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Homes  with  nighttime  cooling  systems,  evaporative  coolers,  and  window  fans  were 
excluded from these analyses.  
 
According  to  the  K‐S  statistic  analyses,  the  distributions  of  indoor  formaldehyde  and 
acetaldehyde concentrations, outdoor air exchange rates, and window usage were found to 
be not normally distributed. The K‐S statistic was repeated with several functions applied 
to the distributions. If the K‐S statistic returned a result with a probability greater than 0.05, 
then  the distribution was determined  to be normal. The  formaldehyde and acetaldehyde 
concentrations were  found  to be  lognormal;  the  inverse of  the outdoor air exchange  rate 
was  found  to be normal;  and  the  square  root of window opening, where different  than 
zero, was  found  to be normal. The  results of  these analyses are summarized  in Table 55 
(page 198), along with the probability that the distribution is normal. Figures 29–32 (pages  
128–131) present the cumulative frequency plots of the normalized data.  
 
3.10.5.1 Formaldehyde and Acetaldehyde and Group Comparisons  
Table 56 (page 199) contains the  group analyses for indoor formaldehyde and acetaldehyde 
concentrations. For the t‐test comparisons of differences in the group mean concentrations 
the  research  team  used  the  normalized  data;  the  log  of  the  indoor  formaldehyde 
concentrations and the log of the indoor acetaldehyde concentrations. If the probability of 
no difference was less than 0.05, then the means were considered to be different. Note that 
the number of homes with HRV systems in these group comparisons was very small (i.e., 
n=4), and thus only very large differences in the group means can be identified.  
 
North‐South Homes. For  this comparison only  those homes without mechanical outdoor 
air  ventilation  systems  were  compared.  The  mean  log  of  the  indoor  formaldehyde 
concentration was  found  to be significantly higher  in North homes  than  in South homes  
(p = 0.001). The mean  log of  the  indoor acetaldehyde concentration was not  found  to be 
significantly different in North homes and South homes. 
 
Summer‐Winter  Homes.  The  mean  log  of  the  indoor  formaldehyde  acetaldehyde 
concentrations were not  found  to be significantly different  in summer homes and winter 
homes. 
 
Homes With and Without Mechanical Outdoor Air Ventilation Systems. The mean  log of 
the  indoor  formaldehyde and acetaldehyde concentrations were  found  to be significantly 
higher  in  homes with DOA mechanical  outdoor  air  systems  than  in  non‐mechanically 
ventilated  homes  (p=0.0001  and  p=0.005  respectively).  The  mean  log  of  the  indoor 
formaldehyde and acetaldehyde concentrations were not found to be significantly different 
in homes with HRV mechanical outdoor air systems and  in non‐mechanically ventilated 
homes. The low number of HRVs (i.e., n=4) precluded  identifying the substantially  lower 
mean  indoor  log concentrations of formaldehyde and acetaldehyde  in the HRV homes as 
being statistically significant. 
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Homes With DOA and HRV Outdoor Air Ventilation. The mean log of the concentration of 
formaldehyde and acetaldehyde was found to be significantly higher in homes with DOA 
mechanical outdoor air systems than in homes with HRV mechanical outdoor air systems 
(p=0.05 and p=0.02 respectively).  
 
3.10.5.2 Outdoor Air Exchange Rate and Window Usage Group Comparisons  
Table  57  (page  200)  contains the group analyses for  outdoor  air  exchange  rates  and 
window usage. The outdoor air exchange rate consisted of the 24‐hour PFT measurement 
and  the window usage consisted of  the 24‐hour  log of  the  ft2‐hrs of window/door usage. 
For the t‐test comparisons of differences in the group mean outdoor air exchange rates and 
window usage the research team used the normalized data;  inverse air changes per hour 
and the square root of the window usage. If the probability of no difference was less than 
0.05, then the means were considered to be different.  
 
North‐South Homes. For  this comparison only  those homes without mechanical outdoor 
air ventilation systems were compared. The mean inverse of the outdoor air exchange rate 
and the mean square root of the window usage was found to not be significantly different 
in North homes and South homes. 
 
Summer‐Winter Homes. The mean inverse of the outdoor air exchange rate was found to 
not be significantly different in summer homes and winter homes. The mean square root of 
the window usage was found to be significantly higher  in summer homes than  in winter 
homes (p=0.02). 
 
Homes With and Without Mechanical Outdoor Air Ventilation Systems. The mean inverse 
of  the  outdoor  air  exchange  rate  was  found  to  not  be  significantly  different  in  DOA 
mechanical outdoor air systems and non‐mechanically ventilated homes. The mean inverse 
of the outdoor air exchange rate was found to be significantly higher in homes with HRV 
mechanical outdoor air systems than in non‐mechanically ventilated homes (p = 0.002). The 
mean square root of the window usage was found to not be significantly different in either 
DOA or HRV mechanical outdoor  air  systems when  compared  to  the non‐mechanically 
ventilated homes. 
 
Homes With DOA and HRV Outdoor Air Ventilation Systems. The mean  inverse of  the 
outdoor  air  exchange  rate  was  found  to  be  significantly  lower  in  HRV  than  DOA 
mechanical outdoor air systems (p=0.008). The mean square root of the window usage was 
found to not be significantly different in HRV and DOA mechanical outdoor air systems. 
 
3.11 Formaldehyde and Acetaldehyde Concentration Correlations 
 
Correlation  analyses  were  prepared  for  indoor  formaldehyde  and  acetaldehyde 
concentrations  with  home  characteristics  and  indoor  and  outdoor  environmental 
conditions.  Formaldehyde  and  acetaldehyde  were  selected  for  these  analyses,  because 
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these were the two air contaminants that most frequently exceeded recommended indoor 
concentration guidelines.  
 
The six home characteristics included: 
 

• home age (years) 

• composite wood loading (ft2 per 1,000 ft3 of indoor air volume)  

• new cabinetry (within six months) 

• new furniture (within six months) 

• air fresheners (presence or absence) 

• outdoor air exchange rate (ach) 

 
The four environmental conditions included: 
 

• indoor air temperature (oF) 

• indoor relative humidity (%) 

• outdoor air temperature (oF) 

• outdoor relative humidity (%) 

 
The  composite  wood  loading  includes  the  total  composite  wood  area  in  square  feet 
observed to be associated with cabinetry/furniture and the finishes of walls, ceilings, and 
floors divided by the indoor air volume (i.e., ft2 of composite wood per 1,000 ft3 of indoor 
air volume). 
 
The  research  team prepared  both Pearson  correlations  for  those  variables  that  could  be 
normalized as well as Spearman correlations, which do not require the sample populations 
be normally distributed. 
 
Outdoor  air  temperature  and  relative  humidity,  indoor  air  temperature,  and  home  age 
data were found to be normally distributed. As previously discussed, according to the K‐S 
statistic  analyses,  the  distributions  of  indoor  formaldehyde  and  acetaldehyde 
concentrations, outdoor air exchange rates, window usage, composite wood  loading, and 
indoor air relative humidity were  found  to be not normally distributed. The K‐S statistic 
was  repeated with  several  functions applied  to  the distributions. The  formaldehyde and 
acetaldehyde  concentrations were  found  to be  lognormal;  the  inverse of  the outdoor air 
exchange rate (i.e., outdoor air residence time) was found to be normal; and the square root 
of window opening, where different  than zero, was  found  to be normal. The  log of  the 
composite wood loading was found to be log normal, and the indoor air relative humidity 



94 

squared was found to be log normal. The results of these analyses are summarized in Table 
55  (page  198)  along with the  probability that  the distribution is normal.  Figures 33–38 
(pages 132–137) present the cumulative freuency of the normlized data.  
 
Tables  58  and  59  (pages  201  and  202)  contain  the  correlations for  formaldehyde  and 
acetaldehyde  concentrations,  respectively,  with  the  six  home  characteristics  and  four 
environmental  conditions.  If  the  probability  of  no  correlation was  less  the  0.05,  then  a 
correlation was concluded to possibly exist. Note that since these are bivariate analyses, the 
establishment of a possible correlation between two variables does not indicate that there is 
a  causal  relationship. Other  factors may be determined  to be equally or more  important 
when  analyzed  together  in  a multivariate  analyses, which  is  beyond  the  scope  of  this 
study, but is recommended for future analyses.  
 
Figures  39–45  (pages  138–144)  are  scatter  plots of the indoor  formaldehyde and  
acetaldehyde concentrations and the three continuous home characteristic variables, home 
age, composite wood loading, and outdoor air exchange rate, and the four environmental 
conditions.  
 
For  both  formaldehyde  and  acetaldehyde  concentrations,  one  home  characteristic—
outdoor air exchange rate—was determined by both the Pearson and Spearman correlation 
analyses  to  have  a  statistically  significant  correlation.  This  correlation  was  relatively 
strong, with probabilities of no correlation less than 0.0001, as determined by both Pearson 
and  Spearman  correlation  analyses.  The  correlation  coefficients  indicate  that  indoor 
formaldehyde concentrations correlate negatively with the outdoor air exchange rates (i.e., 
as  outdoor  air  exchange  rates  increase  the  indoor  concentrations  of  formaldehyde 
decrease).  Note  since  the  Pearson  correlation  coefficient  uses  the  normalized  inverse 
outdoor  air  exchange  rate  (i.e.,  the  outdoor  air  residence  time),  the  positive  correlation 
coefficients represents a negative correlation with outdoor air exchange rate. 
 
For  formaldehyde  concentrations,  one  environmental  condition,  indoor  air  temperature, 
was  determined  by  both  the  Pearson  and  Spearman  correlation  analyses  to  have  a 
statistically  significant  correlation.  The  correlation  coefficients  indicate  that  indoor 
formaldehyde concentrations correlate positively with  the  indoor air  temperature  (i.e., as 
indoor air temperatures increase, the indoor concentrations of formaldehyde increase). 
 
Not  as  expected,  both  the  Pearson  and  Spearman  correlations  produced  negative 
correlations for composite wood  loading and acetaldehyde  indoor concentrations, and no 
significant  correlation  for  composite  wood  loading  and  formaldehyde  indoor 
concentrations, despite  the knowledge  that composite wood  is an  indoor emitter of both 
formaldehyde and acetaldehyde. This may be the result of incompleteness of the recovery 
of this variable in the field from the visible inspection by the field team. Composite wood 
could not  always  be  accurately  identified  because  of  coverings  by  laminate  or paint.  In 
addition,  the  inspectors  only  estimated  the  square  footage  of  composite  wood  from 
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furniture  and  cabinetry. Other  substantial  amounts  of  composite wood  loading  that  are 
common in many of these homes, but are difficult to quantify in the limited time available 
to  the  inspectors,  include plywood and oriented  strand board  (OSB)  in walls,  subfloors, 
and attics and medium density fiberboard  in baseboards, window shades,  interior doors, 
and window and door trims. Also, the  inspectors estimated the areas of composite wood 
without separately distinguishing those areas that were exposed and those areas that were 
covered with laminate. 
 
The  variance  introduced  by  the  impact  of  outdoor  air  exchange  rates  upon  the  indoor 
concentrations of formaldehyde and acetaldehyde may also be contributing to the  lack of 
an  observed  significant  positive  correlation  between  composite  wood  loading  and  the 
indoor concentrations of formaldehyde and acetaldehyde. 
 
3.12 Incentives and Barriers that Influence People’s Use of 
Ventilation 
 
This  section  fulfills  the  requirements  stated  in Study Objective 5,  Identify  the  incentives 
and  barriers  that  influence  people’s  use  of windows, doors,  and mechanical  ventilation 
devices for adequate air exchange. 
 
The Occupant Questionnaire on mechanical ventilation systems focused exclusively on the 
mechanical  outdoor  air  ventilation  systems.  Tables  60  and  61  (pages  203  and  204) 
summarize  the  responses  to  these  questions  from  homes  with  either  a  DOA  or  HRV 
mechanical  outdoor  air  system  and  with  completed  responses  to  questions,  excluding 
those with only nighttime cooling systems (e.g., WHF, RAD), evaporative cooling systems, 
or window  fans. The  total of 26 homes with mechanical outdoor air systems  included 17 
DOA systems and 9 HRV systems. 
 
A  total of 78% stated  that  the operation of  the system was explained  to  them when  they 
bought or moved into the house. In addition, 63% responded that they understood how the 
system works, and 83% stated that they understood how to operate the system properly.  
 
With respect to questions how they typically operate the system, 32% reported continuous 
operation in the summer, 36% in the fall, 18% in the winter, and 27% in the spring.  
 
With respect to the question of “Why did you choose the system?,” 91% of the respondents 
replied that the system “came with the house.”  
 
With  respect  to  the  question  of  “What  do  you  like  about  the  system?,”  the  three most 
frequent  responses were, “Fresh air”  (52%), “Quiet”  (48%), and “Reduced concern about 
indoor air quality” (26%).  
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The written descriptions accompanying the “Other” reasons that the homeowners did like 
about the mechanical outdoor air systems, along with the system type and Home ID, were: 
 

• “I can shut off one of the 2 zones for economy.” (DOA‐2 systems, Home 043) 
 

• “House does not feel/smell stuff or that it has been closed.” (DOA, Home 102) 
 

• “Clears moisture from baths and laundry.” (HRV, Home 104) 
 
With  respect  to  the  question  “What  don’t  you  like  about  the  system  ?,”  the  four most 
frequent  responses were,  “Not  effective”  (32%),  “Too drafty”  (26%),  “Too noisy”  (26%), 
and “Other” (26%). 
 
The written descriptions accompanying  the “Not effective” and “Other” reasons  that  the 
homeowners did not like about the mechanical outdoor air systems, along with the system 
type and Home ID, were: 
 

• “Needs to turn on with HVAC system, not every 45 mins. Automatically.” (DOA, 
Home 001) 

 
• “Need to go into attic to clean the filter.” (HRV, Home 017) 

 
• “Unit is difficult to reach, expensive yearly maintenance service.” (HRV, Home 018) 

 
• “House is always stuffy, cannot feel fresh air, not able to shut off, always running if 

air/heater is off.” (DOA, Home 021) 
 

• “Never understood how to use it.” (DOA, Home 021) 
 

• “Brings in hot air in the summer and cold air in the winter.” (HRV, Home 022) 
 

• “One zone does not shut off when it reaches its program.” (DOA‐2 systems, Home 
043) 

 
• “It is on a 90 min automatic cycle. It brings in hot air in summer, cold air in winter, 

air w/smoke in it & air during aerial spraying for West Nile viruses.” (DOA, Home 
102). 

 
• “Dust seems to still get on the table tops.” (HRV, Home 104) 

 
• “It does not heat & cool the house evenly. Half the house is fairly comfortable and 

the other half is not.” (DOA, Home 109) 
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With respect to the question of “Please list any additional problems or provide additional 
comments you have on the system,” the following are the written descriptions, along with 
the system type and Home ID: 
 

• “The thermostat works when  it wants to not when he wants  it to,  itʹs  like  it has a 
mind  of  its  own.  They  already  replaced  it  once  and  it  didnʹt  fix  the  problem.” 
(DOA, Home 008) 

 
• “I have no idea how the system works. The only controls that I am aware of are for 

heating and cooling.” (DOA, Home 011) 
 

• “Should be able to clean filters more easily, especially since this is a senior 
development. More reason clean filters.” (HRV, Home 017). 

 
• “Not able to shut off system, never feel fresh air coming from outside, always 

hot/stuffy in house; cooler outside.” (DOA, Home 021) 
 

• “It needs to have a switch where the home owner can shut it off.” (DOA, Home 
102). 

 
• “Colder type air comes out of the vents during the winter along with the heated air, 

thereby making it uncomfortable if you are positioned near the vents? Opposite in 
the summer.” (DOA, Home 109) 

 
• “Did not know one of my ducts was closed.” (DOA, Home 110). 

 
3.13 Incentives and Barriers Related to People’s Purchases and 
Practices that Improve IAQ 
 
This  section  fulfills  the  requirements  stated  in Study Objective 6,  Identify  the  incentives 
and barriers related to people’s purchases and practices that improve IAQ, such as the use 
of low‐emitting building materials and improved air filters. 
 
The Occupant Questionnaire  contained  a number of questions  focused upon home  IAQ 
related  improvement  choices.  Table  62  (page  205)  summarizes  the   responses  to  these 
questions. A total of 24% of the 105 respondents to this question stated “none” in response 
to  the  question  “What  special  measures  or  choices  have  you  or  the  builder  taken  to 
improve the quality of the air in your home?”.  
 
The  four  most  frequent  responses  to  improvements  undertaken  were:  “Hard  flooring 
instead  of  carpeting”  (33%),  “Carbon monoxide  alarm”  (28%),  “High  efficiency  vacuum 
cleaner with special features such as filters to trap more particles” (27%), and “Upgrade my 
central air filter” (25%). 
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With respect  to  the question of “Other” Home  IAQ  Improvements,  the  following are  the 
written descriptions, along with the Home ID: 
 

• “Ceramic tile and linoleum to replace all but bedroom carpeting.” (Home 002). 
 

• “Hard flooring in kitchen entryway & part of hallway.” (Home 015). 
 

• “24‐hr fans: 2 bathrooms/utility room to prevent mold.” (Home 016). 
 

• “Smartvent.” (Home 018). 
 

• “Smartvent.” (Home 019). 
 

• “All bath fans are on 60‐min. timers; whole house fan on 12‐hr. timer.” (Home 034). 
 

• “Changed original air filter.” (Home 048). 
 

• “Methane gas mitigation system ‐ builder installed.” (Home 054).  
 

• “Living Air  portable  cleaner  system, Orek,  Sharper  Image  air  cleaners.”  (Home 
069). 

 
• “Master cool evap cooler for fresh air.” (Home 070). 

 
• “Switched to crystal (dustless) cat litter.” (Home 077). 

 
• “We usually  open windows  and keep  them  open. During  the  last week  its been 

cold so weʹve not done so as usual.” (Home 079). 
 

• “Whole house fan.” (Home 088). 
 

• “Hard flooring in downstairs.” (Home 092) 
 

• “Air purifiers in bedrooms (4).” (Home 105). 
 

• “Cleaning supplies natural/nontoxic, plant in most rooms.” (Home 121). 
 
3.14 Recent Developments Related to Codes, Regulations, and 
Guidelines 
 
Recently  there  have  been  several  changes  to  codes,  regulations,  and  guidelines  that  are 
noteworthy with respect to the data collected in this study. 
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The OEHHA RELs  for  formaldehyde  and  acetaldehyde were  revised  in December  2008 
(OEHHA  2008b). These  revisions  reflect  scientific  knowledge  and  techniques developed 
since  the  previous  guidelines  were  prepared,  and  in  particular,  explicitly  include 
consideration  of possible differential  effects  on  the health  of  infants,  children  and  other 
sensitive subpopulations. In addition  to  the previously defined Acute and Chronic RELs, 
the revisions include establishment of 8‐hour RELs.  
 
For  formaldehyde,  the Acute REL was  reduced  from 94  μg/m3  to 55  μg/m3. The  interim  
8‐hour REL was reduced from 33 μg/m3 to 9 μg/m3 and is no longer an interim standard. 
The Chronic REL was increased from 3 μg/m3 to 9 μg/m3. 
 
For formaldehyde, the percentage of homes exceeding the Acute REL increases from 6.7% 
to 28% for the new REL. The percentage of homes exceeding the 8‐hour REL increases from 
59% to 98%. The percentage of homes exceeding the Chronic REL decreases from 100% to 
98%. 
 
For acetaldehyde, the Acute REL, for which previously there was no established level, was 
set at 470 μg/m3, the 8‐hour REL, for which previously there was no established level, was 
set at 300 μg/m3, and the Chronic REL was increased from 9 μg/m3 to 140 μg/m3. 
 
For acetaldehyde the percentage of homes exceeding the Chronic REL decreases from 82% 
to 0% for the new higher exposure levels, and 0% of the homes exceed the new 8‐hour REL 
and the new Chronic REL. 
 
In  April  2007,  the  California  Air  Resources  Board  adopted  an  airborne  toxics  control 
measure  (ATCM)  to  reduce  formaldehyde  emissions  from  composite  wood  products 
including  hardwood plywood  (HWPW), particleboard  (PB), medium density  fiberboard 
(MDF),  and  also  furniture  and other  finished products made with  these wood products 
(California  Air  Resources  Board  2007b).  This  ATCM  established  the  most  stringent, 
production‐based,  formaldehyde  standards  in  the  world.  ARBʹs  evaluation  of 
formaldehyde  exposure  in  California  found  that  one  of  the  major  sources  is  from 
inhalation  of  formaldehyde  emitted  by  composite  wood  products  containing  urea‐
formaldehyde  resin.  Much  of  this  HWPW,  PB,  and  MDF  is  used  to  make  furniture, 
cabinets, shelving, countertops, flooring and moldings. 
 
This  ATCM  was  approved  by  the  Office  of  Administrative  Law  on  April  18,  2008 
(California Code of Regulations 2008). The Phase 1  implementation date  is scheduled  for 
January 1, 2009. A Phase 2  set of  lower emissions  rates  is  scheduled  for  implementation 
January  1,  2010,  for  hardwood  plywood  with  veneer  core  and  January  1,  2011,  for 
particleboard and medium density fiberboard. 
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The California Energy Commission  (2008a) adopted  the 2008 Building Energy Efficiency 
Standards on April 23, 2008, and these standards become effective August 1, 2009. The new 
2008 standards require all low‐rise residential buildings to have a mechanical outdoor air 
ventilation system. The mechanical outdoor air ventilation system requirements in the new 
2008 standard are an adoption of ASHRAE Standard 62.2‐2007, with the exception that use 
of  openable  windows  for  outdoor  ventilation  in  place  of  mechanical  outdoor  air 
ventilation,  while  permitted  by  ASHRAE,  is  not  an  acceptable  option.  The  ASHRAE 
mechanical outdoor air ventilation rates discussed  in  this report, ASHRAE 62.2‐2004, are 
identical  to  the ASHRAE  62.2‐2007  (ASHRAE  2007)  rates  and  the  new  California  2008 
Building Energy Efficiency Standards. 
 
In  addition,  the  new  2008  California  Title  24  Alternative  Calculation  Method  (ACM) 
Manual  (California  Energy  Commission  2008b)  no  longer  requires mechanical  outdoor 
ventilation of 0.047  cfm/ft2  in homes  that builders are  taking  credit  for building a home 
with an SLA less than 3.0. The new 2008 Building Energy Efficiency Standards now require 
that all homes, regardless of the SLA, have mechanical outdoor air ventilation. 
 
ASHRAE  published  addenda  to ASHRAE  Standard  62.2‐2007  in  2008  (ASHRAE  2008). 
These  2008  addenda  included  Addendum  b,  which  provides  changes  to  Table  4.2, 
“Ventilation  Effectiveness  for  Intermittent  Fans.”  This  addendum  also  changed  the 
requirement  that  intermittent  mechanical  outdoor  air  systems  operate  a  minimum  of 
1 hour  every  12  hours  to  a minimum  operation  of  once  per  24  hours  and  a minimum 
fractional on‐time of 0.10. The new California 2008 Building Energy Efficiency Standards, 
which cites ASHRAE 62.2‐2007, do not include this addendum.  
 
For  the  three  DOA  systems  in  this  study  with  operational  fan  cyclers,  the  new 
Addendum b  ventilation  effectiveness  factors  result  in  decreased  outdoor  airflow  rate 
requirements. The measured outdoor airflow rates in these three homes were all still well 
below the requirements, as calculated according to the new Addendum b. Previously these 
three homes had mechanical outdoor airflow  rates  that were  just 3%, 7%, and 8% of  the 
intermittent  flow  rate  requirements,  and  using  the  calculations  in  Addendum  b  the 
mechanical  outdoor  airflow  rates  are  9%,  10%,  and  26%  of  the  intermittent  flow  rate 
requirements.  
 
Ventilation  rates and  indoor air contaminant concentrations were  re‐calculated using  the 
new Addendum b ventilation effectiveness factors for intermittent ventilation systems and 
the modeling  scenario  utilized  in  Section  3.6.1.  The  ventilation  effectiveness  factor was 
increased by Addendum b  from 0.33  to 0.65. This resulted  in a reduction of  the required 
outdoor  airflow  rate  for  intermittent mechanical  systems,  and  further  increases  in  the 
indoor air contaminant concentrations. The 24‐hour average indoor concentration was 34% 
higher than that with a continuous system, up from the 29% higher concentration with the 
pre‐Addendum  b  ventilation  effectiveness  factor.  The  maximum  air  contaminant 
concentration was  222%  higher  than  that with  a  continuous  system,  up  from  the  220% 















 

 

                       
 

Figure 28. Formaldehyde indoor concentrations and outdoor air exchange rates. 
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Figure 29. Cumulative frequency distribution of the log of formaldehyde concentration – All Homes Sample Frame. 
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Figure 30. Cumulative frequency distribution of the log of acetaldehyde concentration – All Homes Sample Frame. 
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Cumulative Frequency Distribution for the Inverse of the Air Exchange Rate 
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Figure 31. Cumulative frequency distribution for the inverse of the air exchange rate – All Homes Sample Frame. 
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Cumulative Frequency Distribution for the Square Root of Window Usage 
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Figure 32. Cumulative frequency distribution of the square root of window usage – All Homes Sample Frame. 
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Figure 33. Cumulative frequency distribution for indoor temperature – All Homes Sample Frame. 
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Cumulative Frequency Distribution for the Indoor Relative Humidity Squared 
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Figure 34. Cumulative frequency for the indoor relative humidity squared – All Homes Sample Frame. 
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Figure 35. Cumulative frequency distribution for outdoor temperature – All Homes Sample Frame. 
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Figure 36. Cumulative frequency distribution for outdoor relative humidity – All Homes Sample Frame. 

135



 

Cumulative Frequency Distribution for the 
Log of the Normalized Composite Wood Loading

All Homes Sample Frame

0

10

20

30

40

50

60

70

80

90

100

2 2.5 3 3.5 4 4.5 5

Log of Home Air Volume Normalized Composite Wood Loading (ft2/1000 ft3)

C
um

ul
at

iv
e 

Fr
eq

ue
nc

y 
(%

)

 
 
 

Figure 37. Cumulative frequency distribution for the log of the normalized composite wood loading – All Homes Sample Frame. 
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Cumulative Frequency Distribution for Home Age 
All Homes Sample Frame

0

10

20

30

40

50

60

70

80

90

100

0 1 2 3 4 5 6
Home Age (years)

C
um

ul
at

iv
e 

Fr
eq

ue
nc

y 
(%

)

 
 
 

Figure 38. Cumulative frequency distribution for home age – All Homes Sample Frame. 
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Scatter Plot of Home Age and Indoor Formaldehyde Concentrations 
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Scatter Plot of Home Age and Indoor Acetaldehyde Concentration 
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Figure 39. Scatter plots of home age and indoor formaldehyde and acetaldehyde concentrations – All 
Homes Sample Frame.  
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Scatter Plot of Composite Wood Loading and Indoor Acetaldehyde 
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Figure 40. Scatter plots of composite wood loading and indoor formaldehyde and acetaldehyde 
concentrations – All Homes Sample Frame. 
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Scatter Plot of Outdoor Air Exchange Rates and Indoor Formaldehyde 
Concentrations 
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Scatter Plot of Outdoor Air Exchange Rates and Indoor Acetaldehyde 
Concentrations 
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Figure 41. Scatter plots of outdoor air exchange rates and indoor formaldehyde and 
acetaldehyde concentrations – All Homes Sample Frame. 
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Scatter Plot of Indoor Temperature and Indoor Formaldehyde 
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Figure 42. Scatter plots of indoor temperature and indoor formaldehyde and acetaldehyde 
concentrations – All Homes Sample Frame. 
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Scatter Plot of Indoor Relative Humidity and Indoor
Formaldehyde Concentrations

All Homes Sample Frame
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Scatter Plot of Indoor Relative Humidity and Indoor
Acetaldehyde Concentrations
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Figure 43. Scatter plots of indoor relative humidity and indoor formaldehyde and acetaldehyde 
concentrations – All Homes Sample Frame. 
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Scatter Plot of Outdoor Temperature and Indoor Formaldehyde 
Concentrations 

All Homes Sample Frame
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Scatter Plot of Outdoor Temperature and Indoor Acetaldehyde 
Concentrations 
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Figure 44. Scatter plots of outdoor temperature and indoor formaldehyde and acetaldehyde 
concentrations – All Home Sample Frame. 
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Scatter Plot of Outdoor Relative Humidity and Indoor 
Formaldehyde Concentrations 

All Homes Sample Frame

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

20 30 40 50 60 70 80 90 100

Outdoor Relative Humidity (%)

In
d

o
o

r 
C

o
n

ce
n

tr
a
ti

o
n

 (
µ

g
/

m
3
)

 
 
 
 

Scatter Plot of Outdoor Relative Humidity and Indoor Acetaldehyde 
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Figure 45. Scatter plots of outdoor relative humidity and indoor formaldehyde and acetaldehyde 
concentrations – All Homes Sample Frame.  



 

 

 
Table 2. Percentages of air contaminant and PFT field samples, blanks, and duplicates successfully collected and analyzed. 

 
 

Percentages of Air Contaminant and PFT  
Field Samples, Blanks, and Duplicates Successfully Collected and Analyzed 

 

  
Field 

Samples 
Deployed  

 
Field Samples a 

Successfully  
Collected and Analyzed 

(%)  

 
Field Sample Blanks b 

Successfully  
Collected and Analyzed 

(%) 

 
Field Sample Duplicates c 

Successfully  
Collected and Analyzed 

(%) 
 
Volatile Organic Compounds 

 
208 

 
99 

 
10 

 
10 

 
Formaldehyde/Acetaldehyde 

 
221 

 
96 

 
10 

 
9 

 
Particulate Matter – PM2.5 

 
44 

 
98 

 
12 

 
10 

 
Nitrogen Dioxide 

 
45 

 
100 

 
12 

 
10 

 
Carbon Monoxide 

 
206 

 
98 

 
NA 

 
9 

 
PFT CATS Samplers 

 
167 

 
99 

 
11 

 
12 

 
QA/QC Goal 

 
 

 
98 

 
10 

 
10 

 
  a) Percentage of total number of samples excluding field sample blanks that were successfully collected and analyzed. 
  b) Percentage of field sample blanks successfully collected and analyzed – based upon total successfully collected and analyzed 

samples less duplicate and blank samples. 
  c) Percentage of field sample duplicates successfully collected and analyzed – based upon total successfully collected and analyzed 

samples less duplicate and blank samples. 
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Table 3. Summer-North field session field blank analyses for volatile organic compounds, including formaldehyde 
and acetaldehyde. 

 
 

Summer-North Field Session Field Blank Analyses (ng)  
 
Compound 
 

Method Mass 
Detection Limit 

Sample ID 
006-vb-080806 

Sample ID 
021-vb-081606 

Sample ID 
033-vb-082406 

Average Blank 
Sample Mass 

  Mass a Mass a Mass a Mass a 
Acetaldehyde 9 MDL MDL 49 19 
Benzene 3.5 MDL MDL MDL 1.8 
2-Butoxyethanol 1.9 MDL MDL MDL 0.9 
Caprolactam 3.4 MDL MDL MDL 1.7 
1,4-Dichlorobenzene 2.9 MDL MDL MDL 1.5 
Ethylene glycol 16 MDL MDL MDL 8.2 
Formaldehyde 9 MDL MDL 17 8.7 
Hexanal 1.4 MDL MDL MDL 0.7 
n-Hexane 4.2 MDL MDL MDL 2.1 
d-Limonene 4.2 MDL MDL MDL 2.1 
1-Methyl-2-pyrrolidinone 6.0 MDL MDL MDL 3.0 
Naphthalene 2.0 MDL MDL MDL 1.0 
Phenol 2.8 3.7 MDL MDL 2.2 
alpha-Pinene 3.0 MDL MDL MDL 1.5 
Styrene 3.1 MDL MDL MDL 1.6 
Tetrachloroethene 4.7 MDL MDL MDL 2.3 
Toluene 4.9 MDL MDL MDL 2.5 
Trichloromethane  4.9 MDL MDL MDL 2.4 
1,2,4-Trimethylbenzene 3.3 MDL MDL MDL 1.6 
Vinyl acetate 5.6 MDL MDL MDL 2.8 
m, p-Xylene 3.8 MDL MDL MDL 1.9 
o-Xylene 3.2 MDL MDL MDL 1.6 
 

a) Blanks with a mass below the method mass detection limit are designated as “MDL” and were assigned a value of one half the 
method mass detection limit for calculating the average field blank sample mass. 
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Table 4. Summer-South field session field blank analyses for volatile organic compounds including formaldehyde 
and acetaldehyde.  

 
 

Summer-South Field Session Field Blank Analyses (ng)  
 
Compound 
 

Method Mass 
Detection Limit 

Sample ID 
046-vb-090806 

Sample ID 
055-vb-091406 

Sample ID 
067-vb-092006 

Average Blank 
Sample Mass 

  Mass a Mass a Mass a Mass a 

Acetaldehyde 9 MDL 12.7 35 17 
Benzene 3.5 MDL MDL MDL 1.8 
2-Butoxyethanol 1.9 MDL MDL MDL 0.9 
Caprolactam 3.4 MDL MDL MDL 1.7 
1,4-Dichlorobenzene 2.9 MDL MDL MDL 1.5 
Ethylene glycol 16 MDL MDL MDL 8.2 
Formaldehyde 9 MDL 15.9 MDL 8.3 
Hexanal 1.4 MDL MDL MDL 0.7 
n-Hexane 4.2 MDL MDL MDL 2.1 
d-Limonene 4.2 MDL MDL MDL 2.1 
1-Methyl-2-pyrrolidinone 6.0 MDL MDL MDL 3.0 
Naphthalene 2.0 MDL MDL 3.2 1.7 
Phenol 2.8 MDL MDL 24 8.8 
alpha-Pinene 3.0 MDL MDL MDL 1.5 
Styrene 3.1 MDL MDL 11 4.6 
Tetrachloroethene 4.7 MDL MDL MDL 2.3 
Toluene 4.9 MDL MDL MDL 2.5 
Trichloromethane  4.9 MDL MDL MDL 2.4 
1,2,4-Trimethylbenzene 3.3 MDL MDL 4.2 2.5 
Vinyl acetate 5.6 MDL MDL MDL 2.8 
m, p-Xylene 3.8 MDL MDL MDL 1.9 
o-Xylene 3.2 MDL MDL MDL 1.6 
 

a) Blanks with a mass below the method mass detection limit are designated as “MDL” and were assigned a value of one half the 
method mass detection limit for calculating the average field blank sample mass. 
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Table 5. Winter-North field session field blank analyses for volatile organic compounds including formaldehyde and acetaldehyde. 
 

 
Winter-North Field Session Field Blank Method Mass Detection Limit (ng)  

 
Compound 
 

Method 
Mass 

Detection 
Limit 

Sample ID 
025-vb-
022107 

Sample ID 
101-vb-
022207 

Sample ID 
108-vb-
092006 

Sample ID 
002-vb-
030207 

Sample ID 
114-vb-
030607 

Sample ID 
117-vb-
030707 

Sample ID 
121-vb-
030807 

Sample ID  

119-fb-
030707 

Average 
Blank 

Sample 
Mass  

  Mass a Mass a Mass a Mass a Mass a Mass a Mass a Mass a Mass a 

Acetaldehyde 9 11 15 MDL 22 9.4 MDL MDL 25 10 
Benzene 3.5 MDL MDL MDL MDL MDL MDL MDL na b 1.8 
2-Butoxyethanol 1.9 MDL MDL MDL MDL MDL MDL MDL na 0.9 
Caprolactam 3.4 MDL MDL MDL MDL MDL MDL MDL na 1.7 
1,4-Dichlorobenzene 2.9 MDL MDL MDL MDL MDL MDL MDL na 1.5 
Ethylene glycol 16 MDL MDL MDL MDL MDL MDL MDL na 8.2 
Formaldehyde 9 10 MDL MDL MDL MDL MDL 11 MDL 6.3 
Hexanal 1.4 MDL MDL MDL MDL 3.1 MDL MDL na 1.1 
n-Hexane 4.2 MDL MDL MDL MDL MDL MDL MDL na 2.1 
d-Limonene 4.2 MDL MDL MDL MDL MDL MDL MDL na 2.1 
1-Methyl-2-
pyrrolidinone 6.0 MDL MDL MDL MDL MDL MDL MDL na 3.0 
Naphthalene 2.0 MDL MDL MDL MDL MDL MDL MDL na 1.0 
Phenol 2.8 3.9 5.2 MDL MDL MDL MDL MDL na 2.3 
alpha-Pinene 3.0 MDL MDL MDL MDL MDL MDL MDL na 1.5 
Styrene 3.1 MDL MDL MDL MDL MDL MDL MDL na 1.6 
Tetrachloroethene 4.7 MDL MDL MDL MDL MDL MDL MDL na 2.3 
Toluene 4.9 MDL MDL MDL MDL MDL MDL MDL na 2.5 
Trichloromethane  4.9 MDL MDL MDL MDL MDL MDL MDL na 2.4 
1,2,4-
Trimethylbenzene 3.3 MDL MDL MDL MDL MDL MDL MDL na 1.6 
Vinyl acetate 5.6 MDL MDL MDL MDL MDL MDL MDL na 2.8 
m,p-Xylene 3.8 MDL MDL MDL MDL MDL MDL MDL na 1.9 
o-Xylene 3.2 MDL MDL MDL MDL MDL MDL MDL na 1.6 

 
a) Blanks with a mass below the method mass detection limit are designated as “MDL” and were assigned a value of one half the method mass 

detection limit for calculating the average field blank sample mass. 
b) na: Sample 119-fb-030707 is an additional formaldehyde and acetaldehyde blank, no additional volatile organic compound blank. 
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Table 6. Winter-South field session field blank analyses for volatile organic compounds including formaldehyde and acetaldehyde. 
 

 
Winter-South Field Session Field Blank Analyses (ng)  

 
Compound 
 

Method Mass 
Detection 

Limit 

Sample ID 
039-vb-
012407 

Sample ID 
058-vb-
013107 

Sample ID 
080-vb-
013007 

Sample ID 
088-vb-
020507 

Sample ID 
091-vb-
030607 

Average Blank 
Sample Mass 

(ng)  

  Mass a Mass a Mass a Mass a Mass a Mass a 

Acetaldehyde 9 MDL 9.4 MDL 11 MDL 6.8 
Benzene 3.5 MDL MDL MDL MDL MDL 1.8 
2-Butoxyethanol 1.9 MDL MDL MDL MDL MDL 0.9 
Caprolactam 3.4 MDL MDL MDL MDL MDL 1.7 
1,4-Dichlorobenzene 2.9 MDL MDL MDL MDL MDL 1.5 
Ethylene glycol 16 MDL MDL MDL MDL MDL 8.2 
Formaldehyde 9 MDL MDL MDL 22 MDL 8.0 
Hexanal 1.4 MDL MDL 6.8 MDL MDL 1.9 
n-Hexane 4.2 MDL MDL MDL MDL MDL 2.1 
d-Limonene 4.2 MDL MDL 9.2 MDL MDL 3.5 
1-Methyl-2-
pyrrolidinone 6.0 MDL MDL MDL MDL MDL 3.0 
Naphthalene 2.0 MDL MDL MDL MDL MDL 1.0 
Phenol 2.8 MDL MDL 4.5 3.3 MDL 2.4 
alpha-Pinene 3.0 MDL MDL MDL MDL MDL 1.5 
Styrene 3.1 4.2 MDL 4.0 MDL MDL 2.6 
Tetrachloroethene 4.7 MDL MDL MDL MDL MDL 2.3 
Toluene 4.9 MDL MDL MDL MDL MDL 2.5 
Trichloromethane  4.9 MDL MDL MDL MDL MDL 2.4 
1,2,4-
Trimethylbenzene 3.3 MDL MDL MDL MDL MDL 1.6 
Vinyl acetate 5.6 MDL MDL MDL MDL MDL 2.8 
m,p-Xylene 3.8 MDL MDL MDL MDL MDL 1.9 
o-Xylene 3.2 MDL MDL MDL MDL MDL 1.6 
 

a) Blanks with a mass below the method mass detection limit are designated as “MDL” and were assigned a value of one half the 
method mass detection limit for calculating the average field blank sample mass. 
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Table 7. Precision of volatile organic compound measurements over a 24-hour period. 
 

 

Precision of Volatile Organic Compounds Concentrations (µg/m3)  
 
 Absolute Precision a Relative Precision b 

Compound 
 

N Min Max Mean Standard 
Deviation 

Relative 
Standard 
Deviation 

Min Max Mean Standard 
Deviation 

 

Relative 
Standard 
Deviation 

Acetaldehyde 17 0.1 7.2 1.7 2.2 1.3 0.01 0.33 0.12 0.12 0.98 
Benzene 13 0.01 0.9 0.2 0.3 1.4 0.01 0.11 0.05 0.04 0.75 
2-Butoxyethanol 12 1E-4 8.4 1.3 2.3 1.7 3E-4 1.03 0.19 0.27 1.46 
Caprolactam 0 na na na na na na na na na na 
1,4-Dichlorobenzene 1 0.003 0.003 0.003 - - 0.01 0.01 0.01 - - 
Ethylene glycol 6 0.4 8.1 3 2.9 0.9 0.07 0.35 0.15 0.11 0.72 
Formaldehyde 17 0.05 18 4.0 5.0 1.2 0.01 0.37 0.11 0.12 0.93 
Hexanal 13 0.002 2.9 0.7 0.7 1.0 3E-4 0.17 0.06 0.06 0.88 
n-Hexane 13 0.01 1.1 0.3 0.3 1.0 0.01 0.40 0.10 0.10 1.01 
d-Limonene 13 0.03 3.7 1.1 1.1 1.0 0.003 0.27 0.07 0.08 1.14 
1-Methyl-2-
pyrrolidinone 4 0.01 0.1 0.1 0.03 0.6 0.01 0.08 0.06 0.03 0.53 
Naphthalene 15 0.002 0.1 0.02 0.03 1.2 0.003 0.17 0.06 0.05 0.86 
Phenol 18 0.02 0.7 0.2 0.1 0.7 0.01 0.60 0.16 0.15 0.94 
alpha-Pinene 13 0.004 2.4 1.0 1.0 1.0 0.001 0.09 0.04 0.03 0.73 
Styrene 15 0.001 1.2 0.3 0.3 1.1 2E-4 0.67 0.27 0.24 0.90 
Tetrachloroethene 4 5E-4 0.1 0.04 0.04 0.8 5E-4 0.12 0.06 0.05 0.84 
Toluene 18 0.02 3 0.7 0.8 1.2 0.01 0.24 0.06 0.06 0.99 
Trichloromethane  6 0.02 0.3 0.1 0.1 1.0 0.02 0.15 0.08 0.05 0.67 
1,2,4-Trimethylbenzene 16 0.00 0.8 0.2 0.2 1.3 0.00 0.37 0.08 0.10 1.25 
Vinyl acetate 0 na na na na na na na na na na 
m,p-Xylene 17 0.01 2.9 0.5 0.8 1.5 5E-4 0.37 0.07 0.09 1.22 
o-Xylene 15 0.01 0.8 0.2 0.3 1.4 0.002 0.36 0.07 0.09 1.27 

 
a) Absolute precision is the absolute difference between the results of the sample pair. 
b) Relative precision is the relative standard deviation of the results of the sample pair. 
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Table 8. Winter-North field session field blank analyses for nitrogen dioxide and PM2.5  
particulate matter. 
 

 
Winter-North Field Session Field Blank Analyses (µg) 

 
Week Sample ID  

(Nitrogen Dioxide) 
Method Mass 

Detection 
Limit 

NO2 
a 

mass 
Sample ID 

(PM2.5 Particulate Matter) 
Method Mass 

Detection Limit 
PM2.5 

a 
mass 

 
1 025-NB-022107 0.8 MDL 025-PB-022107 1 -3 
1 101-NB-022207 0.8 MDL 101-PB-022207 1 -1 
 Week 1 Average 

Blank Sample Mass 
  

0.0 
Week 1 Average Blank 

Sample Mass 
  

-2 
2 002-NB-030107 0.8 MDL 002-PB-030107 1 -1 
2 108-NB-022807 0.8 MDL 108-PB-022807 1 -3 
 Week 2 Average 

Blank Sample Mass 
  

0.0 
Week 2 Average Blank 

Sample Mass 
  

-2 
3 114-NB-030607 0.8 MDL 114-PB-030607 1 -3 
 Week 3 Average 

Blank Sample Mass 
  

0.0 
Week 3 Average Blank 

Sample Mass 
  

-3 
 

a) Nitrogen dioxide blanks with a mass below the method mass detection limit are designated as “MDL” and 
were assigned a value of zero for calculating the average field blank sample mass. The average mass for the 
PM2.5 field blanks was calculated directly from the measured masses of the field blanks. 
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Table 9. Precision for carbon dioxide, carbon monoxide, nitrogen dioxide, and PM2.5 
measurements over a 24-hour period. 
 

 
 Precision Of Carbon Dioxide, Carbon Monoxide, Nitrogen Dioxide, and PM2.5 Measurements 

 

 Absolute Precision a Relative Precision b 

Compound 

 
N Min Max Mean Standard 

Deviation 
Relative 
Standard 
Deviation  

Min Max Mean Standard 
Deviation 

 

Relative 
Standard 
Deviation 

Carbon Dioxide  
(ppm) 17 1.7 69 16 17 1.1 0.01 0.15 0.02 0.04 1.46 
Carbon 
Monoxide  
(ppm) 17 0.0 1.5 0.6 0.5 0.8 0.01 1.39 0.53 0.50 0.93 
Nitrogen Dioxide  
(µg/m3) 4 0.2 0.3 0.2 0.1 0.4 0.01 0.03 0.02 0.01 0.25 
Particulate 
Matter PM2.5 

(µg/m3) 4 0.6 3.4 2.0 1.2 0.6 0.04 0.28 0.11 0.11 0.99 
 

a) Absolute precision is the absolute difference between the results of the sample pair. 
b) Relative precision is the relative standard deviation of the results of the sample pair. 
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Table 10. Summer and field session field blank analyses for PFT measurements. 
 

 
Summer and Winter Field Session Field Blank Analyses (pL) 

 
Group Method Volume 

Detection Limit 
Sample ID Blank Volume (pL) d 

Summer –1 a 0.001 006-tb-080806 0.021 

  
Summer-1 Blank  
Average Volume 0.021 

Summer –2 b 0.001 067-TB-092006 MDL 
Summer -2 0.001 055-TB-091406 MDL 
Summer -2 0.001 046-TB-090806 0.022 
Summer -2 0.001 033-TB-082406 MDL 
Summer -2 0.001 021-TB-081606 0.043 

  
Summer-2 Blank 
Volume Average 0.013 

Winter c 0.001 002-tb-030107 0.014 
Winter 0.001 025-tb-022107 0.024 
Winter 0.001 039-tb-012407 0.022 
Winter 0.001 058-tb-013107 0.010 
Winter 0.001 080-tb-013007 0.010 
Winter 0.001 088-tb-020507 0.029 
Winter 0.001 091-tb-020607 0.019 
Winter 0.001 101-tb-022207 0.009 
Winter 0.001 108-tb-022807 0.009 
Winter 0.001 114-tb-030607 0.028 

  
Winter Blank 

Volume Average 0.017 
 
a) Summer-1: This blank sample was used with the first 12 home of the Summer-North field 

session. 
b) Summer-2: These blank samples were used with homes 13–72 of the Summer-North and 

Summer-South field sessions. 
c) Winter: These blank samples were used with all of Winter homes, Winter-North and Winter-

South field sessions. 
d) Blanks with a volume below the method volume detection limit are designated as “MDL” and 

were assigned a value of one half the method volume detection limit for calculating the 
average field blank sample volume. 
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Table 11. Precision of PFT outdoor air exchange rates measured over the 24-hour Test Day and the following 
two-week period. 
 

 
 Precision of PFT Outdoor Exchange Rate Measurement 

 

 Absolute Precision (ach)a Relative Precision (ach) b 

 N Min Max Mean Standard 
Deviation 

Relative 
Standard 
Deviation 

Min Max Mean Standard 
Deviation 

 

Relative 
Standard 
Deviation 

 
24-Hour 
Measurement 11 0.002 0.03 0.01 0.01 0.76 0.003 0.05 0.02 0.01 0.60 
 
2-Week 
Measurement 4 0.002 0.02 0.01 0.01 0.87 0.01 0.01 0.01 0.005 0.42 
 

a) Absolute precision is the absolute difference between the results of the sample pair. 
b) Relative precision is the relative standard deviation of the results of the sample pair. 
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Table 12. Comparison of PFT measurements in the first and second zones of the home. 
 

 
PFT Measurements in Two Zones 

 
      

PFT Sample #1 
 

PFT Sample #2 
 

Difference 

Home 
ID 

 
Season 

FAU 
Hours 

On 

Window 
ft2/hrs 

Sample 
Period 

 
Location 

 
ACH 

 
Location 

 
ACH 

Absolute b 

(ach) 
Relative c  

 
019 

 
Winter 

 
5.5 

 
0 

 
24 hr 

 
1st Floor 
Family 
Room 

 
0.11 

 
2nd Floor 

 Loft 

 
0.10 

 
0.01 

 
0.07 

 
099 

 
Winter 

 
na a 

 
na a 

 
2 week 

 
1st Floor 
Family 
Room 

 
0.15 

 
2nd Floor  

Master 
Bed 

 
0.14 

 
0.01 

 
0.05 

 
116 

 
Winter 

 
0 

 
50.5 

 
24 hr 

 
1st Floor 
Family 
Room 

 
0.22 

  
2nd Floor  

Bonus 
Room 

 
0.16 

 
0.06 

 
0.22 

 
a) na: No data were collected over the two-week period. 
b) Absolute precision is the absolute difference between the results of the sample pair. 
c) Relative precision is the relative standard deviation of the results of the sample pair. 
 

 



 

 

 
Table 13. Home recruitment results for each region-season. 

 
 

Home Recruitment Results 
 

 
 

Summer  
North 

Summer 
South 

Fall  
North 

Winter  
South 

Winter  
North 

Total 
 

Homes that received mailer 1,358 1,408 15 1,486 1,500 5,764 

Homes from UCB Mail Survey 25% 23% 53% 21% 12% 20% 

Called to express interest in study 95 41 10 62 71 279 
Interest rate 7% 3% 67% 4% 5% 5% 
Homes contacted by phone 471 201 10 264 73 1,019 

Disconnected phone number 20 4 0 18 0 42 
Not qualified for study 18 3 0 3 2 26 

Refused/hung up/not interested 81 18 0 31 4 134 
Wrong address 3 8 0 7 22 40 

Language barrier 4 2 0 2 0 8 

Homes recruited 32 31 4 33 32 132 
Homes recruited with mechanical outdoor a 
air ventilation systems 18 4 0 4 17 43 

Homes recruited from UCB Mail Survey 53% 55% 50% 36% 31% 44% 

Recruitment rate for mailers 2% 2% 27% 2% 2% 2% 

Recruitment rate for calls 7% 15% 40% 13% 44% 13% 
 
a) Includes homes with nighttime ventilation cooling systems. 
 
Note: Not all homes that received a mailer also received a phone call. The number of homes recruited in the winter includes 10 
homes recruited for a seasonal repeat test in both the North and South regions and the four homes recruited for the fall were all 
repeats from the summer session. Total homes recruited was 108 with 24 seasonal repeat recruits.  
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Table 14. Home sample comparison for the field study to the UCB mail survey sample by geographical strata. 

 
 

Comparison of Field Study Sample to UCB Mail Survey Sample a  
 

 
 UCB Mail Survey 

Total Homes 

 
UCB Mail Survey  

% of Total 
Field Study  

Total Homes 
Field Study 
% of Total 

 
Sacramento/Delta Region 177 21 42 39 
 
Southern California Coastal 175 

 
21 

 
17 16 

 
Rest-of-State 489 58 49 45 
 
Total 841 100 108 100 
 

a) Total homes and percentage of total homes for the UCB mail survey sample three geographical strata and those recruited for 
this field study.  
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Table 15. Home characteristics-1. 
 

 
Home Characteristic Variables 

 
 
Variable 

 
N a 

 
Mean 

 
Standard 

Dev. 

 
Geometric 

Mean 

 
Geometric  
Std. Dev. 

 
Min 

 

 
10% 

 
25% 

 
50% 

 
75% 

 
90% 

 
Max 

Age of House (years) 105 3.5 0.8 2.2 12 1.7 2.4 3.0 3.4 4.0 4.3 5.5 
Area (ft2) 108 2,669 742 2,566 1.3 1,283 1,718 2,166 2,703 3,152 3,647 5,064 
Volume (ft3) 108 24,343 7,484 23,240 1.4 10,667 16,010 19,063 23,355 28,374 34,194 55,613 
Openable Window 
Area/Floor Area 108 0.06 0.01 0.06 1.2 0.03 0.05 0.06 0.06 0.07 0.08 0.1 
Garage Outdoor Air 
Venting (ft2)  93 0.6 0.7 - - 0.0 0.0 0.0 0.7 1.0 1.0 4.0 
Possible Fungal Growth 
(ft2) 107 0.01 0.1 - - 0.0 0.0 0.0 0.0 0.0 0.0 1.0 
Moisture Staining (ft2) 107 0.2 0.9 - - 0.0 0.0 0.0 0.0 0.0 0.0 9.0 
 
Interior Finish Materials (ft2) 
Floor - vinyl & linoleum  107 141 194 - - 0.0 0.0 0.0 42 240 462 715 
Floor - stone & ceramic 
tile  107 393 342 - - 0.0 0.0 82 349 650 857 1,421 
Floor - real wood 107 174 308 - - 0.0 0.0 0.0 0.0 270 718 1,156 
Floor - concrete & brick 107 6.5 65 - - 0.0 0.0 0.0 0.0 0.0 0.0 675 
Floor – rug  107 40 66 - - 0.0 0.0 0.0 0.0 56 152 254 
Floor - carpet 107 1,326 511 996 7.9 210 695 975 1,311 1,683 2,021 2,624 
Floor - composite wood 107 39 167 - - 0.0 0.0 0.0 0.0 0.0 0.0 979 
Wall - composite wood 107 0.0 0.0 - - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Ceiling - composite wood 107 0.0 0.0 - - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Furniture/cabinetry 
composite wood 107 990 512 721 7.7 263 422 607 898 1,239 1,749 2,925 
Total composite wood 107 1,030 532 746 7.8 263 422 615 925 1,306 1,758 2,925 
 
  a) The number of homes with completed data. 
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Table 16. Home characteristics-2. 

 
 

Home Characteristic Variables 
 
 
Variable 
 N a % Variable N a % 

Number of Stories   Range(s)   

  - 1 Story 108 34   - Gas fuel 108 2 

  - 2 Story 108 66   - Electric fuel 108 98 

Number of Bedrooms     - Range exhaust ducted outdoor 108 85 

  - 2 Bedrooms 108 8 Oven(s)   

  - 3 Bedrooms 108 20   - Gas fuel 108 27 

  - 4 Bedrooms 108 46   - Electric fuel 108 73 

  - 5 Bedrooms 108 19   - Oven exhaust ducted outdoor 108 2 

  - 6 Bedrooms 108 6 Clothes Dryer   

Number of Bath and Toilette Rooms     - Gas Fuel 103 76 

  - 2 Rooms 108 26   - Electric Fuel 103 24 

  - 3 Rooms 108 55   - Exhaust ducted outdoor 103 98 

  - 4 Rooms 108 14   - Exhaust Leaks 103 11 

  - 5 Rooms 108 6 FAU System   

Attic Present 107 99   - Gas fuel 81 100 

Garage Present 108 100   - Electric fuel 81 0 

  - Attached  108 99   - T-Stat fan mode – Auto 99 100 

  - Detached 108 1   - T-Stat fan mode – On 99 0 

  - Attached door  108 99 Water Heater   

  - Weather-stripped attached door 108 100   - Gas fuel 106 98 

  - Self closing attached door  108 98   - Electric fuel 106 2 

  - Outdoor air venting 108 97 Portable Air Cleaners Present 101 14 

  - Used for vehicle parking  108 92 Window Fan Present 108 4 

  - Living space above 108 60 Window Air Conditioner Present  108   0 

  - Solvent smell 108 7   - Has Outdoor Air Supply 108 0 

  - Moisture staining 108 2 Odor Upon Entry 108 27 

  - Musty smell 108 9 
HEPA Filtered Vacuum Cleaner 
Present 108 39 

Foundation Type   Air Fresheners Present 99 20 

  - Slab 107 97 Fireplaces Present 107 85 

  - Crawlspace 107 1   - Decorative gas log vented 108 61 

  - Basement 107 1   - Sealed combustion vented 108 31 

     - Unvented gas logs 107 0 
 

a) Number of homes with completed data. 
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Table 17. Home characteristics-3. 

 
 

Home Characteristic Variables 
 
 
Variable 
 

 
N a % 

Variable 
N a % 

Primary Kitchen Cabinetry   Overall Home Clutter   

  - Composite wood - no interior laminate 108 2   - 1 No clutter  108 49 

  - Composite wood - interior laminate 108 97   - 2 Some clutter 108 41 

  - Solid wood 108 1   - 3 Moderately cluttered 108 8 

  - Metal 108 0   - 4 Very cluttered 108 2 

Bathroom Cabinetry   
 
Outdoor Contaminant Sources b   

  - Composite wood - no interior laminate 108 1   - Busy street or freeway 108 7 

  - Composite wood - interior laminate 108 99   - Construction or road work 108 3 

  - Solid wood 108 0   - Dirt or gravel road 108 7 

  - metal 108 0   - Restaurant 108 8 

Overall Cleanliness     - Industrial activity 108 4 

  - 1 Very clean 108 72   - Open field or crops 108 8 

  - 2 A bit dirty 108 26   - Gas station 108 13 

  - 3 Moderately dirty 108 1   - Dry cleaners 108 5 

  - 4 Very dirty 108 1   - Bus or truck activity 108 0 

     - No sources 108 45 
 

a) Number of homes with completed data. 
b) Outdoor sources within 500 feet. 
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Table 18. Homeowner reported home characteristics, renovations, maintenance, and other IAQ 
related activities-1. 

 
 

Home Characteristics, Renovations, Maintenance and 
Other IAQ Related Activities 

 
 
Variable 

 
Na 

 
% 

 
How many adults live in the home   

  - 1 108 8 

  - 2 108 73 

  - 3 108 14 

  - 4 108 4 

  - 5 108 1 
 
How many children under 18 live in the home   

  - 0 108 46 

  - 1 108 17 

  - 2 108 25 

  - 3 108 8 

  - 4 108 3 

  - 5 108 1 
 
How many occupants who live in the home are smokers b   

  - 0 107 97 

  - 1 107 2 

  - 2 107 0 

  - 3 107 1 
 
Do pets live in the home? 106 56 
 
Are shoes worn in the home? 108 57 
 
Are there cloths or drapes that have been dry-cleaned within the 
last week 104 16 
 

a) Number of homes with completed data. 
b) Homes that reported occupants that smoke inside the home were excluded from this study, 

thus the occupants who live in the home and smoke are ones that report only smoking 
outside of the home.  
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Table 19. Homeowner reported home characteristics, renovations, maintenance, and other IAQ related 
activities-2. 

 
 

Home Characteristics, Renovations, Maintenance 
and Other IAQ Related Activities 

 
 
Variable 

 
N a 

 
% 

 
Have there been any of the following in the home within the past 6 months: 
(Note: 3 months for repeat)   

Painting 108 32 

Caulking 107 12 

Carpet installation 108 7 

New cabinetry 105 3 

New furniture 106 22 

Other 82 10 

Duct cleaning 107 1 

Duct sealing 105 1 

Pesticide applications 104 42 

Fire/smoke damage 108 0 

Mold or moisture remediation 107 6 
 
Are any of the following used in the home:   

Portable air cleaners 103 17 

Vacuum cleaners 107 100 

Window fans 102 6 

Window air conditioners 103 3 

Plug-in air fresheners 102 33 

Candles 101 58 

Incense 101 11 

Mothballs 101 7 

Hobbies and crafts 95 28 
 
Are any of the following stored in your home or garage:   

Paints, varnishes, paint thinners 107 94 

Kerosene, gasoline, propane, lighter fluid, self lighting charcoal 106 70 

Pesticides, insecticides, lawn/garden chemicals 108 89 

Cleaning supplies, e.g., bleach, detergents 108 100 

Latex products 105 61 
 
Are motor vehicles stored in the garage: 108 92 
 
  a) Number of homes with completed data. 
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Table 20. Homeowner reported home characteristics, renovations, maintenance and other IAQ related 
activities-3. 

 
 

Home Characteristics, Renovations, Maintenance and 
Other IAQ Related Activities 

 
 
Variable  

 
N a 

 
% 

 
How often are the carpets and rugs in the most heavily used rooms vacuumed:   

Twice per week or more often 108 13 

About once per week 108 45 

About every two weeks 108 26 

About every 3 to 4 weeks 108 11 

Less often 108 5 
 
What methods, other than sweeping or vacuuming, have been used in the 
home to clean the carpets?   

Steam cleaning 92 37 

Professionally dry cleaned 92 16 

Spot cleaned or dry cleaned by homeowner 92 63 
 
Since you have lived in this home, has it had any of the following conditions?    

Significant condensation on windows or other indoor surfaces 108 4 

Roof leaks 108 4 

Plumbing leaks 108 10 

Wall or window leaks 108 13 

Flooding 108 3 

Poor site drainage 108 6 

Bothersome carpet odors 108 2 

Bothersome cabinetry odors 108 6 

Other unpleasant odors 108 7 

Other moisture problems 108 7 
 
  a) Number of homes with completed data. 
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Table 21. Mechanical outdoor air system types and controls. 
 

 
Mechanical Outdoor Air System Types And Control Variables 

 
 
Variable 

 
N a 

 
% 

Homes with one or more Mechanical Outdoor Air Systems 108 33 

Homes with Multiple Mechanical Outdoor Air Systems 108 4 

Homes with only a Ducted Outdoor Air Systems (DOA) 108 16 

Homes with only a Heat Recovery Ventilator Systems (HRV) 108 6 

Homes with Nighttime Cooling Systems (WHF or RAD) 108 11 

Homes with Evaporative Cooling Systems 108 1 
 
System Characteristics: 
System Type N b % 

• FAU with Ducted Outdoor Air (DOA) 40 43 

• Heat Recovery Ventilator (HRV) 40  23 

• Nighttime Cooling FAU Return Air Damper (RAD) 40 15 

• Nighttime Cooling Whole House Fan (WHF) 40 13 

• Evaporative Cooler (EC) 40 3 

• Window Fan (WF) 40 3 
 
Damper Type 
• Manual 40 30 

• Automatic 40 33 

• Gravity 40 13 

• No damper 40 25 
 
Operation Control Type 
• With the FAU Thermostat  40 45 

• On/Off Switch 40 33 

• FAU Fan Cycler 40 18 

• Timer 40 5 
 
Control Location 

• Home  40 75 

• Attic 40 25 
 
  a) N represents the number of homes with complete data. 
  b) N represents the total number of mechanical outdoor air systems. 
 

 



 

 

 
Table 22. Forced air unit (FAU) heating/cooling system duct leakage measurements. 

 
 

Forced Air Unit Heating/Cooling System Duct Leakage 
 
 
Variable 

 

 
N 

 
Mean 

 
Standard 

Dev. 

 
Geometric 

Mean 

 
Geometric 
Std. Dev. 

 
Min 

 

 
10% 

 
25% 

 
50% 

 
75% 

 
90% 

 
Max 

 
FAU Duct  a, b 

Leakage (%) 
138 

 
11.9 

 

 
8.7 

 
6.5 

 
21.1 

 
1.9 

 
5.2 

 
7.4 

 
10 

 
13 

 
17 73 

 
 
FAU Duct Leakage c 
Ratio 

 
119 

 
2.2 

 
1.5 

 
0.1 

 
1051 

 
1.0 

 
1.2 

 
1.5 

 
1.7 

 
2.3 

 

 
2.9 12.3 

 
 

 

 
% Homes Fail to Meet CBC Requirement 

 

 
CBC – 2005 
Requirement 

 
 
FAU Duct Leakage 
 

138 
 

86 
 

 
< 6% 

 
 
a) Measured by sealing all supply registers and pressurizing the FAU system to 25 pascals at the return air grille. 
b) Measured duct leakage flowrate / total system flow rate, multiplied by 100 (%). 
c) Measured duct leakage percentage/6% for homes with duct leakage exceeding 6%. 
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Table 23. Building envelope air leakage measurements. 

 
 

Building Envelope Air Leakage 
 
 
Variable 

 

 
N 

 
Mean 

 
Standard 

Dev. 

 
Geometric 

Mean 

 
Geometric 
Std. Dev. 

 
Min 

 

 
10% 

 
25% 

 
50% 

 
75% 

 
90% 

 
Max 

 
Average Wind a  
Speed (mph) 108 5.8 2.8 5.2 1.7 1.4 2.3 3.9 5.7 7.2 9.5 16 
 
Indoor/Outdoor  
Temperature  
Difference (0F) 108 5.4 3.9 - - -2.3 0.3 2.2 5.3 8.2 11 14 
 
Effective Leakage b 
Area (in2) 106 110 36 68 23 56 72 85 104 125 148 261 
 
SLA c 107 2.9 0.7 2.0 14 1.4 2.1 2.5 2.9 3.3 3.7 5.6 
 
ACH50 

d (ach) 106 4.9 0.9 4.0 6.9 2.8 3.8 4.3 4.8 5.4 6.2 8.4 
 

a) Collected from local weather station data and averaged over the 24-hour Test Day. 
b) Calculated from a multi-point depressurization (0–50 pascals) test using a blower door. 
c) SLA calculated by ELA/ft2 of floor area x 69.44. 
d) Measured while the home is depressurized to 50 pascals using a blower door. 
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Table 24. Home-to-garage air leakage measurements. 

 
 

Home-to-Garage Air Leakage Measurements 
 
 
Variable 

 

 
N 

 
Mean 

 
Standard 

Dev. 

 
Geometric 

Mean 

 
Geometric 
Std. Dev. 

 
Min 

 

 
10% 

 
25% 

 
50% 

 
75% 

 
90% 

 
Max 

 
Home-to-Garage Leakage a  
Area EqLA (in2) 105 22 19 6.3 94 0 6.4 11 16 24 42 97 
 
Garage-to-Outdoor Leakage a  

Area EqLA  (in2) 105 191 135 82 51 38 62 107 156. 243 336 959 
 
Home-to-Garage Pressure b 
(pascals) 107 -48 -2.9 -39 -8.5 -34 -44 -47 -49 -49 -50 -55 
 
Coupling Factor b, c 107 0.05 0.05 - - 0 0 0.01 0.03 0.07 0.12 0.26 
 
Leakage Ratio d (%) 105 5.5 3.5 - - 0 1.9 3.1 4.9 7.1 9.6 18 
 

a) Calculated from two multi-point depressurization tests (0–50 pascals), one with the home-garage door closed and one with the door 
open. Leakage areas are calculated using a reference pressure of 10 pascals. 

b) Measured with the home depressurized to 50 pascals to outdoor air. 
c) Calculated from garage-to-outdoor differential pressure / home-to-outdoor differential pressure, 0= no coupling, 1= total coupling.  
d) Calculated from home-to-garage leakage area / (home-to-outdoor leakage area + garage-to-outdoor leakage area) x 100. Leakage 

areas are calculated using a reference pressure of 10 pascals. 
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Table 25. Window and door opening usage during the 24-hour air testing day and the preceding one-week. 
 

 
Window and Door Usage for the 24-Hour Test Day and the Preceding One-Week 

 
 N Mean Standard 

Dev. 
Geometric 

Mean 
Geometric 
Standard 

Dev. 

Min 10% 25% 50% 75% 90% Max 

 
Windows/Doors  
 
Test Day 24 hr Usage a 

(ft2-hrs) 108 209 366 - - 0 0 0 46 300 623 2,448 
Week Average Usage b 

(ft2-hrs) 108 186 268 - - 0 0 4.5 70 248 535 1,260 
Test Day / Week Average 
Usage Ratio 108 1.1 1.0 - - 0 0 0.4 1.0 1.3 2.0 7.0 
Log/Logger Ratio 
Week Average 136 1.7 6.6 0.9 2.3 0.04 0.5 0.9 1.0 1.0 1.5 74 
 
Garage Door   
 
Test Day 24 hr Usage a 

(ft2-hrs) 105 0.31 0.9 0.07 4.4 0.003 0.02 0.03 0.06 0.15 0.57 6.2 
Week Average Usage b 

(ft2-hrs) 105 0.39 1.1 0.10 4.3 0.004 0.02 0.04 0.07 0.22 0.62 8.0 
Test Day / Week Average 
Usage Ratio 105 1.1 1.0 0.8 2.7 0.01 0.22 0.52 0.85 1.3 2.5 6.1 

 
No Window/Door Usage N Number of Homes with No Window/Door Usage  % No Window/Door Usage 
Test Day a 108 34 32 
Preceding Week b 108 16 15 

 
a) Test day usage: is measured during the 24-hour air testing day. 
b) Preceding week usage: measured during the one-week usage preceding the 24-hour Test Day. 
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Table 26. Percentage comparisons of actual measured home window/door usage and 
the homeowner’s estimated seasonal usage in the UCB mail survey. 

 
 

Percentage Comparisons of Measured and Estimated Window/Door Usage  

 
 

 
Home-Dates a 

 
N 

 
Percentage of 

Homes 
(%) 

 
Zero measured usage and 
zero estimated usage 48 7 15 
 
Measured usage and zero 
estimated 48 5 10 
 
Measured usage within b 
estimated usage range  48 7 15 
 
Measured usage higher c 
than high end estimated 
usage  48 25 52 
 
Measured usage lower d 
than low end estimated 
usage  48 4 8.3 
 

a) Home-Dates: Total of 48 home seasonal measurement dates in 26 homes. 
b) The actual measured week average usage is within the range of the homeowner estimated 

usage from the UCB mail survey for that season and homes with non-zero usage. 
c) The actual measured week average usage is larger than the high end of the homeowner 

estimated usage from the UCB mail survey for that season. 
d) The actual measured week average usage is lower than the low end of the homeowner 

estimated usage from the UCB mail survey for that season. 
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Table 27. Differences between the actual measured home window/door usage and the homeowner’s estimated 
seasonal usage in the UCB mail survey. 

 
 

Differences Between Measured and Estimated Window/Door Usage  
 

Compound N Mean Standard 
Deviation 

Geometric 
Mean 

Geometric 
Standard 
Deviation 

Min 10% 25% 50% 75% 90% Max 

 
Measured 
usage in 
homes with 
zero 
estimated 
usage  
(ft2-hrs) 5 33 67 4.4 10.5 0.3 0.3 1.1 3.1 9.6 153 153 
 
Measured a 
usage  

above high 
end  
estimated 
usage ratio  25 48 209 4.1 4.7 1.0 1.2 1.5 3.1 6.3 18 1,050 
 
Measured b 
usage  

below low end 
estimated 
usage ratio  4 0.2 0.2 - - 0.0 0.0 0.02 0.04 0.3 0.5 0.5 

 
a) Ratio of the actual measured week average usage to the high end estimated usage in homes with higher actual 

usage than estimated usage for that season. 
b) Ratio of the actual measured week average usage to the low end estimated usage in homes with lower actual 

usage than estimated usage for that season. 
 



 

 

 
Table 28. Mechanical system usage for the 24-hour Test Day period and the ratio of the Test Day usage to the week average usage. 

 
 

Mechanical System Usage (hours) 
 
 
Variable 

 

 
N 

 
Mean 

 
Standard 

Dev. 

 
Geometric 

Mean 

 
Geometric 
Std. Dev. 

 
Min 

 

 
10% 

 
25% 

 
50% 

 
75% 

 
90% 

 
Max 

 
Test Day Usage a             

Kitchen Exhaust 108 0.2 0.5 - - 0 0 0 0 0 0.8 3.6 

Bathroom Exhaust 105 0.7 1.4 - - 0 0 0 0.05 0.7 1.9 7.5 
Other Exhaust (i.e., dryer, 
laundry) 108 1.2 2.2 - - 0 0 0 0.3 1.5 3.5 17 

Ducted Outdoor Air (DOA) 14 4.3 4.8 2.2 3.9 0.1 0.4 1.5 2.5 6.1 9.7 18 
Heat Recovery Ventilator 
(HRV) 8 21 6.1 20 1.5 7.8 13 22 24 24 24 24 
Whole House Fan (WHF) 5 3.4 4.9 - - 0 0 0 0.7 4.8 11 11 
FAU with Return Air 
Damper (RAD) 6 6.5 7.3 - - 0 0 0 5.3 12.8 16 16 
Forced Air Unit #1 108 3.2 5.6 - - 0 0 0 1.1 3.6 9.7 24 
 
Test Day/Week Average b 
Usage Ratio             
Kitchen Exhaust 108 1.4 1.9 - - 0 0 0.5 1.0 1.0 5.0 7.0 
Bathroom Exhaust 105 1.4 1.9 - - 0 0 0.3 1.0 1.3 4.0 7.0 
Other Exhaust (i.e., dryer, 
laundry) 108 1.3 1.6 - - 0 0 0 0.9 1.8 3.4 7.0 
Ducted Outdoor Air (DOA) 14 1.7 1.8 1.0 3.1 0.09 0.13 0.9 1.1 1.7 3.6 7.0 
Heat Recovery Ventilator 
(HRV) 8 1.0 0.04 1.0 1.0 0.9 1.0 1.0 1.0 1.0 1.0 1.0 
Whole House Fan (WHF) 5 0.6 0.4 - - 0 0 0.5 0.7 1.0 1.0 1.0 
FAU with Return Air 
Damper (RAD) 6 1.0 0.1 1.0 1.1 0.9 0.9 1.0 1.0 1.2 1.2 1.2 
Forced Air Unit #1 108 1.2 1.5 - - 0 0 0.1 0.9 1.2 2.5 7.0 
 
  a) Hours of usage during the 24-hour Test Day period. 
  b) Ratio of the hours of usage during the 24-hour Test Day to the average 24-hour usage measured during the previous week. 
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Table 29. Mechanical outdoor air ventilation system characteristics and code requirements. 
 

 
Outdoor Air Exchange Rate Code Requirement Variables 

 
 
Variable 

 

 
N 

 
Min 

 
10% 

 
25% 

 

 
50% 

 
75% 

 

 
90% 

 
Max 

 
% Homes Fail d  
ASHRAE 62.2 - 
2004 Guidelines 

 
% Homes Fail e 
Title 24 ACM - 

2001 
Requirements  

Ducted Outdoor Air 
Systems (DOA) a           
  - 24 hr average outdoor 
airflow rate (ach) b 14 0.002 0.002 0.002 0.01 0.03 0.07 0.08 
  - 24 hr average fan ON 
time (%) b 14 0.6 1.6 6.4 10 25 35 74 
  - Outdoor airflow rate 
(cfm)  14 8.8 14 27 38 51 68 355 
Title 24 ACM - 2001 
requirements (cfm) 14 60 64 79 90 102 152 172 
ASHRAE 62.2 guidelines 
(cfm) 14 35 36 40 49 55 75 82 

64 86 

Heat Recovery Ventilators, 
(HRV) c           
  - 24 hr average outdoor 
airflow rate (ach) b 8 0.12 0.17 0.22 0.30 0.44 0.45 0.47 
  - 24 hr average fan ON 
time (%) b 8 32 55 90 100 100 100 100 
  - Outdoor airflow rate 
(cfm)  8 66 83 113 128 150 155 159 
Title 24 ACM - 2001 
requirements (cfm) 8 81 83 93 107 116 124 134 
ASHRAE 62.2 guidelines 
(cfm) 8 40 45 50 54 61 64 66 

0 22 

a) DOA systems not disabled during the 24-hour Test Day. 
b) Mechanically provided outdoor air exchange rate measured during the 24-hour Test Day. 
c) HRV systems not disabled during the 24-hour Test Day. 
d) ASHRAE 62.2-2004 requirement: 0.01 cfm/ft2 floor area + 15 cfm times (#bedrooms +1) 
e) California Title 24 ACM-2001 requirement: 0.047 cfm/ft2 floor area for homes built with an intended envelope air tightness of SLA less 

than 3.0. 
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Table 30. PFT measurements of outdoor air exchange rates for the 24-hour Test Day and the following two-week period. 

 
 

PFT Measurement of Outdoor Air Exchange Rates 
 

 N Mean Standard 
Deviation 

Geometric 
Mean 

Geometric 
Std. Dev. 

Min 10% 25% 50% 75% 90% Max CBC Code a 
Requirement  

 
24-Hour 
Measurement 
(ach) 107 b 0.48 0.78 0.31 2.24 0.09 0.13 0.18 0.26 0.45 0.85 5.3 0.35 

 
 
2-Week 
Measurement 
(ach) 21 b 0.45 0.54 0.31 2.23 0.11 0.14 0.19 0.24 0.42 0.83 2.3 0.35 

 
 
24-Hour vs. 
2-Week              
 
  - Absolute 
difference c 

 
35 b 

0.49 1.13 0.08 6.99 0.001 0.01 0.03 0.07 0.30 1.7 5.1 na 
 
  - Relative 
Difference d 

 
35 b 

0.32 0.31 0.16 3.92 0.01 0.02 0.06 0.19 0.58 0.84 1.1 na 
 
a) 2001 California Building Code (CBC), Appendix Chapter 12, Interior Environment, Division 1-Ventilation, Table A-12-A, Outdoor Air 

requirements for Ventilation, Living Areas. 
b) 107 homes, in the All Homes Sample Frame, with 24-hour PFT measurements. 21 homes in the All Homes Sample Frame with 

2-week measurements and 35 homes for all homes tested with both 24-hour and 2-week measurements. 
c) Absolute difference is calculated as the absolute difference between the 24-hour and two-week samples. 
d) Relative difference is calculated as the relative standard deviation of a 24-hour and two-week samples. 
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Table 31. Comparison of outdoor air exchange rate PFT measurements to CBC 2001 minimum code requirements. 
 

 
Comparison of Outdoor Exchange Rate PFT Measurements to CBC 2001 Minimum Code Requirements 

 
  

Ratio of outdoor air exchange rate to CBC 2001 minimum codes requirements  
for homes below code requirements 

 

 

  
N 

 
Mean 

 
Standard 
Deviation 

 

 
Geometric 

Mean 

 
Geometric 
Standard 
Deviation 

 
Min 

 
10% 

 
25% 

 
50% 

 
75% 

 
90% 

 
Max 

 
% < CBC 

Code 
Requirement 

 

 
CBC Code a 
Requirement  

 
24-Hour 

Measurement 
(ach) 

72 
 

0.61 
 

0.21 
 

0.57 
 

1.5 
 

0.25 
 

0.31 
 

0.46 
 

0.58 
 

0.75 
 

0.92 
 

1.0 
 

 
 

67 
 

0.35 
 

 
a) 2001 California Building Code (CBC), Appendix Chapter 12, Interior Environment, Division 1-Ventilation, Table A-12-A, Outdoor Air 

Requirements for Ventilation, Living Areas. 
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Table 32. Percentage of samples with concentrations of volatile organic compounds greater than the method detection  
limit concentration. 

 
 

Percent of Samples with Concentrations of Volatile Organic Compounds  
Greater than the Method Detection Limit Concentration  

 
Compound 

 
N 

Indoor/ 
Outdoor 

MDL Mass a 

(ng) 
MDL 

Concentration b 
(ug/m3) 

Indoor Air 
Guideline 
 (ug/m3) 

Ratio of MDL 
Concentration 
to Guideline 

%> MDL 
Concentration  

Indoor Air 

%> MDL 
Concentration 

Outdoor Air 
Acetaldehyde 105/ 39 9.0 0.30 9c 3E-2 100 97 
Benzene 107/ 40 3.5 0.25 60c

 4E-3 73 55 
2-Butoxyethanol 107/ 40 1.9 0.13 3,000d 4E-5 86 10 
Caprolactam 107/ 40 3.4 0.24 500d 5E-4 0 3 
1,4-Dichlorobenzene 107/ 40 2.9 0.21 800c 3E-4 29 8 
Ethylene glycol 107/ 40 16.4 1.17 400c 3E-3 56 0 
Formaldehyde 105/ 39 9.0 0.30 33e 9E-3 100 97 
Hexanal 107/ 40 1.4 0.10 na na 99 60 
n-Hexane 107/ 40 4.2 0.30 7,000c 4E-5 80 40 
d-Limonene 107/ 40 4.2 0.30 na na 93 15 
1-Methyl-2-pyrrolidinone 107/ 40 6.0 0.43 2,000d 2E-4 13 0 
Naphthalene 107/ 40 2.0 0.14 9c

 2E-2 82 25 
Phenol 107/ 40 2.8 0.20 200c 1E-3 100 98 
alpha-Pinene 107/ 40 3.0 0.22 2,800d 1E-4 99 8 
Styrene 107/ 40 3.1 0.22 900c 2E-4 93 38 
Tetrachloroethene 107/ 40 4.7 0.33 35c 1E-2 27 10 
Toluene 107/ 40 4.9 0.35 300c 1E-3 100 88 
Trichloromethane  107/ 40 4.9 0.35 300c 1E-3 42 0 
1,2,4-Trimethylbenzene 107/ 40 3.3 0.24 3,125d 1E-4 87 63 
Vinyl acetate 107/ 40 5.6 0.40 200c 2E-3 2 0 
m,p-Xylene 107/ 40 3.8 0.27 700c 4E-4 97 90 
o-Xylene 107/ 40 3.2 0.23 700c 3E-4 91 63 

 
a) MDL mass = Method mass detection limit for GS/MS VOC analysis and HPLC formaldehyde and acetaldehyde analyses. 
b) MDL concentration = Method concentration detection limit for typical air sample volumes; 14 L for VOCs and 30 L for formaldehyde and 

acetaldehyde. 
c) OEHHA Chronic Reference Exposure Levels (OEHHA 2003).  
d) 1/40th of the 8-hour occupational health guideline in µg/m3 (e.g., Cal/OSHA PELs, ACGIH TLVs, DFG MAKs). 
e) Formaldehyde – California Air Resources Board Indoor Air Quality Guideline, 2005.  na = no available guideline. 
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Table 33. Concentrations of individual volatile organic compounds measured indoors over the 24-hour Test Day. 
 

 

Indoor Concentrations of Volatile Organic Compounds (µg/m3)  
 
Compound 

 
N Mean Standard 

Dev. 
Geometric 

Mean 
Geometric 
Std. Dev. 

Min 10% 25% 50% 75% 90% 
 

Max Indoor 
Guideline 

Acetaldehyde 105 25 20 19 2.3 1.9 6.3 12 20 32 55 102 9a 

Benzene 107 1.6 2.2 0.8 3.8 0.1 0.1 0.1 1.1 2.0 4.3 15 60a
 

2-Butoxyethanol 107 7.3 19 2.0 6.0 0.1 0.2 0.9 2.8 6.0 14 180 3,000b 
Caprolactam 107 0.1 0.01 0.1 1.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 500b 

1,4-Dichlorobenzene 107 5.2 27 0.2 5.0 0.1 0.1 0.1 0.1 0.2 1.7 219 800 a 
Ethylene glycol 107 12 20 3.2 5.6 0.5 0.6 0.6 3.2 16 36 120 400 a 
Formaldehyde 105 43 27 36 1.9 4.8 14 25 36 58 86 136 33c 

Hexanal 107 10 7.9 7.0 2.7 0.1 2.3 4.1 7.6 14 22 35 na 
n-Hexane 107 2.3 3.9 0.9 3.8 0.1 0.2 0.3 0.8 2.5 5.2 24 7,000 a 
d-Limonene 107 18 25 7.6 5.0 0.1 0.9 3.5 11 21 37 152 na 
1-Methyl-2-
pyrrolidinone 

107 
0.4 0.8 0.3 1.7 0.2 0.2 0.2 0.2 0.2 0.4 8.3 2,000 b 

Naphthalene 107 0.3 0.5 0.2 2.3 0.1 0.1 0.1 0.2 0.3 0.6 4.9 9a
 

Phenol 107 2.0 1.3 1.6 2.0 0.2 0.6 1.1 1.7 2.6 3.9 6.5 200 a 
alpha-Pinene 107 15 13 9.3 3.3 0.1 1.9 6.6 11 20 33 65 2,800 b 
Styrene 107 1.8 6.0 0.9 2.8 0.1 0.2 0.6 0.9 1.8 2.8 62 900 a 
Tetrachloroethene 107 0.6 2.3 0.3 2.4 0.1 0.2 0.2 0.2 0.3 0.6 23 35 a 
Toluene 107 17 22 9.5 2.9 0.3 3.0 4.8 8.5 18 42 115 300 a 
Trichloromethane  107 0.7 1.4 0.4 2.8 0.1 0.2 0.2 0.2 0.7 1.8 12 300a 
1,2,4-
Trimethylbenzene 

 
107 1.8 2.0 1.0 3.2 0.1 0.1 0.6 1.1 2.3 3.8 13 3,125 b 

Vinyl acetate 107 0.2 0.02 0.2 0.2 0.1 0.2 0.2 0.2 0.2 0.2 0.3 200 a 
m,p-Xylene 107 7.1 8.4 4.2 3.1 0.1 1.4 2.3 4.2 9.2 15 60 700 a 
o-Xylene 107 2.1 2.7 1.1 3.3 0.1 0.1 0.6 1.2 2.7 4.7 20 700 a 

 
a) OEHHA Chronic Reference Exposure Levels (OEHHA 2003). 
b) 1/40th of the 8-hour occupational health guideline in µg/m3 (e.g., Cal/OSHA PELs, ACGIH TLVs, DFG MAKs).  
c) Formaldehyde – California Air Resources Board Indoor Air Quality Guideline, 2005.  na = no available guideline. 
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Table 34. Concentration of individual volatile organic compounds measured outdoors over the 24-hour Test Day. 
 

 
Outdoor Concentrations of Volatile Organic Compounds (µg/m3)  

 
Compound 

 
N Mean Standard 

Deviation 
Geometric 

Mean 
Geometric 
Std. Dev. 

Min 10% 25% 50% 75% 90% Max Indoor 
Guideline 

Acetaldehyde 39 2.1 1.4 1.5 2.6 0.2 0.3 1.0 2.2 3.3 4.0 5.0 9a 

Benzene 40 0.5 0.5 0.3 2.6 0.1 0.1 0.1 0.3 0.7 1.2 2.1 60a
 

2-Butoxyethanol 40 0.1 0.2 0.1 1.9 0.1 0.1 0.1 0.1 0.1 0.1 0.8 3,000b 
Caprolactam 40 0.1 0.04 0.1 1.2 0.1 0.1 0.1 0.1 0.1 0.1 0.3 500b 

1,4-
Dichlorobenzene 

 
40 0.1 0.1 0.1 1.3 0.1 0.1 0.1 0.1 0.1 0.1 0.4 800 a 

Ethylene glycol 40 0.6 0.03 0.6 1.1 0.5 0.6 0.6 0.6 0.6 0.6 0.7 400 a 
Formaldehyde 39 2.2 1.4 1.8 2.1 0.2 0.7 1.2 2.1 2.9 3.5 8.0 33c 

Hexanal 40 0.2 0.2 0.2 2.7 0.1 0.1 0.1 0.2 0.4 0.5 0.7 na 
n-Hexane 40 0.3 0.3 0.2 2 0.1 0.2 0.2 0.2 0.3 0.9 1.1 7,000 a 
d-Limonene 40 0.2 0.2 0.2 1.7 0.1 0.1 0.2 0.2 0.2 0.4 1.5 na 
1-Methyl-2-
pyrrolidinone 

 
40 0.2 0.01 0.2 1.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 2,000 b 

Naphthalene 40 0.1 0.03 0.1 1.4 0.1 0.1 0.1 0.1 0.1 0.1 0.2 9a
 

Phenol 40 0.6 0.3 0.5 2.1 0.02 0.2 0.4 0.5 0.7 0.9 1.6 200 a 
alpha-Pinene 40 0.1 0.04 0.1 1.2 0.1 0.1 0.1 0.1 0.1 0.1 0.3 2,800 b 
Styrene 40 0.2 0.2 0.1 1.8 0.03 0.1 0.1 0.1 0.2 0.3 0.7 900 a 
Tetrachloroethene 40 0.2 0.1 0.2 1.3 0.1 0.2 0.2 0.2 0.2 0.2 0.4 35 a 
Toluene 40 1.7 1.4 1.2 2.6 0.2 0.2 0.8 1.2 2.2 4.0 6.3 300 a 
Trichloromethane  40 0.2 0.01 0.2 1.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 300a 
1,2,4-
Trimethylbenzene 

 
40 0.4 0.3 0.3 2.2 0.1 0.1 0.1 0.2 0.6 0.8 1.0 3,125 b 

Vinyl acetate 40 0.2 0.01 0.2 1.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 200 a 
m,p-Xylene 40 1.2 0.9 0.9 2.5 0.1 0.2 0.5 1.0 2.0 2.5 3.3 700 a 
o-Xylene 40 0.3 0.3 0.2 2.2 0.1 0.1 0.1 0.2 0.5 0.8 1.1 700 a 
 

a) OEHHA Chronic Reference Exposure Levels (OEHHA 2003).  
b) 1/40th of the 8-hour occupational health guideline in µg/m3 (e.g., Cal/OSHA PELs, ACGIH TLVs, DFG MAKs).  
c) Formaldehyde – California Air Resources Board Indoor Air Quality Guideline, 2005.  na = no available guideline. 
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Table 35. Maximum indoor concentrations of the volatile organic compounds comparison to 
indoor air contaminant guidelines. 

 
 

Maximum Indoor Concentrations of Volatile Organic Compounds 
Comparison to the Indoor Guidelines (µg/m3)  

 
Compound 

 
Maximum Concentration 

(µg/m3) 

Indoor Guideline 

(µg/m3) 

Maximum 
Concentration to 

Indoor Guideline Ratio  

Tetrachloroethene 22.6 35 a 0.646 
Naphthalene 4.9 9 a 0.544 

Toluene 115.2 300 a 0.384 

Ethylene glycol 119.5 400 a 0.299 

1,4-Dichlorobenzene 219 800 a 0.274 

Benzene 15.1 60 a 0.252 

m,p-Xylene 60.3 700 a 0.086 

Styrene 62 900 a 0.069 

2-Butoxyethanol 179.7 3,000 b 0.060 

Trichloromethane  11.8 300 a 0.039 

Phenol 6.5 200 a 0.033 

o-Xylene 19.9 700 a 0.028 

alpha-Pinene 65.1 2,800 b 0.023 

1,2,4-Trimethylbenzene 13.2 3,125 b 0.004 

1-Methyl-2-pyrrolidinone 8.3 2,000 b 0.004 
n-Hexane 24 7,000 a 0.003 
Vinyl acetate 0.3 200 a 0.002 
Caprolactam 0.1 500 b <0.0001 
Hexanal 35.1 na na 
d-Limonene 152.3 na na 

 
a) OEHHA Chronic Reference Exposure Levels (OEHHA 2003).  
b) 1/40th of the 8-hour occupational health guideline in µg/m3 (e.g., Cal/OSHA PELs, ACGIH 

TLVs, DFG MAKs). na = no available guideline. 
 

 



 

 

Table 36. Comparison of indoor concentrations of formaldehyde and acetaldehyde to indoor air contaminant guidelines. 
 

 
Comparison of Indoor Concentrations of Formaldehyde and Acetaldehyde to Indoor Air Contaminant Guidelines a 

 

Compound N Mean Standard 
Deviation 

Geometric 
Mean 

Geometric 
Standard 
Deviation 

Min 10% 25% 50% 75% 90% Max % > 
Indoor Air 
Guideline 

Indoor Air 
Guideline 
(µg/m3) 

 
Acetaldehyde               
 
Chronic 
Reference 
Exposure Level 86 3.3 2.2 2.8 1.8 1.2 1.4 1.7 2.5 4.0 6.5 11 82 9b 

 
Formaldehyde     

        
  

 
Chronic 
Reference 
Exposure Level 

 
 
 

105 15 9.2 12 1.9 1.6 4.8 8.2 12 19 29 45 100 3b 

 
ARB Indoor Air 
Guideline 

 
 

62 1.8 0.8 1.7 1.5 1.0 1.1 1.2 1.5 2.1 2.9 4.1 59 33c 
 
Acute Reference 
Exposure Level 

 
 
7 1.2 0.2 1.2 1.1 1.0 1.0 1.1 1.2 1.3 1.4 1.4 6.7 94d 

 
a) Ratio of indoor concentration to indoor air contaminant guidelines for homes exceeding the guideline. 
b) OEHHA Chronic Reference Exposure Levels (OEHHA 2003). 
c) Formaldehyde – California Air Resources Board Indoor Air Quality Guideline, 2005; OEHHA Interim 8-hour Reference Exposure Level. 
d) OEHHA Acute Reference Exposure Levels (OEHHA 2000).  
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Table 37. Percentage of homes with indoor and concentrations of carbon monoxide, nitrogen dioxide, and PM2.5 particulate 
matter greater than the method detection limit. 

 

Percent of Concentrations of Carbon Monoxide, Nitrogen Dioxide, and PM2.5 Particulate Matter  
Greater than the Method Detection Limit (µg/m3)  

Compound 
 

N 
Indoor/ 
Outdoor 

 

MDL Mass a 
(µg) 

MDL b 
Concentration 

 

Indoor c 
Guideline  

Ratio of 
MDL/Guideline 

% > MDL for 
Indoor Air 

%> MDL for 
Outdoor Air 

 
Carbon Monoxide 
(ppm) 107/ 40 na 0.8 9 0.09 100 100 
 
Nitrogen Dioxide 
(µg/m3) 29/ 11 0.8 5.7 150 0.04 48 9 
 
PM2.5 Particulate 
Matter (µg/m3) 29/ 11 5 1.8 65 0.03 100 100 

 
a) MDL Mass = Method mass detection limit for nitrogen dioxide spectrophotometer analysis and PM2.5 particulate matter 

gravimetrical analysis. Not applicable for real-time carbon monoxide measurements. 
b) MDL Concentration = Method detection limit for a typical volume; NO2 = 0.14 m3 and PM2.5 = 2.8 m3; CO MDL concentration 

determined from analyses of the variance of the average concentration from 8 co-located IAQ-Calc instruments. 
c) California Air Resources Board Indoor Air Quality Guideline, 2005: Carbon monoxide (8-hr), Nitrogen dioxide (24-hr), PM2.5 

Particulate matter (24 hr). 
 

 
 

180




