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Indoor Environmental Quality and Climate Change 

 

Expected Climate Changes 
The expected climatic changes considered in this paper are taken from the U. S. Global Change 
Research Program's 2009 report “Global Climate Change Impacts in the United States” (CCSP 
2009). They include: 

• Temperature: 

o Overall the earth is expected to warm over the next century. Surface temperatures 
throughout the U.S. are expected to increase (Figures 1 and 2). 

o The number of Heating Degree Days (HDD) in the U.S. is expected to decline and 
the number of Cooling Degree Days (CDD) is expected to increase (Figure 3). 

• Precipitation: 

o Some locations will become dryer, others wetter: 

 A number of areas are predicted to have decreased annual rainfall (Figure 
4) including the Northwest, the Southeast, Arizona and Southern 
California. 

 A number of states are predicted to have increased rainfall (Figure 4). 
Particularly the Northeastern states and the northern Mid-Atlantic states. 

 Increases and reductions in annual rainfall are not expected to be uniform 
(Figure 5). For example, Southeastern states are predicted to become dryer 
overall, but Florida and southern Alabama, Mississippi and Louisiana are 
predicted to be wetter in the fall due to hurricane activity. 

• Severe weather events may become frequent or more severe: 

o There will be more days hotter than 90°F (Figure 6).There will be more extremes 
in rainfall (Figure 7).There will be increases in the frequency and intensity of 
hurricanes, tornadoes, ice storms and snow storms, and consequent floods and 
loss of electric power (Figure 8). 

• Rising sea level  
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Green House Gases in the Atmosphere Drive Climate Change 
“Observations show that warming of the climate is unequivocal. The global 
 warming observed over the past 50 years is due primarily to human-induced 
 emissions of heat-trapping gases. These emissions come mainly from the 
 burning of fossil fuels (coal, oil, and gas), with important contributions from 
 the clearing of forests, agricultural practices, and other activities” (CCSP 2009 page 9). 
 

 
Figure 1 
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The Impact of Climate Change on Indoor Environmental Quality 
Climate change may affect indoor environmental quality in two fundamental ways. One is in 
direct response to climate change itself. For example, if climate change results in more frequent 
or severe hurricanes, then increases in mold, bacteria and building dampness may lead to 
increased indoor air quality problems (Chew 2006, Rabito 2010, Rao 2007). The second is 
indirect: actions taken to reduce emissions of greenhouse gases may lead to increased 
concentrations of indoor air contaminants. For example, significant amounts of energy used to 
heat, cool, dehumidify and humidify are intentionally ventilated or accidentally leaked from a 
building. Reducing intentional ventilation rates or air sealing an enclosure to reduce accidental 
infiltration reduces greenhouse gas emissions, but it also lowers a building's total ventilation rate. 
Lower overall ventilation rates increase the concentration of some indoor contaminants and may 
lead to excessively high indoor humidity levels during cold weather. The result is greater 
exposure to indoor air contaminants. 

 

The indoor environmental impacts that will result from climate change or our responses to 
climate change are: 

• Increases in indoor air contaminants due to energy conservation measures to reduce 
greenhouse gas emissions. 

• Increases in outdoor air contaminants that affect indoor air. 

• Increases in the range and population of problem organisms.  The loss of electric power 
for extended periods of time. 

 

Executive summary 

Energy conservation to reduce greenhouse gas emissions increases indoor environmental 
problems 

 
1. Building construction and operation is responsible for about 48 percent of U.S. 

greenhouse gas emissions. 
2. Energy-efficient building construction and retrofit programs have been operating in the 

U.S. since the oil embargoes of the 1970s. Avoided energy use is the least expensive form 
of power. 

3. The Austin Energy Green Building Program won, in 1992, one of 10 Earth Summit 
awards for a government environmental program at the UN Conference on Environment 
and Development in Rio de Janeiro. Since then a number of building programs 
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addressing environmental issues have been established in the government and private 
sectors. All of these programs recognize the importance of making building enclosures 
and mechanical systems energy efficient and include energy-efficiency 
requirements.Energy and environmentally efficient programs represent a significant and 
rapidly growing fraction of newly constructed, retrofitted and remodeled buildings. For 
example, 110,000 of the approximately 500,000 single family residences built in 2009 
were part of the EPA Energy Star Homes program. The National Weatherization 
Assistance Program grew from weatherizing around 100,000 units per year at an 
allowable cost of $3,500 per unit in 2009 to 200,000 units at an allowable cost of $6,500.  

4. A number of energy conservation measures are likely to result in indoor environmental 
quality (IEQ) problems unless they are implemented with concurrent control measures.  
For example: 

a. Sealing buildings four to 10 times more air tight than they were before the 1980s 
is a big energy saver but lowers overall ventilation rates and is likely to increase 
indoor air contaminant concentrations and indoor air humidity levels unless 
concomitant energy efficient ventilation systems are designed and installed. 

b. Heavily insulated foundation, wall and roof systems must manage liquid water 
intrusion, air leakage and water vapor migration better than more traditional 
assemblies or moisture problems will occur. Increased system analysis and quality 
control must be undertaken during new energy-efficient construction and energy-
efficient retrofits.In single-family and low-rise multifamily residential buildings 
replacing atmospherically vented combustion equipment (e.g., furnaces, boilers 
and hot water heaters) with more than 90 percent efficient combustion or electric 
equipment lowers the ventilation rate in basements and crawlspaces (no more 
always-open chimney through the house). In some buildings, replacing this 
equipment changes the indoor moisture balance and results in cold weather 
condensation in the building enclosure. 

c. Items a, b and c occur in both new construction and existing buildings (e.g., 
building performance retrofits, renovations and remodeling). Additional IEQ 
problems are likely to be encountered when making an existing building more 
energy efficient. For example:  

i. Legacy hazards such as lead paint, asbestos, PCBs and banned pesticides 
are often found in older buildings.  

ii. Ventilation systems in older buildings may be unable to meet 
current ventilation codes, much less the best practice standards required 
when the enclosure is made air tight. These systems may be disabled, 
broken and unrepaired, removed and not replaced, or their design may not 
meet current standards.  

iii. Air sealing and adding insulation to foundations, walls and roof 
systems that have sub-acute rain seepage or condensation problems can 
easily lead to serious decay, mold growth or corrosion problems. 

5. Implementing preventive measures requires a twofold effort: 
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a. An effective and large training effort is needed to implement existing knowledge. 
A large body of information on preventing and mending these problems is already 
part of the energy and environmentally efficient building programs. This 
knowledge has evolved in response to problems practitioners have faced in 
implementing these programs over the past three decades. Although each program 
incorporates some requirements intended to prevent IEQ problems: 

i. The required body of knowledge is not consistently implemented across 
programs. For example, most of the programs have either inadequate or no 
moisture control requirements. The U.S. Green Building Council’s 
Leadership in Energy and Environmental Design (LEED) commercial and 
institutional programs have no requirements or credits to prevent moisture 
problems in their buildings. Indeed, a number of LEED labeled buildings 
have had significant moisture problems. Pest control is not covered in 
most of the programs. Ventilation and the legacy contaminants are 
erratically addressed, at least in residential programs. 

ii. The public and private sector energy and environmentally efficient 
programs are growing very rapidly. Training new workers entering this 
field must be effective and quickly implemented. 

iii. Outside of the energy and environmentally efficient programs, 
building codes are the only requirements that must be met. NOTE: A small 
number of design firms and contractors do not participate in one of the 
programs but have committed themselves to providing IEQ analyses and 
control measures. 

b. Some IEQ issues will emerge for which interventions have not yet been 
sufficiently tested. (For example, adding insulation to the bottom side of roof deck 
with slate, metal or low-slope roofing membranes or adding insulation to the 
inside of brick walls in cold and mixed climates may result in moisture problems.) 
While methods to address these issues are being tried, they have not yet been 
thoroughly tested. To address these situations ongoing research to develop tested 
guidance is needed. In addition, with new materials and equipment arriving on the 
market every day, unforeseen IEQ problems are likely to occur. Programs must 
incorporate tracking mechanisms to identify IEQ problems as they arise and 
solutions as they are developed and implemented. 

6. Over the past 30 years, all of the above problems have occurred in new buildings and in 
buildings undergoing energy-conserving retrofits. Preventing these problems is crucial. 
Fortunately, as these problems have occurred, many interventions have been developed to 
correct or prevent them. The knowledge for many of the fixes has come from the energy-
efficiency programs themselves. Every energy-efficiency and environmental program 
incorporates indoor environmental measures that are either requirements or can be used 
to achieve credits; however, the treatment of the indoor environment is not consistent 
across programs.  
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Buildings are clearly the major source of greenhouse gas emissions in the U.S. 
 
In the United States, buildings and activities related to the life cycle of buildings are among the 
major sources of greenhouse gas emissions. It is estimated that buildings account for around 48 
percent of annual greenhouse gas emissions (Knowles 2008). Buildings contribute to climate 
change in a number of ways: 
 

• Operation and maintenance: greenhouse gases released directly from the energy 
conversions used to heat, cool, ventilate, light and maintain buildings (36 percent annual 
greenhouse gas emissions). 

• Production of materials used to construct buildings: greenhouse gases released during 
extraction, refining and manufacture of building materials (8 – 12 percent annual 
greenhouse gas emissions). Note: greenhouse gas emissions related to transportation of 
building materials are not included in this estimate. 

 
Improved energy efficiency in new and existing buildings is the most cost-effective way to 
reduce current and future energy use 
 
The most direct way to reduce greenhouse gas emissions from the building sector is to improve 
the energy efficiency of new and existing buildings. This involves changes in the design, 
construction, renovation and operation and maintenance of buildings and changes in occupant 
behavior (Knowles 2008). 
 
Government and private sector programs have adopted energy conservation and the use of 
renewable energy sources as a way to reduce environmental impacts in general and greenhouse 
gas emissions in particular. Many programs that began as energy-efficiency programs have 
expanded their scope to include climate change issues. 
 
There are too many programs to list them all. To give some idea of the scale of these programs, 
here are some examples of programs that have affected the largest number of buildings:  
 
In 1992 ,the U.S. Environmental Protection Agency (EPA) introduced ENERGY STAR as a 
voluntary labeling program designed to identify and promote energy-efficient products to reduce 
greenhouse gas emissions. Computers and monitors were the first labeled products. In 1996, EPA 
partnered with the U.S. Department of Energy (DOE) for particular product categories. The 
Energy Star label has been extended to new homes and to commercial and industrial buildings. 
EPA recently launched Home Performance with ENERGY STAR, a program to help retrofit 
buildings. As of 2009, over 1 million U.S. homes had received the ENERGY STAR label. New 
housing starts have dropped by a factor of 3.7, from a high of 1.7 million single family dwellings 
in 2006 to around 450,000 in 2010. During that time the number of new homes receiving the 
ENERGY STAR label dropped from a high of around 190,000 in 2006 to 110,000 in 2009 – a 
factor of 1.7. Twenty percent of the 500,000 new homes constructed in 2009 were ENERGY 
STAR labeled homes. See Figures 9 and 10. 
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Figure 9 Number of ENERGY STAR homes built between 2000 and 2009. 

 
 
 
 

 
 

Figure 10 History of US housing starts 
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In 1999 EPA, DOE and the Department of Housing and Urban Development (HUD) initiated 
Home Performance with ENERGY STAR, a home energy performance program for existing 
homes. Home Performance with ENERGY STAR provides guidelines and marketing support to 
help state and local groups. There are programs in 29 states. The programs often are partnerships 
of government agencies, regional building science technical support organizations, building 
performance contractors and utility programs. They provide training and quality assurance for 
participating home performance contractors who can help owners bring their homes up to 
ENERGY STAR standards for new construction. A home must be tested to demonstrate 
performance in order to receive an ENERGY STAR label. Over 75,000 homes have been 
improved through the Home Performance with ENERGY STAR programs. 

 
In 1995 the DOE launched Building America, which partnered residential developers and 
builders with building scientists and building product manufacturers. The primary goal was to 
accelerate the development and adoption of energy conservation in new residential buildings. 
The program included secondary goals of improved durability and lowered greenhouse gas 
emissions. The Building America program has produced new energy-efficient residences with 
good moisture management and high-quality ventilation systems. The information developed by 
this program has been transferred to other builders through websites, guidance documents, 
research monographs and seminars. By 2010 the Building America program had produced over 
41,000 homes. 
 
The National Weatherization Assistance Program (WAP) was launched in 1976 to help 
Americans with limited financial means respond to rapidly escalating fuel prices during the oil 
embargoes of the 1970s. The WAP programs weatherize existing homes. Over the past 33 years 
they have provided weatherization services to over 6.4 million low-income households. WAP is a 
subsidy-driven program. While the major funding comes from DOE, additional funding comes 
from a variety of sources including Low Income Home Energy Assistance Program (LIHEAP) 
block grants and utility programs. WAP conducts energy audits and selects appropriate energy-
conserving measures that can be implemented for costs that do not exceed a dollar cap (averaged 
over their customer base). In 2008 WAP provided services to around 100,000 households at a cap 
of $3,500 per unit. In 2009 this rose to 171,000 units with a total budget of $1 billion dollars 
(about $421,000 from DOE funding).  As the Weatherization Assistance Program Technical 
Assistance Center notes, “The American Recovery and Reinvestment Act (ARRA) was signed 
into law on February 17, 2009. This Act provides $5 billion in additional funding to the 
Weatherization Assistance Program over three years. With these funds, Grantees of the 
Weatherization Program faced great challenges to ramp up to meet the goals of the Obama 
administration and provide energy efficiency improvements to hundreds of thousands of low-
income households” (http://www.waptac.org/WAP-Basics/Recovery-Act.aspx ). As the result of 
additional money being provided to WAP, the target number of units weatherized for 2010 is 
200,000 with a cap of $6,500 per unit. 
 
In 2009 DOE launched Better Buildings, a major energy-conservation home retrofit grant 
program. Its structure is similar to that of Home Performance with ENERGY STAR in that it 

http://www.waptac.org/WAP-Basics/Recovery-Act.aspx�
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incorporates retrofit guidelines, (best practices, work protocols, standard work specifications and 
technical standards) and certification for participating contractors. It provides support for state 
revolving loan funds. The funding for this program comes from ARRA funds and was $452 
million for 2010. As of June 2010, 35 grants have been funded. 
 
A number of private sector programs and labels to reduce the ecological impact of new and 
existing buildings were developed over this same time period. Energy conservation is a critical 
element in all of them. Among the most widely used are the U.S. Green Building Council's 
LEED labeling programs. There are LEED programs that address the design and construction of 
new buildings, operation and maintenance of existing buildings and single family and low-rise 
multi-family residential buildings. Every LEED program has energy-conserving prerequisites 
and numerous energy-conserving measures that can provide additional points towards 
certification. Currently there are 6,139 LEED certified buildings worldwide (excluding LEED 
for Homes buildings). There are 21,143 buildings registered in the approval process. 
(http://www.usgbc.org/LEED/Project/CertifiedProjectList.aspx?CMSPageID=247). The LEED 
for Homes program has 30,555 registered projects. Of these 8,712 have been certified. 
(http://www.usgbc.org/ShowFile.aspx?DocumentID=2683).  
 
Another successful private sector program is Enterprise Green Communities. This program 
started in 2004. By 2009 it had produced 17,500 new and renovated affordable housing units 
across the U.S. The buildings must comply with comprehensive energy and environmental 
efficiency requirements. 
 
Many utilities have energy efficiency programs (http://www.aceee.org/sector/state-policy/utility-
policies). The amount of money spent each year on utility energy efficiency programs is large, 
totaling $5.3 billion dollars in 2009 
(http://www.cee1.org/resrc/news_items/VibrantGrowth.php3). The program types and budget 
vary widely by state. For example, in 2009 utilities in California spent $1 billion, Vermont $30 
million and Massachusetts $138 on fairly comprehensive energy efficiency programs. Utility 
programs cover residential, commercial and institutional buildings. 
 
A last, important private sector example is the U.S Energy Service Companies (ESCOs). ESCOs 
have proved to be resilient providers of energy-conserving measures. They deliver services 
primarily to commercial, government, institutional, university, and hospital buildings. The ESCO 
designs and installs the energy-conserving measures and receives payment from the energy 
savings. Satchwell I(2010) reported the 2008 aggregate annual ESCO revenue as $4.1 billion and 
estimated the 2011 revenues will exceed $7 billion. Historically ESCOs have focused on energy-
conserving measures with very short simple paybacks (e.g., lighting, motor and HVAC 
replacement) in load-dominated buildings (Goldman 2005). Air sealing the enclosure of big 
buildings appears to be becoming more common in ESCO work. The March 2009 issue of 
Building Envelope News (a newsletter published by a building enclosure retrofit company) was 
devoted to ESCO projects (CANAM 2009). 
 

http://www.usgbc.org/LEED/Project/CertifiedProjectList.aspx?CMSPageID=247�
http://www.usgbc.org/ShowFile.aspx?DocumentID=2683�
http://www.aceee.org/sector/state-policy/utility-policies�
http://www.aceee.org/sector/state-policy/utility-policies�
http://www.cee1.org/resrc/news_items/VibrantGrowth.php3�
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Some energy-conservation measures will have an impact on the indoor environment 
 
In most U.S. climates the energy used to condition intentional ventilation and accidental air 
leakage is a significant fraction of the overall energy use.  
 
Actions that reduce energy used to condition the accidental outdoor air leakage through buildings 
include: 

• Reduce the accidental leakage: 
o Air tightening the enclosure. 
o Air tightening the air distribution systems (particularly air leaks to the outside). 
o Managing indoor-outdoor air pressure differences 
o Replacing atmospherically vented combustion equipment  in residential buildings 

with high-efficiency combustion equipment 
 
Actions that can reduce the amount of energy used to condition the intentionally ventilated air 
include: 

• Providing mechanical ventilation at the minimum rate allowed by code or ASHRAE 62.1 
or 62.2. 

• Using ASHRAE 62.1 IAQ Procedure (6.3) to provide lower ventilation rates than allowed 
by the Ventilation Rate Procedure (6.2). 

• Pursuing development of an IAQ procedure for ASHRAE 62.2. 
 
Reduce the accidental leakage 
 
There are four common methods for reducing accidental air leakage in buildings: 
 

• Air tightening the enclosure: Sealing cracks, gaps and holes in the building enclosure 
reduces the amount of air that accidentally leaks in or out. In most U.S. climates this 
saves significant amounts of energy. Sherman (2007) reports that around one-third of the 
energy used for heating and cooling is associated with accidental air leakage. Although 
there is far less measured data on accidental air leakage from commercial buildings, it is 
reported to be around 20 percent to 30 percent (ranging from zero to 58 percent) of the 
heating or cooling energy use (Emmerich 2005, Shaw 1995, Edwards 1993). In a study of 
several California buildings Fisk (1988) reports that accidental air leakage makes up 
between zero and 30 percent of the total air exchange rate. Persily (1987) reports between 
31 percent and 58 percent for a three-story office building. Between 20 percent and 40 
percent of the air leakage can be sealed in existing residential and commercial buildings. 
In new construction it is feasible to seal 90 percent of the leakage.  

 
• Air sealing the air distribution systems: Air leaks between air handlers, supply and return 

air ducts and return air plenums and outdoors increase accidental air leakage through a 
building. If the air handler is off, they behave like any other air leak in the enclosure. 
When the air handler is on, they are worse because the pressure difference across the 
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leaks is often much larger than those generated by stack and wind. Air leaks to vented 
space (e.g., attics, soffits, garages or crawlspaces vented to the outdoors) are similar to air 
leaks to the outside. Duct leakage to the outside can be significant. Cummings (1996) 
reports that measured duct leakage in 70 commercial buildings in Florida averaged 
around 80 cfm at 25 pascals per 100 ft2 of duct surface area. 

 
• Managing indoor-outdoor air pressure differences: This dynamic is less obvious than the 

first two. If airflow through the ventilation and conditioning equipment results in 
excessively pressurized or depressurized zones, rooms' or building cavities' indoor air 
may be forced out or drawn in through the building enclosure. The most common 
example is probably return air plenums. Any air leak in exterior walls bounding a return 
plenum becomes an accidental outdoor air intake when the air handler is operating. If a 
mechanical room is used as a mixing chamber for return and outdoor air, the room is 
likely to be depressurized between 10 and 30 pascals. In extreme situations it may be 
depressurized by as much as 90 pascals. Another example common in residential and 
small commercial buildings is a duct layout with supply diffusers in every room and 
returns in corridors. When doors to a corridor are closed, the rooms are pressurized and 
the corridor is depressurized. The combination of this dynamic and duct leakage to the 
outside can greatly increase the air exchange rate in buildings. In a study of unplanned 
airflow in 70 commercial buildings, eight buildings had between 2 and 10 air changes per 
hour when the air handlers were running (Cummings 1996). Similar results have been 
reported for residential buildings. A research project on 91 Florida homes found that the 
average air exchange rate went from 0.21 ACH with air handlers off to 0.91 ACH with air 
handlers on (Cummings 1989). 

 
• Replacing atmospherically vented combustion equipment with high-efficiency 

combustion equipment in residential buildings: Atmospherically vented combustion 
equipment vents through a chimney. The chimney ventilates the equipment room. When 
the equipment is not running, the chimney exhausts air. When the equipment is running it 
ventilates at a much higher rate because of the high flue gas temperature. Measurements 
made by the author in the 1980s found flows of air through chimneys typically ranged 
from 50 cfm to 100 cfm. High-efficiency combustion equipment (e.g., condensing 
furnaces or boilers) do not have a chimney. They vent through plastic pipes through a 
side wall. The combustion gases are vented to the outside through a small fan, typically at 
rates in the range of 25 cfm. When the equipment is not firing, the flows are essentially 
zero. Some equipment is sealed combustion equipment that draws no air from the 
mechanical space. Heat pumps need no vents because there is no combustion. This 
dynamic affects single family, some low-rise multifamily buildings and small commercial 
buildings that are constructed using residential methods. If the equipment is located in a 
basement or crawlspace in a climate with a significant heating season, the ventilation 
through a chimney is often controlling humidity that enters through the foundation. 
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IEQ Impacts of reducing the accidental air leakage 

• Reduced dilution of air contaminants from indoor sources. 
• Changed condensation potential: 

o Higher cold weather indoor humidity (increased risk of condensation in 
enclosure). 

o Less airflow through the enclosure (decreased risk of heating and cooling mode 
condensation in enclosure, decreased risk of ice dams in snowy climates). 

o Sealing air distribution systems may increase cooling mode condensation risk 
(shorter air conditioning run-times). 

 
Reducing the accidental ventilation rate is likely to increase the concentration of indoor air 
contaminants. Indoor humidity levels are also likely to increase. Although water vapor is not an 
air contaminant itself, higher indoor humidity may lead to condensation and subsequent mold 
growth. It also reduces the rate at which wet materials dry – materials that accidentally get wet 
stay wet longer. A small rain leak that dries too quickly to cause a problem may become one at 
higher indoor humidity levels. The risk of these two outcomes begins to increase at an indoor 
relative humidity of 70 percent and increases exponentially as it approaches 100 percent. 
 
When accidental airflow rates through buildings are reduced and contaminant sources are 
constant, it is expected that indoor air contaminant concentrations will increase in proportion to 
the decrease in air leakage. However, the source terms for many contaminants found in indoor air 
are not constant. For a particular contaminant the concentration may go up, stay the same or go 
down. How an indoor contaminant concentration changes in response to a reduction in accidental 
air leakage depends on: 
 

• How much the accidental air leakage has been reduced. If the expected increase is small 
compared to the ordinary variation of ventilation and source terms of indoor 
contaminants, then it is unlikely a measureable change in concentrations will occur. 

 
• The fraction of the overall dilution air provided by mechanical ventilation and accidental 

air leakage. For example, nearly all ventilation in single family residences is provided by 
accidental air leakage. If the accidental air leakage is reduced by 50 percent, the expected 
impact on indoor air contaminant levels is a doubling.  On the other hand, ventilation in a 
school classroom is intended to be primarily by intentional mechanical ventilation. A 
1,000-square-foot classroom may have a mechanical ventilation rate of 500 cfm, 
essentially no accidental leakage when the ventilation is running because the building is 
pressurized by the outdoor air. Air only accidentally leaks through around 600 square feet 
of wall overnight. A relatively typical school wall is likely to leak 50 to 100 cfm 
overnight. Assuming the ventilation runs 12 hours a day, the accidental leakage is 600 to 
1,200 cubic feet per day and the mechanical ventilation rate is 6,000 cubic feet per day. 
Completely air sealing the exterior wall will have very little impact on indoor air 
contaminant concentrations when the classroom is occupied. 
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• Whether the contaminant source term is affected by the activities that reduced accidental 
airflow. 

o If the contaminant source is outside of the building, reducing accidental airflow 
may change the source term of the contaminant. For example, if air leaks in the 
return side of an air handler passing through a crawlspace are drawing radon or 
humid air into the building, sealing the air leaks in the return ducts is likely to 
change the source term for radon or water vapor and lower indoor concentrations. 

o If air sealing results in higher indoor humidity levels during the summer it may 
increase the source term for formaldehyde. 

 
During the oil embargoes of the 1970s, fuel prices in the U.S. rose at double digit rates. Part of 
the response of building owners and operators to fuel prices that were outside the budget was to 
air seal buildings and disable ventilation systems. Figure 11 shows plywood covering the outdoor 
air intake for a public school classroom. Disabling ventilation systems during this time was fairly 
common. This resulted in a number of indoor air quality problems in affected buildings (Daisey 
2003, Brennan 1991). The same approach should be avoided in the design of energy efficient 
new buildings and in building energy efficient retrofits.  
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Figure 11 Plywood covering the outdoor air intake for a classroom. Applied during the oil 
embargoes of the 1970s, the classroom remained under-ventilated until the mid 1980s. 
 

Interventions 
A number of actions can be taken to prevent IEQ problems that result from air sealing buildings. 
They include: 
 

• Reducing sources of indoor contaminants. 
 

o Building-related sources: It is often impractical to change sources in an existing 
building. However there are a number of legacy contaminants found in older 
buildings that sometimes must be addressed including lead paint, asbestos and 
PCBs.  There is guidance for designing new buildings to minimize building 
related contaminant sources (ASHRAE 2009). 

 
o Occupant-related: very difficult. 

 
• Providing minimum recommended ventilation rates. 
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o ASHRAE Standards 62.1 Ventilation for Acceptable Indoor Air Quality and 

ASHRAE 62.2 – 2010 Ventilation and Indoor Air Quality in Low-Rise Residential 
Buildings provide ventilation rate guidance by building use. Single family 
residences and other buildings that rely on accidental air leakage to meet 
minimum dilution ventilation requirements are particularly vulnerable when they 
are air sealed. When making houses more airtight, a decision must be made on 
whether or not to add ventilation systems. Air tightness testing of existing houses 
can be conducted to estimate whether or not fan-powered ventilation must be 
added because air leakage can no longer reliably provide minimum ventilation 
rates. Many Weatherization Assistance Programs use this method. The 
information can be used in two ways: 
 Air seal the house to just before the point that a fan-powered ventilation 

system would be needed. 
 Air seal the house past this point and install a fan-powered ventilation 

system. ASHRAE 62.2 – 2010 Ventilation and Indoor Air Quality in Low-
Rise Residential Buildings provides a method for testing an existing house 
and designing a ventilation system. 

 Which approach is taken depends on whether there is a budget that can be 
used to provide the ventilation system. 

 
o The 62.1 – 6.3 IAQ Procedure allows calculation of ventilation rates that will 

keep target indoor air contaminants below recommended levels. The IAQ 
procedure calculates the effects of improved source control and filtration to allow 
lower ventilation rates than the prescriptive ones listed in the Ventilation Rate 
Procedure (Johnson 2006). ASHRAE 62.2 does not have a similar IAQ procedure. 

 
• Designing enclosures to be heavily insulated, airtight, and to manage rainwater and 

control condensation in heating and cooling modes (ASHRAE 2009).  
 

• Managing indoor dewpoint/relative humidity using:  
 

o Water vapor source control.Ventilation when the outdoor air dew point is less than 
55 degrees F.Air conditioning when weather is warm and humid. (Harriman 
2006). 

 
• Designing and maintaining buildings and landscapes to be resistant to colonization by 

pests (ASHRAE 2009). 
 

• Teaching design, construction and buildings and grounds personnel how to do what we 
already know. 
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• Pursuing energy-efficient cooling strategies with good part-load dehumidification 
performance. 

 

Training 

An effective and large training effort is needed to implement existing knowledge. Providing the 
building design, construction, retrofitting and maintenance community with the best currently 
available information is crucial.  A large body of information on preventing and correcting these 
problems is already part of the energy and environmentally efficient building programs. The 
knowledge has evolved in response to problems practitioners have faced in implementing these 
programs over the past three decades. Although each program incorporates some requirements 
intended to prevent IEQ problems: 
 

• The body of knowledge required is not consistently implemented across programs. For 
example, most of the programs have either inadequate or no moisture control 
requirements. The LEED commercial and institutional programs have no requirements or 
credits to effectively prevent moisture problems in their buildings. Ventilation and the 
legacy contaminants are erratically addressed, at least in the residential programs. 

 
• Public and private sector energy and environmentally efficient programs are growing at a 

very rapid rate. Training the new workers entering this field must be effective and quickly 
implemented. 

 
• Outside of the energy and environmentally efficient programs, building codes are the 

only requirements that must be met. Inclusion of IEQ issues in most remodeling and 
renovation work depends entirely on the knowledge and skill of the designers, 
contractors, building owners and operators. Asmall number of design firms and 
contractors do not participate in one of the programs but have committed themselves to 
providing IEQ analysis and control measures. 

 

Comprehensive coverage of IEQ issues is available for the design and construction of new 
residential and commercial buildings. For example, in the residential new construction arena: 
 

• New residential guidance 
o EPA has developed the ENERGY STAR Indoor Air Package (IAP). The 

ENERGY STAR baseline program already has a number of requirements that 
contribute to indoor environmental quality. The IAP program adds to the baseline 
ENERGY STAR requirements to address a broader range of IEQ issues. The IAP 
includes requirements for moisture control, pest management, combustion safety, 
ventilation, emissions from building materials and radon control (EPA). 
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o The National Center for Healthy Housing has developed significant training 
programs for a variety of stakeholders: designers, builders, owners, code 
inspectors and public health workers (NCHH).  The training covers new and 
existing buildings as well as multifamily buildings. It includes ventilation, 
moisture control, dust control, integrated pest management, material emissions 
and managing air pressure relationships. 

 
o The American Lung Association developed the ALA Healthy House program. The 

guidance is comprehensive but available only to those who participate in the 
program (EPA 2009). 

 
• The Indoor Air Quality Guide: Best Practices for Design, Construction, and 

Commissioning was developed by ASHRAE, The American Institute of Architects, 
Building Owners and Managers Association International, Sheet Metal and Air 
Conditioning Contractors Association, EPA and the U.S. Green Building Council. The 
guide consists of two parts: Part 1 - Summary Guidance, a 176 page book and Part 2 – a 
CD filled with detailed information for each strategy in Part 1. 

 
Comprehensive guidance for IEQ issues during the design and implementation of energy 
conserving retrofits is not yet available for residential or commercial buildings. 
 
IEQ issues in existing residential building retrofit and renovation is partially covered by many of 
the programs. There is particularly strong coverage for combustion safety issues by the WAP and 
programs that have evolved from WAP work. Two emerging programs at the federal level are 
addressing IEQ issues during retrofit work in a far more comprehensive way.  
 

• EPA is developing voluntary Healthy Indoor Air Protocols for Home Energy Upgrades. 
The draft protocols were available online for public review until December 9, 2010. The 
draft protocols are more comprehensive than any of the existing home programs. They 
cover assessment and response to specific indoor environmental contaminants plus 
ventilation and worker safety related to: 

 
o Asbestos 
o Environmental tobacco smoke (multifamily buildings) 
o Garage air pollutants 
o Lead 
o Moisture 
o Ozone 
o Pests 
o Radon 
o Other emerging issues 
o Combustion safety 
o Exhaust ventilation for localized sources 
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o Whole house ventilation 
o Home safety 
o Work safety 

 

• DOE has developed Workforce Guidelines for Home Energy Upgrades. The DOE 
guidelines are organized into eight sections. IEQ and health and safety issues are covered 
within each section along with guidance for specific energy-conserving measures. 
Because it covers work practices for achieving energy savings, the DOE document is far 
longer. The sections are: 

 
o Home performance assessment 
o Combustion appliances 
o Ventilation 
o Air sealing 
o Heating and cooling 
o Insulation 
o Crawlspaces and basements 
o Baseload 

 
EPA and DOE have worked extensively together in the parallel development of both documents. 
From the draft Workforce Guidelines: 
 
“The U.S. Department of Energy (DOE) Weatherization Assistance Program and the broader 
residential energy efficiency retrofit industry are experiencing significant growth as a result of 
investments made through the American Recovery and Reinvestment Act and increased societal 
awareness of the economic, employment, and health benefits of reducing home energy 
consumption. 
 
In support of this expansion, DOE and the U.S. Environmental Protection Agency (EPA) are 
developing two keystone documents pertaining to quality and health considerations in residential 
energy efficiency retrofits. These documents are being developed in conjunction with one 
another and are complementary and mutually supportive. Both are intended to provide a set of 
voluntary measures that the Weatherization Assistance Program and other energy efficiency 
retrofit efforts can adopt to increase the quality of the retrofit work performed while maintaining 
or improving the health and safety of the occupant.  
Together, the two documents will:  
 

• Provide a robust and practical set of resources for retrofit contractors, trainers, and  
program administrators. 

 
• Help improve the quality of the work performed in this expanding industry. 

 
• Promote occupant health and safety. 
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• Drive consumer demand for energy efficiency retrofit services.  

 
DOE and the EPA have collaborated closely throughout the production of these two documents. 
In particular, the two agencies have strived [sic] to make certain that the EPA minimum actions 
are fundamentally integrated appropriately into the DOE Standard Work Specifications for 
Energy Efficiency Retrofits, which form the bulk of the guidelines, so that retrofit workers 
following the DOE document will inherently achieve the EPA minimum recommendations. Any 
inconsistencies will be reconciled during the forthcoming public comment periods for both of 
these documents. Additionally, both DOE and the EPA fully support the retrofit industry going 
above and beyond the minimum actions by adopting the EPA-recommended expanded actions, 
but both agencies also understand that financial or programmatic constrains may impede this in 
certain cases.” 

 
These two documents provide comprehensive guidance that, if implemented in home energy 
performance retrofits, will have a positive impact on indoor environments. Significant training 
resources are in place for home energy retrofits in both the public and private sector.  
 
The WAP grantees and subgrantees use professionally trained staff and contractors. Historically 
they have made their own decisions on how training is provided. While this creates some 
regional variability across the country, protocols for building assessment, weatherization 
measures and quality assurance procedures have evolved into a fairly consistent set of industry 
practices (WAP 2009). Training may be provided by independent weatherization trainers, in-
house technical trainers and local or regional weatherization training centers. Typically training 
is provided by a mixture of these three. In 2009 90 percent of states used state agency staff for 
training, 75 percent used local agency peers for training and 70 percent used independent 
trainers. There are 12 weatherization training centers in 11 states. Grantees also make their own 
decisions about certification. Some require certification by a national organization (e.g., 
Residential Energy Services Network [RESNET], Building Performance Institute [BPI]). Some 
provide their own certification, while some do not require certification (17 states).  
 
Many of the training facilities for the WAP also provide training to private sector building 
performance contractors. The 12 weatherization training centers provide training that reaches 
beyond the WAP community. The Building Performance Institute provides training through a 
network of training affiliate organizations, individual certifications, company accreditation and 
quality assurance programs. RESNET develops standards and certification for Home Energy 
Raters.  
 
DOE has developed a plan to provide additional training for workers new to the weatherization 
field (WAP 2009). That EPA and DOE are cooperatively developing home energy retrofit and 
IEQ protocols is encouraging. It should noted, however, that the energy-efficiency sector is 
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growing in many areas outside the government and private sector programs and is expected to 
grow from around 110,000 person years of employment (PYE) to between 200,000 and 380,000 
PYE by 2020 (Goldman 2010). See Figures 12 and 13 for high growth and low growth scenarios. 
 
A large-scale training program that includes public and private sector programs and the 
numerous building remodelers and contractors who are not associated with any of the existing 
programs will require a well-coordinated plan. 
 
Some IEQ issues will emerge for which interventions have not yet been sufficiently tested. (For 
example, adding insulation to the bottom side of roof deck with slate, metal or low slope roofing 
membranes or adding insulation to the inside of brick walls in cold and mixed climates may 
result in moisture problems.) While methods are being tried for these conditions, they have not 
yet been thoroughly tested. To address these situations ongoing research efforts to develop tested 
guidance are needed. In addition, with new materials and equipment arriving on the market every 
day, unforeseen IEQ problems are likely to occur. Programs must incorporate tracking 
mechanisms to identify IEQ problems as they arise and solutions as they are developed and 
implemented. 
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Figure 12 Low-growth scenario for jobs in the energy-efficiency services sector. 
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Figure 13 Low growth scenario for jobs in the energy efficiency services sector. 
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Increased ozone: The outdoor air contaminant most likely to increase as the climate becomes 
warmer and dryer is ozone. Outdoor air ozone is largely the result of chemical reactions between 
NOx and VOCs in the presence of heat and sunlight. Climatic changes that increase persistent 
high pressures, warm temperatures, clear skies and poor atmospheric mixing favor net ozone 
production increases. Different climatic models of ozone production predict net increases in 
ozone production for some regions of the U.S. and net decreases for others. All the models 
predict increases for some portions of the U.S. The models disagree about the effect on some 
regions, but agree on net increases for others, such as the mid-Atlantic region. On average, 
increases in summertime ambient ozone levels in the U.S. are expected to be in the 2 – 8 ppb 
range (Weaver 2009). 

Increase in outdoor air contaminants that impact indoor air 

 
Outdoor air ozone becomes an indoor air quality problem when it migrates into buildings. Ozone 
itself is an air contaminant with potential health endpoints. It also reacts with compounds found 
in the indoor environment to produce new compounds, some of which have associated health 
risks. For example, terpenes, relatively non-toxic compounds that are frequently found in 
cleaning products, react readily with ozone to produce formaldehyde, OH radicals and fine 
particle matter (Weschler 2000, Nazarof 2006).  
 
Increased wildfire-related issues: An increased frequency and duration of droughts and earlier 
snow melt in some areas are expected to increase the frequency and extent of wildfires (CCSP 
2009). This is expected to affect buildings in two ways. 
 
Wildfires are a significant source of fine particulate matter (PM2.5) in the outdoor air (Sapkota 
2005). Indoor PM2.5 is often dominated by outdoor PM2.5. Research projects on particle 
penetration from outdoors to indoors repeatedly find high penetration factors (Long 2001), 
(Hovorka 2004), (Meng 2005). The overall impact of climate change on PM2.5 is not clear. 
 
Although flying embers are not an air contaminant, they do pose significant fire risk to buildings. 
Roof and attic vents and overhangs intended to provide moisture control in wood-frame 
buildings cause buildings in wildfire areas to be more vulnerable to fire caused by flying embers 
even at some distance from a wildfire (Quarles 2004). As wildfires become more frequent in 
areas that do not currently experience wildfire risk, existing buildings with these details are more 
likely to burn when exposed to airborne embers. These buildings are likely to be retrofitted by 
closing vents to attics and crawlspaces and by reducing overhangs. New buildings will be 
designed with fire-resistant features, including unvented attics and crawlspaces. Alternate 
moisture control methods will need to be implemented in both retrofit and new construction or 
moisture problems will be more likely to occur. 
 
Increased pollen loads: Warmer temperatures and increasing carbon dioxide increase plant 
growth in general, and evidence shows increases in pollen production. This applies to allergenic 
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species as well as to more benign plants. Studies have found evidence that ragweed pollen 
production doubled as carbon dioxide levels rose from levels in 1900 (280 ppm) to the current 
level of around 370 ppm (in rural areas). Production of ragweed pollen can be expected to double 
again as carbon dioxide in the atmosphere rises from 370 ppm to 600 ppm. Climate warming 
also extends the pollen-producing season for ragweed and other allergenic species (CCSP 2009, 
Ziska 2003). Most whole pollen grains that get into buildings are tracked in by people or pets or 
float in through open windows or doors. Antigens may remain on small particles left by 
degrading pollen and be transported into buildings by airflow as well as by being tracked in. 
 
Interventions 

Hazards that originate outside buildings are handled by reducing the source or by excluding them 
from the building. Control methods for ozone include: 
 

• Reducing the precursors to ozone production in outdoor air (e.g. NOx and VOCs). 
California has pioneered this approach. 

 
• Reducing indoor air compounds that react with ozone to produce other indoor air 

contaminants (e.g., screen cleaning products to avoid terpenes). 
 

• Reducing ozone entry into buildings by air sealing them and providing filtered 
mechanical ventilation. If air leakage is reduced enough the ventilating air could be used 
to slightly pressurize the building. For example, if a residence were sealed to the point 
where 50 cfm of outdoor air pressurized it by 4 pascals, entry through air leakage would 
be greatly reduced. NOTE: this would be a very well-sealed house, around 260 cfm at 50 
pascals. In climates with significant cooling or heating loads, air sealing to this level has 
the additional benefit of reducing energy used to condition the building, thus reducing 
greenhouse gas emissions. Activated carbon filtration is reported in the scientific 
literature as a potentially practical method for removing ozone from ventilating air in 
commercial buildings (Shields 1999, Gundel 2002). It is possible this technology can be 
applied to residential buildings and ventilation systems. A number of residential 
ventilation equipment manufacturers offer carbon filtration options. None offer 
experimental data on the removal of ozone from indoor or ventilating air.  

 
• Sealing and slightly pressurizing a building with filtered outdoor air t can be applied to 

PM2.5 as well as to ozone. A media filter or electronic filter would be used rather than 
activated carbon. Media filters would also be effective at removing pollen grains or 
smaller allergenic particles from degrading pollen. Protecting charcoal filters from fine 
particulate matter should increase the useful life of charcoal filters. 

 
• Providing effective track-off systems at building entryways to reduce tracked-in pollen. 

Track-off systems consist of three parts – a stiff bristle or grate section that scrapes dirt 
from shoes and has the capacity to store them, a carpet portion that dries feet and collects 



December 9, 2010 Page 33 

Terry Brennan 

 

particles that are small enough to cling to shoes after the scraper section and a hard 
surface floor that is easy to damp mop. 

 
• Air sealing attic or crawlspace vents in existing buildings or eliminating them in new 

designs will make buildings more resistant to fire caused by embers, but they must be 
accompanied by alternate condensation control measures. For example, if crawlspace 
vents are to be eliminated, rainwater and humidity must be kept out of the crawlspace. 
Rainwater must be drained away from the crawlspace and kept from wicking through 
foundations to moisture-sensitive materials. A low vapor-permeability ground cover must 
prevent water vapor from entering from earthen floors. The crawlspace walls must be air 
sealed to prevent infiltrating air from carrying humidity into the crawlspace when the 
outdoor air dew point is greater than the earth temperature. If the crawlspace walls are 
insulated to meet minimum heat loss requirements, then insulating materials that manage 
both water vapor migration and heat flow to avoid condensation in both heating and 
cooling season are necessary.  If attic vents are to be eliminated, condensation on the roof 
sheathing during cold weather must be prevented and in snow country the formation of 
ice dams must be prevented. Warm, humid indoor air must be kept from reaching the 
bottom side of the roof sheathing. A combination of materials must be used that provide a 
continuous air barrier to keep warm humid air indoor air from reaching the bottom of the 
roof sheathing and provide at least the minimum required insulation and water vapor 
control. 
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Increasing temperatures and wetter or drier climates will favor increased populations for species 
that compete better in the changing climate. Species that currently have a minor role in some 
areas may thrive in warmer and wetter or warmer and drier conditions. Species adapted for 
warmer climates will extend their range further north into new territory. Impacts that result from 
organisms flourishing or expanding their range include: 

Problem organisms increase population and expand range 

 
• Organisms that lead to the premature failure of buildings (e.g., termites) may expand their 

range. 
 

• Organisms that contribute to the onset or aggravation of disease or affect IAQ directly 
(e.g., rodents, mosquitoes, dust mites and roaches). 

 
• Increased pesticide use in and around buildings is a likely response to both situations. 

 

Termites: The risk of termite infestation in North America is shown on the map in Figure 14 
(ICC 2009). While dozens of termite species are active in North America, widespread risk to 
buildings is dominated by subterranean termites (family Rhinotermitidae). Some species have 
fairly wide distribution, tolerating a wide range of seasonal temperatures and moisture 
availability (e.g., the Eastern and Western subterranean termites [Reticulitermes flavipes and 
Hesperus]). Others have adapted to warmer and drier climates (e.g.,  desert subterranean termite 
[Heterotermes aureus]) or warmer and wetter climates (e.g., Formosan subterranean termite 
[Coptotermes formosanus]).  
 
Historically, termite range has been bounded by the 50° F annual mean isotherm north and south 
of the equator (Ebeling 1978). Termite activity north of this limit is reported to be confined to the 
warmer microclimates produced in soils surrounding and beneath buildings (Ebeling 1978). 
Researchers believe that termites migrate deeper into the soil in response to cold weather where 
food resources become increasingly scarce. Termite colonies in the northern states and southern 
Canada do not disperse by aerial flights of winged alates as they do in the southern states 
(Ebeling 1978, Peterson 2010). This limits expansion of termite colonies at the northern end of 
the range to tunneling and transport in wooden materials. As the climate warms and frost does 
not reach as deeply into the earth, the termite range is likely to move further north, and termite 
populations in the current northern range are likely to increase. Figure 15 shows the locations of 
termite activity in 2005 (National Termite Survey). The northern range is dominated by the 
Eastern and Western subterranean termites (Reticulitermes flavipes and Hesperus). The 
temperature below which R. flavipes cannot function – the Lower Critical Thermal limit 
(CTMin) – is between 36°F and 39°F (Hu 2004).  Overlaid on this map are the 45°F and 50°F 
annual mean isotherms. This gives a rough idea of the area to which termite activity might 
extend if temperature increases by 5°F. Termite survival overwinter is likely to be more 
dependent on the temperature of the coldest month rather than the annual mean.  Termite activity 
is limited by soil moisture in the American Southwest and parts of the Great Plains (Haverty 
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1976). Shifting precipitation trends are likely to increase termite populations and favor different 
species in Colorado, Utah and parts of the Midwest.  
 

The Formosan (Coptotermes formosanus) termite is of particular interest in regard to potential 
expansion for three reasons: 
 

• They damage buildings at a much higher rate than other species found in the U.S. 
because of their large colony size and voracity (Hu 2004). 

 
• They are currently confined to a few Gulf Coast states and Hawaii (See Figure 14). 

NOTE: Several species of termite active in Hawaii are not found in any other state. 
 

• The limits of their northern range have not yet been established. While they have 
expanded their range significantly since their first discovery in Lake Charles, La., in 
1966, it is unlikely they have reached the northern most thermal limit. The CTMin for C. 
formosanus is between 45°F and 50°F. The thermal northern limit for general success is 
likely to be further north than the current Gulf Coast states. Active quarantine programs 
by states that currently have infestations are likely to have slowed the expansion north. 

 
Interventions 

Termite incursions into new territories and increased populations in areas where termites are a 
light or moderate risk are likely to be met by increased use of current termite control measures. 
Termite control in buildings is a combination of three tactics: 
 

• Prevention 
 

o Construction details that are intended to prevent termite infestations.  
 Maintain at least a minimum distance between grade and the top of 

foundations.  
 Use construction materials that are either naturally termite resistant (e.g., 

stone, concrete, Atlantic white cedar, teak) or products treated with 
termiticide or feeding deterrents (e.g., lumber and foam insulation treated 
with borates, quaternary copper compounds). 

 Provide physical barriers such as: 
• Stainless steel mesh barriers at foundation superstructure 

intersection and penetrations through the foundation. 
 Basaltic sand covering crawlspace floors. Use effective moisture control 

details (above-grade infestations require a moisture source in the 
building). 

 Clean all wooden and paper materials from the construction site – do not 
bury them or leave them in crawlspaces. 
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o Soil pesticide barriers - application of pesticides to form a chemical barrier in 
soils surrounding building foundations. 

 
• Regular termite inspections 

o Construction details that make inspection for termites easy. 
o Use of bait/monitoring stations to identify termite activity in the soil near 

buildings.  
• Response to infestations 

o Reapplication of soil pesticide barrier. 
o Tenting and fogging entire buildings. 
o Application of pesticides directly to colonies. 
o Replacing bait in monitoring stations with insect growth regulator. 
o Applying above-grade bait/monitoring/insect growth regulator stations. Applying 

heat and microwave treatments. 
o Physically remove colonies and damaged material. 
o Identifying and repairing water sources. 

 
In areas of the U.S. with heavy and moderate termite risk, applying pesticide barriers to the soil 
surrounding the foundation is a common preventive measure. Pesticides may be reapplied in 
response to infestations. Reapplication has become more common because the newer generations 
of termiticides have much shorter half-lives in the soil – e.g., 2 – 9 months for chlorpyrifos, 
imidacloprid and bifenthrin (Mulrooney 2006) than older generations – e.g. ,4 years for 
chlordane (http://extoxnet.orst.edu/pips/chlordan.htm ).  
 
The use of pesticide barriers in new regions of the U.S. will lead to increased public exposure to 
termiticides. Studies of pesticide exposure routes and tracked-in contaminants have repeatedly 
found termiticides in indoor dust and indoor air and documented consequent exposure through 
inhalation, dermal and secondary ingestion (Pisaniello 1993, Colt 1998, Colt 2004, Roberts 
2004, EPA 2007).  
 
There is also evidence that soil pesticide barriers currently in use are not as effective as they once 
were. Su (2009) reports that because of risk to humans and the general environment chlordane 
use was terminated during the 1980s. At that time the pest control industry switched to alternate 
liquid pesticides that are shorter lived and more expensive than chlordane. Once the shorter lived 
pesticides degrade, the soil pesticide barrier can be renewed only by drill and inject methods 
which are not as effective as preconstruction soil spraying. Of the newer termiticides, those that 
depend on repellency lose effectiveness more quickly than those that are undetectable by termites 
(Ogg 2006). 
 
Tenting and fogging entire buildings also has the opportunity to expose the general population to 
pesticides. In addition at least one termite and rodent control fogging agent is a potent 
greenhouse gas. Sulfuryl fluouride is estimated to have between 120 and 7,600 times the global 
warming potential as carbon dioxide. Two thousand to three thousand tons are released into the 

http://extoxnet.orst.edu/pips/chlordan.htm�
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atmosphere each year (Andersen 2009). This provides a feedback mechanism in which one of the 
effects of climate change leads to greater release of the greenhouse gases that cause climate 
change.  
 
Interventions 
 

Alternatives to pesticide intensive treatments: Alternatives to pesticide soil barriers and fogging 
must work with other prevention, inspection and infestation response measures. Alternatives 
reported to provide sufficient protection include: 
 

• Baiting/monitoring station combined insect growth regulators (e.g., slow-acting chitin 
synthesis inhibitors or juvenoids) (Verma 2009, Yates 1999, Su 1998). 

• Use of naturally resistant or treated building materials (Yates 1999). 
• Mixed graded sand barriers (Verma 2009, Yates 1999, Su 1998). 
• Stainless steel mesh barriers (Verma 2009, Yates 1999, Su 1998). 
• Above-ground baiting/monitoring stations (Verma 2009, Yates 1999, Su 1998). 
• Heat and microwave treatments (Verma 2009). 
• Details to facilitate termite inspection. 

 
Of these methods, the use of treated wood and foam insulation materials and the use of 
bait/monitoring stations combined with insect growth regulators have gained significant 
acceptance in the marketplace.  The purpose of integrated pest management is to lower the 
carrying capacity of a building in regard to specific pest species. This is accomplished by 
intervening in the ability of a species to enter a building and find enough food, water and shelter 
to support and successful colony. Pesticide control alone is unlikely to be successful. The 
EPA/ASHRAE Indoor Air Design Guide Parts I and II contain guidance for designing buildings 
to be resistant to colonization by pest species (ASHRAE 2009). The guide contains some 
specific suggestions for termite control, including the use of stainless steel mesh and graded sand 
barriers to exclude termites from buildings, termite-resistant wood materials treated with borate 
solutions, inspection and judicious use of non-repellent pesticides or bait/monitoring/insect 
growth inhibitor baits. 
 
Historically, it has proven difficult for integrated approaches that are less dependent on pesticide 
application to gain acceptance (Yates 1999, Su 1998, Ogg 2006). Yates III (1999) and Su (1998) 
report that barriers to implementation include poorly informed home buyers, lenders, contractors 
and architects, requirements for soil pesticide application certificates and fear of loss of 
livelihood on the part of pest control contractors.  
 
Energy conservation in buildings is a crucial part of the response to climate change. Building 
foundations are a significant source of heat loss during cold weather and therefore sealing and 
insulating them is a common energy-conserving measure in both new and retrofit work. In the 
highest risk termite areas there are prohibitions on the use of foam board insulation to cover 
foundation walls or be placed beneath concrete floor slabs. Foam board on the exterior of the 
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foundation interferes with the application of soil pesticide treatments. Foam board on either the 
interior or exterior of a foundation makes it difficult to inspect foundations for signs of termite 
infestation (e.g., mud tubes) (Ogg 2006).  Above-grade inspection strips must be left open for 
several inches below the mud sill so inspections can be made for the mud tubes termites use to 
conserve moisture as they travel from the nest in the soil to the wooden portion of a building. 
Because concrete has very poor insulating value, the area where the strip is required is also the 
area of greatest heat loss through the foundation. The best compromise between termite risk and 
energy conservation in these areas is to minimize the amount of foundation left uninsulated (EPA 
2009). The author hypothesizes that there is a potential advantage to insulating foundations in 
cold climates. Insulating foundations will cause the surrounding soil to become cooler during the 
winter. This may make it more difficult for termites to overwinter successfully, or successfully 
enough to produce alates. While it has been feared that this may increase the risk of freeze-thaw 
problems, this fear not been realized in buildings with heavily insulated foundations in cold 
climates (Straube 2010).  
 

 

 
Figure 14 Termite infestation risk map. 
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Figure 15 Location of termite infestations reported to the National Termite Survey (National 

Termite Survey 2005) 
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