppbv-est. 8.9 --

TO-17 EPA TO-17

2-Methoxyethanol ppbv 9.6 19.2 29.9 <96 ND (0.019) ND (0.020) ND (0.021) ND (0.020) ND (0.022) ND (0.022) ND (0.021) ns (e) ND (0.052) ns ND (0.023)

1-Methoxy-2-propanol ppbv 949 - 1,900 8390 0.07 0.025 0.039 0.025 0.034 ND (0.019) 0.16 ns (e) ND (0.044) ns ND (0.019)

Ethylene Glycol ppbv 76.0 - 157 5120 ND (0.12) ND (0.12) ND (0.13) ND (0.12) ND (0.13) ND (0.14) ND (0.13) ns (e) ND (0.32) ns ND (0.14)

2-Ethoxyethanol ppbv 9.5 18.9 100 300 0.055 ND (0.017) 0.043 ND (0.017) 0.039 ND (0.019) ND (0.018) ns (e) ND (0.044) ns ND (0.019)

Epichlorohydrin ppbv 0.40 0.8 344 80 ND (0.016) ND (0.017) ND(0.017) ND (0.017) ND (0.018) ND (0.018) ND (0.017) ns (e) ND (0.043) ns ND (0.019)

N, N-Dimethylformamide ppbv 16.2 26.8 - 100,000 1.1 ND (0.021) 0.25 ND (0.021) 0.98 ND (0.023) 0.6 ns (e) ND (0.055) ns ND (0.024)

2-Methoxyethyl Acetate ppbv 9.3 18.6 - 330 ND (0.013) ND (0.013) ND (0.013) ND (0.013) ND (0.014) ND (0.014) ND (0.13) ns (e) ND (0.034) ns ND (0.015)

2-Ethoxyethyl Acetate ppbv 27.7 55.5 25.9 48 ND (0.011) ND (0.012) ND (0.012) ND (0.012) ND (0.013) ND (0.013) ND (0.012) ns (e) ND (0.030) ns ND (0.013)

Phenol ppbv 26.0 52 1,507 4.5 0.12 0.08 0.36 ND (0.016) 0.24 0.48 0.48 ns (e) 0.26 ns 0.18

Isophorone ppbv 177 354 47 ND (0.011) ND (0.011) 0.015 ND (0.011) ND (0.012) 0.016 ND (0.011) ns (e) ND (0.029) ns ND (0.012)

TICs (Tentatively Identified Compounds): All ugs/m3

Propylene Glycol ug/m3 0.68

n-Butyl Acetate ug/m3 0.51 see 2018-02/outdoors 0.79 1.1

2-Butoxyethanol ug/m3 0.59 see 2018-02/outdoors 0.5 0.66 0.7 0.55

2,2-Dimethyl-1,3-dioxane-4-methanol ug/m3 1.8

C12 Alkane ug/m3 2.4

Dichlorobenzene Isomer ug/m3 4.6

C12 Alkane ug/m3 0.56

d-Limonene ug/m3 2.5 2.7 3.8 11

Linalool ug/m3 1.3 5.6

unknown hydrocarbon RT 11.88 ug/m3 3.4

Camphor ug/m3 0.54 3.3

phenylmethyl ester acetic acid ug/m3 0.79

RT 12.39 ug/m3 0.84

1-Butoxy-2-propanol ug/m3 2.2 0.3

Methyl salicylate ug/m3 1

unknown hydrocarbon RT 13.63 ug/m3 1.3

unknown ug/m3 0.62

C14 Alkane ug/m3 2.2

C14 Alkane ug/m3 1

RT 14.13 ug/m3 1.1

Heptanal ug/m3 0.44

Toluene ug/m3 see 2018-02/outdoors 3 3.8 0.45 3.6 0.7

n-Hexanal ug/m3 2.8 1.3 1.7 3.6

Furfural ug/m3 1 0.46 2.6

m,p-Xylene ug/m3 see 2018-02/outdoors 1.1 3.3 2.7 0.68

Benzaldehyde ug/m3 1.7 0.9 1.1 1.1 see 2018-03/outdoors 3.3 1.5

2-(2-Ethoxyethoxy) Ethanol ug/m3 2.9

n-Octanal ug/m3 0.73 0.45 0.7

2-Ethyl-1-hexanol ug/m3 0.96 0.64 0.73 2.5

unknown hydrocarbon RT 11.17 ug/m3 0.76

unknown hydrocarbon RT 11.45 ug/m3 2.9

unknown hydrocarbon RT 11.62 ug/m3 5.6



TABLE 1 - Before Window Replacement
LEED:

Chronic
Reference Acute Reference 

(MACs)) Exposure Levels Exposure Levels Odor 

ppbv ppbv ppbv Threshold

Parameter Method Units Ca OEHHA(a) Ca OEHHA(b) Ca OEHHA(b) ppbv (c)

AM 07/27, 2018

Sample Description

Sampling Time: ~24 hrs: AM 06/21-

AM 06/22, 2018

Before Window Replacement Before Window Replacement
Sample ID: Home 2018-04 Sample ID: 2018-05

Sampling Time: ~ 24 hrs: AM 07/26-

AM 06/22, 2018

Sampling Time: ~24 hrs: AM 05/21-

Before Window Replacement Before Window Replacement Before Window Replacement

ResultResultResult ResultResult

Sample Description

(Target CREL 

VOCs Sample ID: Home 2018-02Sample ID: Home 2018-01

Sampling Time: ~24 hrs: AM 05/21-

Sample ID: Home 2018-03

Sampling Time: ~24 hrs: AM 06/21-

AM 05/22/2018AM 05/22/2018

unknown hydrocarbon RT 12.56 ug/m3 8.9

unknown RT 13.54 ug/m3 2.8

Methyl salicylate ug/m3 10

Nonanoic acid ug/m3 0.7

unknown hydrocarbon RT 13.63 ug/m3 3.1

butyl ester butanoic ug/m3 0.86

n-Tetradecane ug/m3 0.84 36

unknown hyrocarbon RT 14.29 ug/m3 0.48

unknown hyrocarbon RT 15.03 ug/m3 15

unknown hydrocarbon RT 15.75 ug/m3 1.5 0.7 0.79 0.7 see 2018-03/outdoors

unknown RT 15.66 ug/m3 0.3

unknown hydrocarbon RT 16.16 ug/m3

unknown hydrocarbon RT 16.28 ug/m3 1

n-Heptane ug/m3 see 2018-02/outdoors 0.5

n-Octane ug/m3 see 2018-02/outdoors 0.49

Ethylbenzene ug/m3 see 2018-02/outdoors 1.1 0.31 see 2018-03/outdoors

o-Xylene ug/m3 see 2018-02/outdoors 1.4 0.23 see 2018-03/outdoors

n-Nonane ug/m3 see 2018-02/outdoors 0.67 0.32

C11 Alkane ug/m3 see 2018-02/outdoors 0.42

Acetophenone ug/m3 see 2018-02/outdoors 1.4 1.4 see 2018-03/outdoors 1.3

Trimethylbenzene Isomer ug/m3 see 2018-02/outdoors 1.8

Dichlorobenzene ug/m3 see 2018-02/outdoors 0.45 0.85 0.25

p-Isopropyltoluene ug/m3 see 2018-02/outdoors 0.37

n-Undecane ug/m3 see 2018-02/outdoors 0.53 1.3 0.74

unknown siloxane ug/m3 see 2018-02/outdoors 1.1 4.2 0.98 see 2018-03/outdoors

n-Dodecane ug/m3 see 2018-02/outdoors 0.41 0.74

Naphthalene ug/m3 see 2018-02/outdoors 4.1 0.58 1.5 2.9 0.29

n-Tridecane ug/m3 see 2018-02/outdoors 0.38 0.76

Methylnaphthalene Isomer ug/m3 see 2018-02/outdoors 0.55 1.1

2-(2-Butoxyethoxy) Ethanol ug/m3 1.1

Heptadecane ug/m3 0.41 4.8

Unknown RT 2.39 ug/m3 1.3 see 2018-03/outdoors

n-Nonanal ug/m3 1.4 0.92 2.6 see 2018-03/outdoors 5.2

Formic Acid ug/m3 1.3 see 2018-03/outdoors

Acetic Acid ug/m3 1.6 see 2018-03/outdoors

Hexanoic Acid ug/m3 0.96 see 2018-03/outdoors

Benzoic Acid ug/m3 1.5 see 2018-03/outdoors 8.5

n-Decanal ug/m3 1.3 see 2018-03/outdoors

unknown hydrocarbon RT 13.20 ug/m3 1 see 2018-03/outdoors

unknown hydrocarbon RT 15.86 ug/m3 1.2 see 2018-03/outdoors

Benzophenone ug/m3 1 see 2018-03/outdoors

unknown hydrocarbon RT 16.36 ug/m3 0.89 0.69 see 2018-03/outdoors

unknown hydrocarbon RT 16.76 ug/m3 0.75 see 2018-03/outdoors

unknown hydrocarbon RT 17.07 ug/m3 0.73 see 2018-03/outdoors

unknown hydrocarbon RT 17.75 ug/m3 0.98 see 2018-03/outdoors

unknown RT 18.08 ug/m3 0.95 see 2018-03/outdoors

unknown hydrocarbon RT 18.68 ug/m3 36 see 2018-03/outdoors

Levomenthol ug/m3 1 3.3

unknown siloxane 11.97 ug/m3 0.76

unknown siloxane 12.85 ug/m3 1.5

unknown siloxane 14.18 ug/m3 1.5

3-methylpentane ug/m3 2.1

2-Butananone (MEK) ug/m3 3.6

Benzene ug/m3 4.2

hexamethylcyclotrisiloxane ug/m3 5.6

Benzenecarbothioic acid ug/m3 0.82

Benzoformic acid ug/m3 0.59

Phenylformic acid ug/m3 1.1

Acetaldehyde

mod OSHA 

1007; HPLC/UV ppbv 38.9 77.8 261 2 <2 <2 <2 <2 see home 04 <2 <2 <2 ns <2

Formaldehyde

mod OSHA 

1007; HPLC/UV ppbv IDPH IDPH IDPH 37 2 19 2 54 see home 04 31 4 27 ns 2

Hydrogen Sulfide wet SOP13 ppb 7.1 0.04 ns ns ns ns ns ns <8.7 <8.8 <8.8 <8.8 <8.8

ppbv - parts per billion by volume

ppbv - est. - parts per billion by volume (result is estimated)

ug/m3 - micrograms/cubic meter (mass per air volume)

Bolded values= those with detectable levels

NSTD = No Standard

ND = Not Detectable

NA = Not Applicable       ns 

= Not Sampled

(d) Illinois Department of Public Health "Guidelines for Indoor Air Quality"

(e) No sample- equipment failure/heavy rains

IDPH Formaldehyde Standard: 30 ppb (d)

(a) California Office of Environmental Health Hazard Assessment (Ca OEHHA) Chronic Reference Exposure Level (ch RELs / Inhalation RELs); Maximum Allowable 

Level Concentrations; CDPH/EHLB Standard Method V1.2 (January 2017) Table 4-1.

(b) California Office of Environmental Health Hazard Assessment (Ca OEHHA) Chronic Reference Exposure Level (ch RELs / Inhalation RELs); "Chronic RELs are 

designed to address continuous exposures for up to a lifetime: the exposure metric used is the annual average exposure."

(c) Journal of the Air Pollution Control Association, February 1969, Vol. 19/No.2, pages 94/95.



City of Chicago Department of Aviation

TABLE 2 - After Window Replacement

Target CREL VOCs

Chronic 

Reference Acute Reference 

(MACs) Exposure Levels Exposure Levels Odor 

ppbv ppbv ppbv Threshold

Parameter Method Units Ca OEHHA(a) Ca OEHHA(b) Ca OEHHA(b) ppbv ©

TO-15 (1 L SUMMA);  Bolded = Parameters with 1 

or more detectable indoor concentrations:  EPA TO-15; GC/MS Indoors Outdoors Indoors Outdoors Indoors Outdoors

Indoors- West 

Bedroom 

Indoors-Kitchen 

(east) Outdoors

Propylene ppbv -- 1,742 -- 10,100 16 <5.0 5.9 <5.0 31 <5.0 58 60 <5.0

Freon-12 ppbv -- -- -- 199,000,000 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 0.8

Chloromethane ppbv -- -- -- 10,000 1 0.8 0.9 <1.0 0.9 <0.8 <0.8 <0.88 <0.8

Freon-114 ppbv -- -- -- <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Vinyl Chloride ppbv -- na 70,529 203,000 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

1,3-Butadiene ppbv -- 0.9 298 99 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 1.6 5.9 <0.8

n-Butane ppbv -- -- -- 421 8.6 1.2 3.7 1.8 37 1 40 41 1.2

Bromomethane (aka methyl bromide) ppbv -- 1.3 1,004 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Chloroethane ppbv -- 11,372 -- 2,700 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Ethanol ppbv -- -- -- 90 920 17 240 15 350 9.1 290 310 7.4

Acetonitrile ppbv -- -- -- 13,000 13 24 16 14 6.3 6.1 6.7 18 17

Vinyl Bromide ppbv -- -- -- <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Acrolein ppbv -- 0.15 1.1 3.6 1.7 <0.8 2.7 <1.0 1.9 <0.8 1.4 1.7 <0.8

Acetone ppbv -- -- -- 40 86 35 67 23 76 9.7 30 33 12

Freon-11 ppbv -- -- -- <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Isopropyl Alcohol ppbv 1,423 2,845 1,302 1,000 30 <5.0 69 <5.0 150 <5.0 18 16 7.2

Acrylonitrile ppbv -- 2.3 -- 1,600 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Pentane ppbv -- -- -- 1,290 9.1 7 16 7.3 2.5 0.9 3.1 3.9 1.1

Ethyl Bromide ppbv -- -- -- 2,700 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

1,1 -Dichloroethene ppbv 8.8 18.3 -- 50,000 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

tert-Butyl Alcohol ppbv -- -- -- 3,000 <5.0 <5.0 <5.0 <1.0 <5.0 <5.0 <5.0 <5.0 <5.0

Methylene Chloride ppbv 57.6 115 4,032 1,200 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Freon-113 ppbv -- -- -- <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Carbon Disulfide ppbv 128.4 257 1,992 16 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0

Allyl Choride ppbv -- -- -- 480 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

trans-1,2-Dichloroethene ppbv -- -- -- 277,000 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

1,1-Dichloroethane ppbv -- -- -- 49,000 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Methyl tert-butyl Ether (MTBE) ppbv 1,108 2,223 -- - <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Vinyl Acetate ppbv 28.4 56.8 -- 120 2.1 1.1 1.8 <1.0 1.4 <0.8 <0.8 <0.88 <0.8

Methyl Ethyl ketone (MEK-aka 2-Butanone) ppbv -- -- 1,804 70 330 <0.8 170 <1.0 35 0.8 140 140 1.0

cis-1,2-Dichloroethylene ppbv -- -- -- 277,000 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Hexane ppbv 986 -- 1,985 139 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Ethyl Acetate ppbv -- -- -- 250 11 4.6 13 <1.0 10 1.3 14 18 3.0

Choroform ppbv 30.6 61.4 4.3 100 <0.8 <0.8 <0.8 <1.0 1.3 <0.8 <0.8 <0.88 <0.8

Tetrahydrofuran ppbv -- -- -- 92 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

1,2-Dichloroethane ppbv -- 98.8 -- 4,300 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

1,1,1-Trichloroethane ppbv 92.1 183 12,463 <0.8 <0.8 <1.0 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Benzene ppbv 0.94 0.94 8.5 470 <0.8 <0.8 1 <1.0 <0.8 <0.8 1.2 1.3 <0.8

Carbon Tetrachloride ppbv 3.16 6.4 302` 1,680 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Cyclohexane ppbv -- -- -- 520 <0.8 <0.8 1.4 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

1,2-Dichloropropane ppbv -- -- -- <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Bromodichloromethane ppbv -- -- -- <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

1,4-Dioxane ppbv 417 833 833 800 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <0.8

Trichloroethylene (aka Trichloroethene) ppbv -- 112 -- 500 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 3.1 1

2,2,4-Trimethylpentane (isooctane) ppbv -- -- -- <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Methyl Methacrylate ppbv -- -- -- 14 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Heptane ppbv -- -- -- 410 <0.8 <0.8 1.4 <1.0 <0.8 <0.8 0.9 <0.88 <0.8

cis-1,3-Dicholoropropene ppbv -- -- -- <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

trans-1,3-Dicholoropropene ppbv -- -- -- <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

1,1,2-Tricholoroethane ppbv -- -- -- <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Methyl isobutyl Ketone ppbv -- -- -- <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Toluene ppbv 39.8 79.6 9,822 21 50 10 30 8.9 2.5 1.2 5.1 7.7 3.3

Methyl Butyl Ketone ppbv -- -- -- 24 <1.0 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Dibromocholoromethane ppbv -- -- -- <1.0 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

1,2-Dibromoethane ppbv -- 0.1 -- <1.0 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Tetrachloroethylene (aka Perchloroethylene) ppbv 2.6 5.2 2949 8.1 <1.0 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Chlorobenzene ppbv 108 217.1 -- 87 <1.0 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Ethylbenzene ppbv 230 460 -- 2 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

m & p-Xylene ppbv 80.6 161 5,065 12 <1.6 <1.6 1.7 2.8 <1.6 <1.6 <1.6 <1.8 <1.6

Bromoform ppbv -- -- -- 190 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Styrene ppbv 106 21.2 4,928 2.8 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

1,1,2,2-Tetracholoroethane ppbv -- -- -- 233 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

o-Xylene ppbv 80.6 161 5,065 12 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Sample ID: Home 2018-01

Sampling Time: ~24 hrs: AM 05/31-

Result

AM 06/01/2018AM 06/01/2018

Result

Sample ID: Home 2018-02

Sampling Time: ~24 hrs: AM 05/31-

ResultResult

Sample ID: Home 2018-04    

Sampling Time: ~24 hrs: AM -07/11-

AM 07/12/ 2018

Sample Description Sample Description

After Window Replacement After Window Replacement After Window Replacement After Window Replacement

Sample ID: 2018-05

Sampling Time: ~ 24 hrs: AM 08/07-

AM 08/08, 2018

Ltd Indoor Air Quality (IAQ) Evaluations: Replacement Acoustical Window Off-Gassing Sampling and Analysis - 2018 



TABLE 2 - After Window Replacement

Target CREL VOCs

Chronic 

Reference Acute Reference 

(MACs) Exposure Levels Exposure Levels Odor 

ppbv ppbv ppbv Threshold

Parameter Method Units Ca OEHHA(a) Ca OEHHA(b) Ca OEHHA(b) ppbv ©

Sample ID: Home 2018-01

Sampling Time: ~24 hrs: AM 05/31-

Result

AM 06/01/2018AM 06/01/2018

Result

Sample ID: Home 2018-02

Sampling Time: ~24 hrs: AM 05/31-

ResultResult

Sample ID: Home 2018-04    

Sampling Time: ~24 hrs: AM -07/11-

AM 07/12/ 2018

Sample Description Sample Description

After Window Replacement After Window Replacement After Window Replacement After Window Replacement

Sample ID: 2018-05

Sampling Time: ~ 24 hrs: AM 08/07-

AM 08/08, 2018

Nonane ppbv -- -- -- 2300 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Cumene ppbv -- -- -- 8 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

2-Chorotoluene ppbv -- -- -- 180 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

n-Propylbenzene ppbv -- -- -- <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

4-Ethyltoluene ppbv -- -- -- <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

1,3,5-Trimethylbenzene ppbv -- -- -- <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

1,2,4-Trimethylbenzene ppbv -- -- -- <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Benzyl Choride ppbv -- -- 240 41 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

1,3-Dichlorobenzene ppbv -- -- -- <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

1,4-Dichlorobenzene ppbv 66.4 133 -- 121 26 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

1,2-Dichlorobenzene ppbv -- -- -- 20 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

Napthalene ppbv 0.86 1.7 -- 1.9 <0.8 <0.8 <0.8 <1.0 <0.8 <0.8 <0.8 <0.88 <0.8

TICs (Tentatively Identified Compounds)

Ethane, 1,1-diflouro- ppbv-est. 270 no volatiles found no volatiles found no volatiles found 5.1

Isobutane ppbv-est. 56 7.4 - 18 23 25

,alpha.-Pinene ppbv-est. 6

Unknown Hydrocarbon Compound 1 (RT 17.97) ppbv-est. -- 7.8

d-Limonene ppbv-est. 9.2 8.4

Unknown Compound (RT 18.56) ppbv-est. 8.5

Nonane, 2,2,4,4,6,8,8-heptamethyl- ppbv-est. 8.9

Acetaldehyde 7.4

Unknown Hydrocarbon Compound 1 (RT 17.93) ppbv-est. 46

Unknown Hydrocarbon Compound 2 (RT 18.52) ppbv-est. 6.8

Unknown Oxygenated Compound (RT 13.38) ppbv-est. --

Unknown Hydrocarbon Compound 1 (RT 7.8) ppbv-est. --

TO-17 (SUMMA 6) EPA TO-17

2-Methoxyethanol ppbv 9.6 19.2 29.9 - ND (0.021) ND (0.021) ND (0.021) ND (0.022) ND (0.022) ns (g)
0.13 ns ns

1-Methoxy-2-propanol ppbv 949 - 1,900 - ND (0.018) ND (0.018) 0.023 ND (0.018) 0.65 ns (g)
ND (0.017) ns ns

Ethylene Glycol ppbv 76.0 - 157 - ND (0.13) ND (0.13) ND (0.13) ND (0.13) ND (0.13) ns (g)
ND (0.13) ns ns

2-Ethoxyethanol ppbv 9.5 18.9 100 - 0.019 ND (0.018) 0.028 ND (0.018) ND (0.018) ns (g)
ND (0.017) ns ns

Epichlorohydrin ppbv 0.40 0.8 344 - ND (0.017) ND (0.018) ND(0.017) ND (0.018) 0.16 ns (g)
ND (0.017) ns ns

N, N-Dimethylformamide ppbv 16.2 26.8 - 100,000 0.46 ND (0.022) 0.069 ND (0.023) ND (0.022) ns (g)
ND (0.021) ns ns

2-Methoxyethyl Acetate ppbv 9.3 18.6 - - ND (0.014) ND (0.014) ND (0.014) ND (0.014) ND (0.014) ns (g)
ND (0.013) ns ns

2-Ethoxyethyl Acetate ppbv 27.7 55.5 25.9 - ND (0.012) ND (0.012) ND (0.012) ND (0.013) ND (0.012) ns (g)
ND (0.012) ns ns

Phenol ppbv 26.0 52 1,507 4.5 0.42 0.2 0.49 0.18 0.67 ns (g)
0.48 ns ns

Isophorone ppbv 177 354 0.3 ND (0.012) ND (0.012) 0.013 ND (0.012) ND (0.012) ns (g)
0.013 ns ns

TICs (Tentatively Identified Compounds):   All ugs/m3 (micrograms/cubic meter)

n-Butyl Acetate ug/m3 0.13 2.9 ns ns(g)

2-Butoxyethanol ug/m3 80 0.89 0.23 0.26 2

d-Limonene ug/m3 1.8 4.6 0.9 26 6.8

Linalool ug/m3 6

unknown hydrocarbon RT RT 9.04 ug/m3 3.3

unknown hydrocarbon RT 11.57 ug/m3 2.5

unknown hydrocarbon RT 11.88/11.85 ug/m3 2.4

Camphor ug/m3 2.6 0.28

Methyl salicylate ug/m3 2.2 1.4

Toluene ug/m3 26 2.2 1.2 0.92 1.1 1.5 3.8

n-Hexanal ug/m3 4.5 0.54 5.8

Furfural ug/m3 2 0.33

m,p-Xylene ug/m3 12 1 0.93 1.6 4.3

Benzaldehyde ug/m3 <1.5 1.7 0.39 1.5 4.5 2.2 3.8

2-(2-Ethoxyethoxy Ethanol ug/m3 2.4

2-Ethyl-1-hexanol ug/m3 0.23 3.8

unknown hydrocarbon RT 11.44/11.45 ug/m3 0.22

unknown hydrocarbon RT 12.54 ug/m3 0.34

n-Tetradecane ug/m3 0.33

unknown hyrocarbon RT 15.03 ug/m3

unknown hydrocarbon RT 15.75 ug/m3 0.34 0.93

unknown hydrocarbon RT 16.16 ug/m3

Ethylbenzene ug/m3 <2 0.35 0.36 0.57

o-Xylene ug/m3 140 0.43 0.41 0.6



TABLE 2 - After Window Replacement

Target CREL VOCs

Chronic 

Reference Acute Reference 

(MACs) Exposure Levels Exposure Levels Odor 

ppbv ppbv ppbv Threshold

Parameter Method Units Ca OEHHA(a) Ca OEHHA(b) Ca OEHHA(b) ppbv ©

Sample ID: Home 2018-01

Sampling Time: ~24 hrs: AM 05/31-

Result

AM 06/01/2018AM 06/01/2018

Result

Sample ID: Home 2018-02

Sampling Time: ~24 hrs: AM 05/31-

ResultResult

Sample ID: Home 2018-04    

Sampling Time: ~24 hrs: AM -07/11-

AM 07/12/ 2018

Sample Description Sample Description

After Window Replacement After Window Replacement After Window Replacement After Window Replacement

Sample ID: 2018-05

Sampling Time: ~ 24 hrs: AM 08/07-

AM 08/08, 2018

n-Nonane ug/m3 2300 0.22

Acetophenone ug/m3 0.24 1.5 1.2 1.7

Trimethylbenzene Isomer ug/m3 6 0.68 0.63 0.86

Dichlorobenzene ug/m3 20 6.8 0.37

n-Undecane ug/m3 0.2 0.29

n-Dodecane ug/m3 5.8

Naphthalene ug/m3 1.3 1.2 1.2 5.1 0.48

2-(2-Butoxyethoxy) Ethanol ug/m3 0.33 5.5

n-Nonanal ug/m3 0.37 0.84 0.39 9.2 0.54

Acetic Acid ug/m3 0.4 0.29 0.25

Benzoic cid ug/m3 14 11 12

unknown hydrocarbon RT 18.68/18.69 ug/m3 5

unknown hydrocarbon RT 18.72 ug/m3 6.4

Levomenthol ug/m3 2.8 1.2 4.3

unknown siloxane 11.88/11.89/11.90 ug/m3 3.7 0.72 0.54 21 0.48

unknown siloxane 13.54/13.55 ug/m3 1.1 0.39 1.2

2-Butanone (MEK) ug/m3 70 0.33 5.5

hexamethylcyclotrisiloxane ug/m3 1

Benzenecarbothioic acid ug/m3 0.26 0.82

Benzoylformic acid ug/m3 0.29

oxime 2-butanone ug/m3 5.8 9.5

Ethyl Butyrate ug/m3 1.1

3-methyl 1-butanol acetate ug/m3 0.95 0.23 6.1

phenylmethyl ester acetic acid ug/m3 2

Isobornyl acetate ug/m3 1.5 0.68

butyl ester butanoic acid ug/m3 1.2 0.22

Vinyl benzoate ug/m3 0.33

2,2,4,4,6,8,8-Heptamethylnonane ug/m3 0.33

Benzoyl isothiocynate ug/m3 1.1 0.88

Phenylmaleic anhydride ug/m3 1.5 1.3 1.6

2,6-Dimethyl-7-octen-2-ol ug/m3 5.7

C11 Alkane ug/m3 6.3

Octamethylcyclotetraailoxane ug/m3 4.3

Unidentified Siloxane 13.55 ug/m3 9.6

Unidentified ug/m3 3.8

Unidentified Siloxane 14.17/14.14 ug/m3 1.9 6.3

Unidentified Siloxane 14.83 ug/m3 6.7

Texanol Isobutyrate ug/m3 4.9 0.3

2,3-Benzofurandione ug/m3 0.25

Phenyl Benzoate ug/m3 0.72

unknown siloxane 12.15 ug/m3 27

unknown hydrocarbon 13.50 ug/m3 2.2

unknown siloxane 13.79 ug/m3 13

unknown hydrocarbon 14.40 ug/m3 3.1

unknown hydrocarbon 14.55 ug/m3 3.1

unknown hydrocarbon 14.67 ug/m3 23

unknown siloxane 15.06 ug/m3 4.1

n-Pentadecane ug/m3 10

unknown nydrocrbon RT 11.18 ug/m3 0.99

unknown nydrocrbon RT 13.82 ug/m3 0.97

unknown nydrocrbon RT 13.91 ug/m3 2.7

n-Decane ug/m3 3

Hexadecane ug/m3 4.7

Acetaldehyde ppbv 38.9 77.8 210 <2 <2 <2 <2 <2 <2 <2 ns <2

Formaldehyde ppbv IDPH IDPH 1,000 19 4 18 3 28 3 19 ns 4

Hydrogen Sulfide wet SOP13 ppb 7.1 0.04 ns ns ns ns ns ns <8.7 <8.7 <8.8

NA = Not Applicable

(d) Illinois Department of Public Health "Guidelines for Indoor Air Quality"

(g) No sample- equipment failure/heavy rains

NSTD = No Standard

ND = Not Detectable

(b) California Office of Environmental Health Hazard Assessment (Ca OEHHA) Chronic Reference Exposure Level (ch RELs / Inhalation RELs); "Chronic RELs are designed to address continuous 

exposures for up to a lifetime: the exposure metric used is the annual average exposure."

(c) American Industrial Hygiene Association, 2013.  Odor Thresholds for Chemicals with Established Health Standards, 2nd Edition.

(a) California Office of Environmental Health Hazard Assessment (Ca OEHHA) Chronic Reference Exposure Level (ch RELs / Inhalation RELs); Maximum Allowable Level Concentrations; CDPH/EHLB 

Standard Method V1.2 (January 2017) Table 4-1.

IDPH Formaldehyde Standard: 30 ppb (d)



City of Chicago Department of Aviation

TABLE 3 - Before -After Window Replacement-Comparison

LEED: 

(Target CREL 

VOCs Chronic Reference Acute Reference 

~24 hrs: AM 

05/21-

~24 hrs: AM 

05/31- ~24 hrs: AM 05/21-

~24 hrs: AM 

05/31-

~24 hrs: AM 

06/21- ~24 hrs: AM    06/ 21- ~24 hrs: AM 07/11- ~ 24 hrs: AM 07/26- ~24 hrs: AM 08/07- ~ 24 hrs: AM 07/26- ~24 hrs: AM 08/07-

(MACs)) Exposure Levels Exposure Levels Odor AM 05/22/2018 AM 06/01/2018 Change AM 05/22/2018 AM 06/01/2018 Change AM 06/22, 2018 Change AM June 22, 2018 AM 07/12, 2018 Change AM 07/27, 2018 AM 08/08/2018 Change AM July 27, 2018 AM 08/08/2018 Change

ppbv ppbv ppbv Threshold

Parameter Method Units Ca OEHHA(a) Ca OEHHA(b) Ca OEHHA(b) ppbv (c)

TO-15 (1 L SUMMA)

 EPA TO-15; 

GC/MS

Before Window 

Replacement

After Window 

Replacement

Difference (B4 

to After)

Before Window 

Replacement

After Window 

Replacement

Difference (B4 to 

After)

Before Window 

Replacement

After Window 

Replacement

Before Window 

Replacement

After Window 

Replacement

Difference (B4 to 

After)

Before Window 

Replacement

After Window 

Replacement

Difference (B4 to 

After)

Before Window 

Replacement

After Window 

Replacement

Difference (B4 to 

After)

Propylene ppbv -- 1,742 -- 10100 16 16 0 <5.0 5.9 0.9 11 ns 20 31 11 34 58 24 37 60 23

Freon-12 ppbv -- -- -- 199,000,00 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Chloromethane ppbv -- -- -- 10,000 1 1 0 <1.0 0.9 0.1 <0.8 ns <0.8 0.9 <0.9 <0.8 <0.8 <0.8 <0.88

Freon-114 ppbv -- -- -- <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Vinyl Chloride ppbv -- na 70,529 203,000 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

1,3-Butadiene ppbv -- 0.9 298 99 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 1.6 <1.6 <0.8 5.9 <5.9

n-Butane ppbv -- -- -- 421 8.9 8.6 -0.3 3.8 3.7 -0.1 8.2 ns 15 37 22 15 40 25 16 41 25

Bromomethane (aka methyl bromide) ppbv -- 1.3 1,004 421 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Chloroethane ppbv -- 11,372 -- 2,700 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Ethanol ppbv -- -- -- 90 980 920 -60 200 240 40 170 ns 170 350 180 100 290 190 98 310 212

Acetonitrile ppbv -- -- -- 13,000 20 13 -7 11 16 5 11 ns 18 6.3 -11.7 6.8 6.7 -0.1 6.8 18 11.2

Vinyl Bromide ppbv -- -- -- <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Acrolein ppbv -- 0.15 1.1 3.6 1.3 1.7 0.4 1.7 2.7 1 1.4 ns 1.1 1.9 0.8 1.5 1.4 -0.1 1.6 1.7 0.1

Acetone ppbv -- -- -- 40 130 86 -44 24 67 43 77 ns 38 76 38 25 30 5 26 33 7

Freon-11 ppbv -- -- -- <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Isoproyl Alcohol ppbv 1,423 2,845 1,302 1,000 33 30 -3 12 69 57 8.6 ns 19 150 131 12 18 6 12 16 4

Acrylonitrile ppbv -- 2.3 -- 1,600 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Pentane ppbv -- -- -- 1,290 2.2 9.1 6.9 1.6 16 14.4 3.2 ns 3.4 2.5 -0.9 3.8 3.1 -0.7 2.5 3.9 1.4

Ethyl Bromide ppbv -- -- -- 2,700 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

1,1 -Dichloroethene ppbv 8.8 18.3 -- 50,000 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

tert-Butyl Alcohol ppbv -- -- -- 3,000 1.3 <5.0 <1.0 <5.0 <5.0 ns <5.0 <5.0 <5.0 <5.0 <5.0 <5.0

Methylene Chloride ppbv 57.6 115 4,032 1,200 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Freon-113 ppbv -- -- -- <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Carbon Disulfide ppbv 128.4 257 1,992 16 <5.0 <5.0 <5.0 <5.0 <5.0 ns <5.0 <5.0 <5.0 <5.0 <5.0 <5.0

Allyl Choride ppbv -- -- -- 480 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

trans-1,2-Dichloroethene ppbv -- -- -- 277,000 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

1,1-Dichloroethane ppbv -- -- -- 49,000 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Methyl tert-butyl Ether (MTBE) ppbv 1,108 2,223 -- - <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Vinyl Acetate ppbv 28.4 56.8 -- 120 1.1 2.1 1 <1.0 1.8 <-1.8 1.2 ns 1.1 1.4 0.3 1 <0.8 <-1 3.2 <0.88 <-3.2

Methyl Ethyl Ketone (MEK-aka 2-Butanone) ppbv -- -- 1,804 70 <1.0 330 330 1.1 170 168.9 1.3 ns 1.6 35 33.4 <0.8 140 <0.8 140

cis-1,2-Dichloroethylene ppbv -- -- -- 277,000 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Hexane ppbv 986 -- 1,985 139 <1.0 <0.8 <1.0 <0.8 1.1 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Ethyl Acetate ppbv -- -- -- 250 8.4 11 2.6 3.7 13 9.3 3.2 ns 12 10 -2 1.3 14 12.7 1.7 18 16.3

Choroform ppbv 30.6 61.4 4.3 100 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 1.3 <1.3 <0.8 <0.8 <0.8 <0.88

Tetrahydrofuran ppbv -- -- -- 92 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

1,2-Dichloroethane ppbv -- 98.8 -- 4,300 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

1,1,1-Trichloroethane ppbv 92.1 183 12,463 970 <1.0 <0.8 <1.0 <1.0 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Benzene ppbv 0.94 0.94 8.5 470 <1.0 <0.8 <1.0 1 <0.8 ns <0.8 <0.8 1 1.2 0.2 1.2 1.3 0.1

Carbon Tetrachloride ppbv 3.16 6.4 302` 1,680 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Cyclohexane ppbv -- -- -- 520 <1.0 <0.8 <1.0 1.4 <-1.4 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

1,2-Dichloropropane ppbv -- -- -- <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Bromodichloromethane ppbv -- -- -- <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

1,4-Dioxane ppbv 417 833 833 800 <5.0 <5.0 <5.0 <5.0 <5.0 ns <5.0 <5.0 <5.0 <5.0 <5.0 <5.0

Trichloroethylene (aka Trichloroethene) ppbv -- 112 -- 500 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 3.1 3.1 0

2,2,4-Trimethylpentane (isooctane) ppbv -- -- -- <1.0 <0.8 <1.0 <0.8 1.6 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Methyl Methacrylate ppbv -- -- -- 14 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Heptane ppbv -- -- -- 410 <1.0 <0.8 <1.0 1.4 <-1.4 <0.8 ns <0.8 <0.8 0.9 0.9 0 <0.8 <0.88

cis-1,3-Dicholoropropene ppbv -- -- -- <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

trans-1,3-Dicholoropropene ppbv -- -- -- <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

1,1,2-Tricholoroethane ppbv -- -- -- <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Methyl isobutyl Ketone ppbv -- -- -- 30 <1.0 <0.8 <0.8 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 1.2 <0.88 <-1.2

Toluene ppbv 39.8 79.6 9,822 21 2.8 50 47.2 4.4 30 25.6 5.5 ns 3.4 2.5 -0.9 13 5.1 -7.9 10 7.7 -2.3

Methyl Butyl Ketone ppbv -- -- -- 24 <1.0 <1.0 <1.0 <0.8 <0.8 ns <0.8 <0.8 1.4 <0.8 <0.8 <0.88

Dibromochloromethane ppbv -- -- -- <1.0 <1.0 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

1,2-Dibromoethane ppbv -- 0.1 -- <1.0 <1.0 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Tetrachloroethylene (aka Perchloroethylene) ppbv 2.6 5.2 2949 8.1 <1.0 <1.0 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Chlorobenzene ppbv 108 217.1 -- 87 <1.0 <1.0 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Ethylbenzene ppbv 230 460 -- 2 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

m & p-Xylene ppbv 80.6 161 5,065 12 <2.0 <1.6 <2.0 1.7 <-0.3 <1.6 ns <1.6 <1.6 <1.6 <1.6 <1.6 <1.8

Bromoform ppbv -- -- -- 190 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Styrene ppbv 106 21.2 4,928 2.8 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

1,1,2,2-Tetracholoroethane ppbv -- -- -- 233 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

o-Xylene ppbv 80.6 161 5,065 12 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Nonane ppbv -- -- -- 2300 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Cumene ppbv -- -- -- 8 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

2-Chorotoluene ppbv -- -- -- 180 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Result

Sample ID: 2018-05

Result

Sample ID: Home 2018-04

Result

Ltd Indoor Air Quality (IAQ) Evaluations: Replacement Acoustical Window Off-Gassing Sampling and Analysis - 2018 

Sample ID: Home 2018-01

Result

Sample ID: Home 2018-02

Result

Sample Description

Sample ID: Home 2018-03



TABLE 3 - Before -After Window Replacement-Comparison

LEED: 

(Target CREL 

VOCs Chronic Reference Acute Reference 

~24 hrs: AM 

05/21-

~24 hrs: AM 

05/31- ~24 hrs: AM 05/21-

~24 hrs: AM 

05/31-

~24 hrs: AM 

06/21- ~24 hrs: AM    06/ 21- ~24 hrs: AM 07/11- ~ 24 hrs: AM 07/26- ~24 hrs: AM 08/07- ~ 24 hrs: AM 07/26- ~24 hrs: AM 08/07-

(MACs)) Exposure Levels Exposure Levels Odor AM 05/22/2018 AM 06/01/2018 Change AM 05/22/2018 AM 06/01/2018 Change AM 06/22, 2018 Change AM June 22, 2018 AM 07/12, 2018 Change AM 07/27, 2018 AM 08/08/2018 Change AM July 27, 2018 AM 08/08/2018 Change

ppbv ppbv ppbv Threshold

Parameter Method Units Ca OEHHA(a) Ca OEHHA(b) Ca OEHHA(b) ppbv (c) Result

Sample ID: 2018-05

Result

Sample ID: Home 2018-04

Result

Sample ID: Home 2018-01

Result

Sample ID: Home 2018-02

Result

Sample Description

Sample ID: Home 2018-03

n-Propylbenzene ppbv -- -- -- <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

4-Ethyltoluene ppbv -- -- -- <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

1,3,5-Trimethylbenzene ppbv -- -- -- 6 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

1,2,4-Trimethylbenzene ppbv -- -- -- 6 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Benzyl Choride ppbv -- -- 240 41 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

1,3-Dichlorobenzene ppbv -- -- -- <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

1,4-Dichlorobenzene ppbv 66.4 133 -- 121 35 26 -9 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

1,2-Dichlorobenzene ppbv -- -- -- 20 <1.0 <0.8 <1.0 <0.8 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

Napthalene ppbv 0.86 1.7 -- 1.9 1.9 <0.8 <-1.9 2.3 <0.8 <2.3 <0.8 ns <0.8 <0.8 <0.8 <0.8 <0.8 <0.88

TO-15; TICs (Tentatively Identified Compounds):

Ethane, 1,1-diflouro-Isobutane ppbv-est. 240 270 30 no volatiles found ns no volatiles found no volatiles found

Isobutane ppbv-est. - - - 48 56 8 - 7.4 10 52 18 -34 17 18 -

,alpha.-Pinene ppbv-est. 6 5.8 6 0.2 15

Unknown Hydrocarbon Compound 1 (RT 17.93) ppbv-est. 89 46 -43

d-Limonene ppbv-est. 1.8 12 9.2 -2.8 8.4

Unknown Compound (RT 18.56) ppbv-est. 8.5 --

Unknown Compound (RT 18.52) ppbv-est. -- 6.8

Nonane, 2,2,4,4,6,8,8-heptamethyl- ppbv-est. 8.9 --

Unknown Hydrocarbon Compound 1 (RT 17.97) ppbv-est. -- -- 7.8

TO-17 (SUMMA 6) EPA TO-17

2-Methoxyethanol ppbv 9.6 19.2 29.9 <96 ND (0.019) ND (0.021) ND (0.021) ND (0.021) ND (0.022) ns ND (0.021) ND (0.022) ND (0.052) 0.13 <0.13 ns ns (e)

1-Methoxy-2-propanol ppbv 949 - 1,900 8390 0.07 ND (0.018) 0.039 0.023 -0.016 0.034 ns 0.16 0.65 0.49 ND (0.044) ND (0.017) ns ns (e)

Ethylene Glycol ppbv 76.0 - 157 5120 ND (0.12) ND (0.13) ND (0.13) ND (0.13) ND (0.13) ns ND (0.13) ND (0.13) ND (0.32) ND (0.13) ns ns (e)

2-Ethoxyethanol ppbv 9.5 18.9 100 300 0.055 0.019 -0.036 0.043 0.028 -0.015 0.039 ns ND (0.018) ND (0.018) ND (0.044) ND (0.017) ns ns (e)

Epichlorohydrin ppbv 0.40 0.8 344 80 ND (0.016) ND (0.017) ND(0.017) ND(0.017) ND (0.018) ns ND (0.017) 0.16 ND (0.043) ND (0.017) ns ns (e)

N, N-Dimethylformamide ppbv 16.2 26.8 - 100,000 1.1 0.46 -0.64 0.25 0.069 -0.181 0.98 ns 0.6 ND (0.022) <-0.58 ND (0.055) ND (0.021) ns ns (e)

2-Methoxyethyl Acetate ppbv 9.3 18.6 - 330 ND (0.013) ND (0.014) ND (0.013) ND (0.014) ND (0.014) ns ND (0.13) ND (0.014) ND (0.034) ND (0.013) ns ns (e)

2-Ethoxyethyl Acetate ppbv 27.7 55.5 25.9 48 ND (0.011) ND (0.012) ND (0.012) ND (0.012) ND (0.013) ns ND (0.012) ND (0.012) ND (0.030) ND (0.012) ns ns (e)

Phenol ppbv 26.0 52 1,507 4.5 0.12 0.42 0.3 0.36 0.49 0.13 0.24 ns 0.48 0.67 0.19 0.26 0.48 0.22 ns ns (e)

Isophorone ppbv 177 354 0.3 ND (0.011) ND (0.012) 0.015 0.013 -0.002 ND (0.012) ns ND (0.011) ND (0.012) ND (0.029) 0.013 ns ns (e)

TICs (Tentatively Identified Compounds):

TO-17 TICs Found in all 5 homes (Before)

      d- Limonene ppbv 1.8 0.45 0.82 0.37 0.58 0.16 -0.42 0.49 0.68 0.84 0.16 1.98 1.22 -0.76

TO-17 TICs Found in 4  homes (Before)

      n-Hexanal ppbv 9.5 0.68 0.13 -0.55 0.32 0.42 1.41 0.99 1 0.88

     Benzaldehyde ppbv <1.5 0.39 0.09 -0.3 0.2 0.25 1.03 0.78 0.76 0.87 0.11

TO-17 TICs Found in 3  homes (Before)

     2-Butoxythanol ppbv 80 0.122 0.184 0.062 0.048 0.13 0.14 2.0

     Toluene ppbv 79.6 21 0.58 0.8 0.24 -0.56 0.12 0.95 1.0 0.05

     Naphthalene ppbv 1.72 1.9 0.34 0.87 3.34 2.47 1.68

     n-Nonanal (pelargonaldehyde) ppbv 0.34 0.24 0.45 0.89

All TO-17 TICs Identified: (all as ug/m3):

Propylene Glycol ug/m3 5140 0.68

n-Butyl Acetate ug/m3 0.13 0.51 2.9

2-Butoxyethanol ug/m3 80 0.59 0.89 0.3 0.23 0.66 0.7 2

2,2-Dimethyl-1,3-dioxane-4-methanol ug/m3 1.8

C12 Alkane ug/m3 2.4

Dichlorobenzene Isomer ug/m3 20 4.6

C12 Alkane ug/m3 0.56

d-Limonene ug/m3 1.8 2.5 4.6 2.1 3.2 0.9 -2.3 2.7 3.8 26 25.52 11 6.8 -4.2

Linalool ug/m3 6 1.3 0.76

unknown hydrocarbon RT 9.04 ug/m3 3.3

unknown hydrocarbon RT 11.18 ug/m3 0.99

unknown hydrocarbon RT 11.88/11.85 ug/m3 3.4 2.5 -0.9

unknown hydrocarbon RT 11.57 ug/m3 2.4

Camphor ug/m3 2.6 0.54 3.3 0.28 -3.02

phenylmethyl ester acetic acid ug/m3 0.79

RT 12.39 ug/m3 0.84

1-Butoxy-2-propanol ug/m3 2.2

Methyl salicylate ug/m3 1 2.2 1.2 1.4

unknown hydrocarbon RT 13.63 ug/m3 1.3

unknown ug/m3 0.62

C14 Alkane ug/m3 2.2

C14 Alkane ug/m3 1

RT 14.13 ug/m3 1.1

Heptanal (heptaldehyde) ug/m3 3 0.44

Toluene ug/m3 26 2.2 3 0.92 -2.08 0.45 3.6 3.8 0.2

n-Hexanal ug/m3 4.5 2.8 0.54 -2.26 1.3 1.7 5.8 4.1 3.6

Furfural ug/m3 2 1 0.33 -0.67 0.46 2.6

m,p-Xylene ug/m3 12 1.1 2.7 4.3 1.6



TABLE 3 - Before -After Window Replacement-Comparison

LEED: 

(Target CREL 

VOCs Chronic Reference Acute Reference 

~24 hrs: AM 

05/21-

~24 hrs: AM 

05/31- ~24 hrs: AM 05/21-

~24 hrs: AM 

05/31-

~24 hrs: AM 

06/21- ~24 hrs: AM    06/ 21- ~24 hrs: AM 07/11- ~ 24 hrs: AM 07/26- ~24 hrs: AM 08/07- ~ 24 hrs: AM 07/26- ~24 hrs: AM 08/07-

(MACs)) Exposure Levels Exposure Levels Odor AM 05/22/2018 AM 06/01/2018 Change AM 05/22/2018 AM 06/01/2018 Change AM 06/22, 2018 Change AM June 22, 2018 AM 07/12, 2018 Change AM 07/27, 2018 AM 08/08/2018 Change AM July 27, 2018 AM 08/08/2018 Change

ppbv ppbv ppbv Threshold

Parameter Method Units Ca OEHHA(a) Ca OEHHA(b) Ca OEHHA(b) ppbv (c) Result

Sample ID: 2018-05

Result

Sample ID: Home 2018-04

Result

Sample ID: Home 2018-01

Result

Sample ID: Home 2018-02

Result

Sample Description

Sample ID: Home 2018-03

Benzaldehyde ug/m3 <1.5 1.7 0.39 -1.31 0.9 1.1 4.5 3.4 3.3 3.8 0.5

2-(2-Ethoxyethoxy Ethanol ug/m3 2.9 2.4

n-Octanal ug/m3 0.7 0.73 0.45 0.7

2-Ethyl-1-hexanol ug/m3 0.96 0.23 -0.73 0.64 0.73 3.8 3.07 2.5

unknown hydrocarbon RT 11.17 ug/m3 0.76

unknown hydrocarbon RT 11.44/11.45 ug/m3 2.9

unknown hydrocarbon RT 11.57 ug/m3 2.5

unknown hydrocarbon RT 11.62 ug/m3 5.6

unknown hydrocarbon RT 12.56 ug/m3 8.9

unknown RT 13.54 ug/m3 2.8

Methyl salicylate ug/m3 10

Nonanoic acid ug/m3 0.7

unknown hydrocarbon RT 13.63 ug/m3 3.1

butyl ester butanoic ug/m3 0.86

n-Tetradecane ug/m3 0.84 36

unknown hyrocarbon RT 14.29 ug/m3 0.48

unknown hyrocarbon RT 15.03 ug/m3 15

unknown hydrocarbon RT 15.75 ug/m3 1.5 0.34 -1.16 0.7 0.7

unknown RT 15.66 ug/m3

unknown hydrocarbon RT 16.16 ug/m3

unknown hydrocarbon RT 16.28 ug/m3 1

C11 Alkane ug/m3 6.3

Dichlorobenzene ug/m3 20 0.85

p-Isopropyltoluene ug/m3 6.8

n-Undecane ug/m3 1.3

unknown siloxane ug/m3 0.2 4.2

n-Dodecane ug/m3 5.8

Naphthalene ug/m3 1.3 0.58 1.5 5.8 4.3 2.9

n-Tridecane ug/m3 0.76 5.1

Methylnaphthalene Isomer ug/m3 1.1

2-(2-Butoxyethoxy) Ethanol ug/m3 1.1

Heptadecane ug/m3 0.33 0.41 4.8 5.5 -4.2

n-Nonanal ug/m3 1.4 2.6 5.2

Formic Acid ug/m3 520 0.84 9.2

Hexanoic Acid ug/m3

unknown hydrocarbon RT 16.36 ug/m3 0.69

Phenylformic acid ug/m3

oxime 2-butanone ug/m3 5.8 9.5

Ethyl Butyrate ug/m3 1.1

3-methyl 1-butanol acetate ug/m3 0.95 0.23 6.1

phenylmethyl ester acetic acid ug/m3 2

Isobornyl acetate ug/m3 1.5 0.68

butyl ester butanoic acid ug/m3 0.22

C11 Alkane ug/m3 6.3

Octamethylcyclotetraailoxane ug/m3 4.3

Unidentified Siloxane 13.55 ug/m3 9.6

Unidentified ug/m3 3.8

Unidentified Siloxane 14.17 ug/m3 6.3

Unidentified Siloxane 14.83 ug/m3 6.7

Texanol Isobutyrate ug/m3 4.9

2,3-Benzofurandione ug/m3 0.25

unknown siloxane 12.15 ug/m3 27

unknown hydrocarbon 13.50 ug/m3 2.2

unknown siloxane 13.79 ug/m3 13

unknown hydrocarbon 14.40 ug/m3 3.1

unknown hydrocarbon 14.55 ug/m3 3.1

unknown hydrocarbon 14.67 ug/m3 23

unknown siloxane 15.06 ug/m3 4.1

n-Pentadecane ug/m3 10

Hexadecane ug/m3 4.7

Acetaldehyde

mod OSHA 

1007; HPLC/UV ppbv 38.9 77.8 261 210 2 <2 <2 <2 <2 <2 ns <2 <2 <2 <2 <2 ns ns

Formaldehyde

mod OSHA 

1007; HPLC/UV ppbv IDPH IDPH 45 1,000 37 19 -18 19 18 -1 54 ns 31 28 -3 27 19 -8 ns ns

Hydrogen Sulfide wet SOP13 ppbv 7.1 0.04 ns ns ns ns ns ns ns ns <8.7 <8.8 <8.8 <8.8 0 <8.7 <8.7 0

Bolded values= those with detectable levels ppbv - parts per billion by volume NSTD = No 

Standard

ND = Not 
NA = Not Applicable NS = Not Sampled

(d) Illinois Department of Public Health "Guidelines for Indoor Air Quality"

(e) No sample- equipment failure/heavy rains

ns = not sampled

(b) California Office of Environmental Health Hazard Assessment (Ca OEHHA) Chronic Reference Exposure Level (ch RELs / Inhalation RELs); "Chronic RELs are designed to 

address continuous exposures for up to a lifetime: the exposure metric used is the annual average exposure."

(c) American Industrial Hygiene Association, 2013.  Odor Thresholds for Chemicals with Established Health Standards, 2nd Edition.

NSTD = No Standard

ND = Not Detectable

IDPH Formaldehyde Standard: 30 ppb (d)

(a) California Office of Environmental Health Hazard Assessment (Ca OEHHA) Chronic Reference Exposure Level (ch RELs / Inhalation RELs); Maximum Allowable Level 

Concentrations; CDPH/EHLB Standard Method V1.2 (January 2017) Table 4-1.



 

 

 

 

 

 

Appendix A 

Temp/RH/CO2/CO Results 








































