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Executive Summary

Recently, there has been a proliferation of voluntary green
building programs aimed at improving commercial and
residential environments. The guidelines for these programs
primarily focus on product and material selection, maximiz-
ing energy-efficiency, and reducing the impact of building on
the outdoor environment. However, proponents of green
building programs are increasingly emphasizing the indoor
environmental aspects of their programs and their related
occupant health benefits. Ideally, a home should be
designed, constructed, and operated in a manner where all
building goals are optimized — including environmental,
energy, durability, affordability, and occupant health
concerns.

In this preliminary report, the National Center for Healthy
Housing (NCHH) compared major national green building
and indoor air quality guidelines with its own set of recom-
mended healthy housing criteria to assess the extent to
which these programs protect residents from health and
safety hazards. The analysis examined guidelines produced
by both the public and private sectors including: the U.S.
Green Building Council’s LEED for Homes, the National
Association of Home Builders’ NAHB Green Home Building
Guidelines, and Enterprise Community Partner’s Green
Communities Criteria, spearheaded by Enterprise in partner-
ship with NRDC and other national entities. NCHH also
included in the analysis the U.S. Environmental Protection
Agency’s (EPA) Energy Star with Indoor Air Package and the
American Lung Association’s Health House Builder Guide-
lines, which are programs aimed primarily at improving the
quality of the indoor environment.

The analysis examines whether national green guidelines
address housing conditions known to affect health status,

such as asthma and respiratory disease, unintentional
injuries, and toxic agents. We compared the criteria in the
selected guidelines with NCHH’s healthy housing principles,
which were developed by a group of national experts under
a cooperative agreement from the Centers for Disease
Control and Prevention (CDC) for use in a nationwide train-
ing and education program. In short, these Healthy Homes
principles provide for keeping homes dry, clean, well-
ventilated, pest-free, free from contaminants, safe, and
well-maintained.

The results showed that there is significant variation in the
degree to which national green guidelines consider occu-
pant health. For example, although most programs had
elements related to reducing moisture and improving venti-
lation, injury prevention was omitted from all of the guide-
lines and protection from contaminants such as lead and
pesticides were not uniformly covered. Only one program,
Green Communities, focused on affordable existing housing,
an important consideration since low-income families

are disproportionately impacted by housing-related health
problems.

Overall, the analysis suggests that green building programs
offer a significant opportunity to achieve public health bene-
fits and have the potential to transform the housing market
toward healthier building. This report suggests ways to
strengthen the occupant health criteria for green building
programs so that they may deliver greater benefits to those
who are building and rehabilitating homes, and to the
families who reside in them.
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Background

Most communities rely primarily on residential building
codes to protect occupants from housing-related health and
safety hazards. The International Code Council (ICC) publish-
es building codes, which are recognized by many states and
municipalities that regulate construction practices (see
Appendix 1). Properly enforced building codes provide a
baseline for building safety. According to the ICC, “the
purpose of building codes is to establish the minimum
acceptable requirements necessary for protecting the public
health, safety and welfare in the built environment.™
Traditionally, the minimum standard concentrated upon
structural, fire, electrical, mechanical, and plumbing
concerns.

Expanding on these basic protections, dozens of jurisdic-
tions have created more comprehensive green and healthy
housing building criteria (see Appendix 2 for a list of green
building programs by region). For this analysis we chose to
focus on guidelines with a national focus. These guidelines
exist in many formats and are produced by several organiza-
tions with varying goals, such as energy conservation,
improved quality of life, and preventing adverse environ-
mental impacts.

We obtained green building guidelines or checklists from
the National Association of Homebuilders (NAHB), and the
United States Green Building Council (USGBC) and Enter-
prise Community Partners. In addition, we obtained the
indoor air quality guidelines from the U.S. Environmental
Protection Agency and the American Lung Association. The
following section provides a summary of the guidelines
developed by these organizations.

*http://www.iccsafe.org/government/Toolkit/Briefing.pdf

Summary of Programs Included in
the Analysis

National Association of Home Builders
Green Home Building Guidelines

The National Association of Home Builders (NAHB)
developed its Green Home Building Guidelines with “main-
stream” builders in mind. It is intended for people with
some expertise in environmentally conscious design and
construction and includes a criteria list with several
performance levels and associated verification measures.
The program emphasizes and rewards durable, well-built
homes. There is also a companion user guide to assist with
implementation. NAHB developed the guidelines through a
consensus-based process in 2004, with input from a variety
of stakeholder groups. The development process included
borrowing or actively involving administrators of the then
twenty-eight existing regional green building programs. The
guidelines seek to reduce the environmental impacts of
housing development by focusing on several key aspects of
the building process, which are termed “guiding principles.”
The stakeholder group determined the minimal requirements
for a house in each of these guiding principle groups, and
then developed additional features for each principle to dis-
tinguish a home as “green.” The stakeholder group identi-
fied point values for these additional features and devel-
oped bronze, silver, and gold designations for them (see
Figure 1). The point schedule assumes that a home is locat-
ed in the same Department of Energy designated climate as
Baltimore, Maryland. Unlike LEED for Homes (described
below), NAHB’s program requires point totals in each cate-
gory (site, water, energy, etc) and it assigns Bronze, Silver,
or Gold performance levels in each category.
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Figure 1. Principles and Levels of Compliance

Lot Design, Preparation, and Development
Resource Efficiency

Energy Efficiency

Water Efficiency

Indoor Environmental Quallity

Operation, Mainenance, and Homeowner Education
Global Impact

Additional points from sections of your choice

Bronze Silver Gold

8 10 12

44 60 7
37 62 100

6 13 19

32 54 72

7 7 9

3 5 6
100 100 100

Leadership in Energy and Environmental
Design for Homes (LEED for Homes)

The U.S. Green Building Council (USGBC) administers the
Leadership in Energy and Environmental Design (LEED) pro-
gram. LEED for Homes is a voluntary initiative designed to
actively promote the transformation of the mainstream
home building industry toward more sustainable practices.
The LEED for Homes Program’s long term goal is to recog-
nize and reward the top 25% of new homes, in terms of
environmental stewardship. LEED for Homes includes mar-
ket rate and affordable homes as well single family and
multifamily homes. USGBC is targeting the innovators,
early adopters, and early majority segments of E.M.Rogers’
taxonomy (Figure 2). The program is being piloted thru early
2007. A public review of the LEED for Homes rating system
is planned for the second half of 2006.

Figure 2: Innovation Adoption by Group

Rogers Adoption/Innvation Curve

Late
Majority

Early
Majority

2.5%

Innovators Laggards

www.valuebasedmanagement.net

USGBC has seven committees of national experts that have
oversight over LEED for Homes, including the LEED for
Homes Product Committees, five Technical Advisory Groups,
and a Technical Scientific Advisory Committee (TSAC). A
Builder Review Panel evaluated the pilot program and pro-
vided input to the pilot version of the Rating System that
rolled out in August 2005. A public review period also
occurred just prior to the release of the pilot. The pilot
demonstration phase is planned for eighteen months. The
product development cycle includes two public reviews, and
a membership ballot. The costs of participation in the LEED
for Homes Pilot are largely established by local or regional
Providers. The Provider is responsible for the third party
inspection and performance testing services. These verifica-
tion and rating services will take a total of approximately 2
to 3 days per home, although the costs will very with the
size and location of the homes, and the number of green
measures to be inspected and tested. USGBC charges each
builder a $150 fee to register in the Pilot, and an additional
$50 fee to certify each LEED Home. LEED for Homes has
seven primary criteria categories with associated point
totals adding up to a maximum of 108 (Table 1).

LEED for Homes has several performance tiers termed Certi-
fied (30-49 points), Silver (50-69 points), Gold (70-89 points),
and Platinum (90-108 points). The third-party Provider is
responsible for determining the LEED for Homes score and
the rating.
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Table 1: Criteria Categories and Associated Point Values

Category Name

Prerequisite (Y/N) and Type

Max. Point Total

Homeowner Awareness Y-Homeowner Manual 1
Location and Linkages 10
Energy & Atmosphere Y-ENERGY STAR Home 29
Sustainable Sites N 14
Water Efficiency Y-water plan 12
Indoor Environmental Quality Y-combustion venting, humidity control, ventilation

(manual D, whole house and spot), construction

contamination control, radon and car emission control 14
Materials & Resources Y-durability plan, no tropical hardwoods, waste

management 24
Innovation & Design Process N 4

Enterprise Community Partners Green
Communities Criteria

Green Communities,™ a major initiative by Enterprise
Community Partners (Enterprise), is a five-year, $555 million
initiative to create more than 8,500 homes that deliver
significant health, economic and environmental benefits for
low-income families and communities. This groundbreaking
effort is a partnership between Enterprise, the Natural
Resources Defense Council, Global Green USA, the
American Institute of Architects, the American Planning
Association, the National Center for Healthy Housing,
Southface, and leading corporate, financial and philan-
thropic institutions. The foundational document for the
program was the Seattle SEAGreen.

Projects developed under the criteria must satisfy all
mandatory elements, and gain additional points (twenty-
five points for new construction or twenty for rehabilitation
projects) from optional criteria. The criteria allow flexibility
if a particular hardship is demonstrated and an alternative is
proposed that meets the intent and accomplishes the same
outcome as the criteria. Building projects that conform to
the criteria are eligible for grants, loans, and tax credit
equity as incentives. This is currently the only green building
program that requires a certain percentage of new homes
or apartments to be dedicated to lower-income residents.
Some studies have demonstrated that mixed income neigh-
borhoods can demonstrate significant health improvements,
compared to segregated, low-income communities.

The criteria are divided into categories in a similar fashion
as the other green building programs:

= Integrated Design Process

= Location and Neighborhood Fabric

= Site Improvements

= Water Conservation

= Energy Efficiency

= Materials Beneficial to the Environment

= Healthy Living Environment

= Operations and Maintenance

Optional criteria are available in Location and Neighborhood
Fabric, Site Improvements, Energy Efficiency, Materials
Beneficial to the Environment, and Healthy Living Environ-
ment. Integrated Design Process, Water Conservation, and
Operations and Maintenance contain mandatory elements
exclusively. A review panel evaluates each project for grant
approval that includes a self-certification of compliances by
the grantee’s project architect and construction manager,
thereby eliminating the need for a third-party rating system.

American Lung Association Health House
Builder Guidelines

The American Lung Association Health House Builder Guide-
lines are primarily focused on the indoor environment and
occupant health (particularly respiratory health) and focus
on newly constructed homes. Both required and optional
elements are included. Optional elements are upgrades that
are recommended to enhance building performance. The
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Guidelines are organized by the following building
categories:

= Site

= Building Envelope

= Finishes and Furnishings

= Mechanical Equipment

= Commissioning

= Construction, Hygiene, Safety and Health

The basic tenets of the Health House guidelines are to
prevent moisture accumulation from soil, precipitation, and
condensation; limit or modify materials that off-gas pollu-
tants; ensure ventilation to all critical areas of a house;
promote the ease of home cleaning; and to educate the
homeowner about critical operation and maintenance
procedures.

U.S. Environmental Protection Agency
Energy Star with Indoor Air Package Pilot
Specifications
The U.S. Environmental Protection Agency (EPA) developed
the Energy Star with Indoor Air Package (IAP) Pilot Specifi-
cations to recognize homes equipped with a comprehensive
set of indoor air quality measures. IAP is targeted to produc-
tion builders, which according to EPA, are the most rapidly
growing sector of the home building industry and is highly
influential in home building trends. Homes that comply with
these specifications can use “Indoor Air Package” as a com-
plementary label to Energy Star for homes. As a prerequisite
for this label, a home must first be Energy Star qualified.
Energy Star is a performance-based program, which requires
qualified homes to be at least 30% more energy efficient
than homes built to the 1993 national Model Energy Code or
15% more efficient than state energy code, whichever is
more rigorous. These savings are based on heating, cooling,
and hot water energy use and are typically achieved through
a combination of building envelope upgrades, high perform-
ance windows, controlled air infiltration, upgraded heating
and air conditioning systems, tight duct systems, and
upgraded water-heating equipment. IAP requires a suite
of additional prescriptive measures, consisting of seven
primary components:

= Moisture Control

= Radon Control

= Pest Control

= HVAC Systems

= Combustion Safety
= Building Materials
= Home Commissioning

Like Energy Star, IAP requires third-party verification
through the Home Energy Rating System (HERS) to ensure
compliance.

Method of Analysis
We developed a matrix to compare the criteria of the five
national programs with NCHH’s recommended health and
safety criteria that enable a home to meet NCHH’s seven
healthy homes principles:

= Keep It Dry

= Keep It Clean

= Keep It Well Ventilated

= Keep It Safe

= Keep It Free of Contaminants

= Keep It Pest Free

= Keep It Well Maintained

These principles were developed by a broad-based
expert workgroup of housing and health professionals

as part of the U.S. Centers for Disease Control and
Prevention — funded National Healthy Homes Training
Center and Network. For more information see
www.healthyhousing.org/training. The principles reflect
the latest in scientific research and best practices related
to reducing housing-related health hazards.

In the left column of Table 2 is a list of NCHH’s recommend-
ed criteria for achieving the above principles. This detailed
matrix indicates the extent to which each of the five
programs includes similar or equivalent criteria to that
recommended by NCHH. A program received a score of
three for a mandatory criterion that is equivalent to NCHH’s
recommended criterion. A program received a score of two
if the criterion was similar (e.g., partially addressed the
criterion) and was mandatory. A score of one was assigned
to a criterion that was either similar or equivalent, but
optional. A program received a zero for a criterion that was
omitted altogether. In some circumstances a not applicable
(N/A) was assigned to a given criteria. For example, under
the Green Communities program, very few garages will be
installed and therefore, the criteria related to air handling
equipment in garages was consider N/A.
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Table 3 summarizes the degree to which these programs
meet the overarching healthy homes principles. Programs
that required all of NCHH’s criteria (e.g., scored a two or
three for every criterion within a category) received the
highest rating. A program that scored a two or three for 75
to 99 percent of the items within a category received the
middle rating. Programs that achieved a two or three for
less than 75 percent of the criteria received the lowest
ranking. For instance, the Keep it Dry principle contains 12
criteria. To achieve the highest rating, a program would
have to score a 2 or 3 for all 12 criterion. The middle rank-
ing would be assigned if it scored a 2 or 3 for nine or more
of the 12 criteria (12 x 75%=9). The ALA Health House pro-
gram scored a two or three for all 12 criteria and therefore,
received the highest rating. The EPA Indoor Air Package
scored a three for ten out of the 12 criteria and therefore,
it received the middle ranking. Because none of the NAHB
Green Home Builder Guidelines were mandatory it scored a
one for all of the Keep it Dry criteria and therefore, received
the lowest ranking.

This analysis does not assign a weighting factor to each
individual criterion, because this would involve making sub-
jective judgments about the value of an individual criterion,

which would require scientific data to support weighting
one item more heavily than another. From a public health
standpoint we view all of the healthy homes principles as
important to the health and safety of residents. In develop-
ing the recommended healthy homes criteria and the under-
lying healthy homes principles we have attempted to reflect
current knowledge and best practices and to incorporate
criteria that are feasible to implement (e.g. can be broadly
adopted) and will contribute to health improvements. There
is a need for additional research to identify how much each
factor contributes to the occupants’ overall health status.

The review did not consider the costs of the various building
standards because none of the standards provide cost esti-
mates. Only the Green Communities Criteria explicitly con-
siders costs. In addition, of the guidelines, only the Green
Communities Criteria are directed toward both new
construction and rehabilitation activities. Of the guidelines
reviewed, the Green Communities Criteria has the broadest
application when viewed in this context.

Results
Table 2 shows the results of the analysis.

Table 2: Degree of Consistency with Healthy Homes Principles (1=least consistent; 3= most consistent).
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Criteria L Zm| ©O < w < o
Keep It Dry
For conventional hot water heaters and equipment 1 0 3 3 3 LEED MR 4.1; NAHB
that condense water (e.g., air conditioner, dehumidifier) Sec. 4.1.1, GCI 7-8,
install drains or catch pans that capture overflow or leaks. ALA 191, EPA 4.9;
Do not install mold-susceptible materials such as vinyl 1 1 3 3 3 LEED MR 4.1; NAHB
wallpaper, paper-faced gypsum board, and unsealed grout Sec 5.3.2; GCI 7-10;
in wet areas. Use highly durable, moisture-resistant ALA 50, 183;
materials in tub/shower enclosures (cement hoard, EPA 1.20
fiberglass-reinforced board).

Comparing Green Building Guidelines and Healthy Homes Principles: A Preliminary Investigation 9




Table 2 (cont). Degree of Consistency with Healthy Homes Principles (1=least consistent; 3= most consistent).

Criteria

LEED for Homes

NAHB Green Home

Building Guidelines

Green

Communities

ALA Health House

Energy Star Indoor
Air Package

Relevant Criteria

Basements and Concrete Slabs: Provide proper drainage to
the lowest level of concrete. Waterproof exterior of below
grade foundation walls. Provide continuous crushed stone
under footings or provide pipe through footing for drainage
of any accumulated water under slab to drainage. Install a
capillary break of 4 inches of clean or washed gravel (0.5-inch
or greater), placed over soil. Cover with a 6-millimeter (mil)
polyethylene sheeting moisture barrier, with joints lapped
one foot or more to prevent moisture from migrating from
the soil through the slab to a living or storage area. On
interior below-grade walls, avoid using separate vapor
barrier or a below- grade vertical insulation that can trap
moisture inside wall systems (e.g., polyethylene sheeting,
vinyl wallpaper or foil faced). Raise paper covered gypsum
board 1/2 inch above concrete slabs.

[N

[N

N

N

w

LEED MR 4.1; NAHB
2.23and 2.2.11;
GCI 7-11; ALA 24,
29-31, 46-49, 60,
61; EPA 1.16, 1.18;
LEED 4.1; ALA 184,

EPA 6.3;

Crawlspaces: Do not vent crawl spaces. Cover floor with
continuous sealed vapor retarder sealed to walls and
insulate walls.

LEED MR 4.1; ALA
32, 51-59; EPA 1.17

Insulate cold water pipes in climates and building
conditions susceptible to moisture condensation. Avoid
putting plumbing in exterior walls.

LEED EA7.1; NAHB
5.3.5&5.3.6
GCl 7-9; ALA 68;

Surface Water Drainage: Divert water drainage away from the
building by directing gutters and downspouts to flow onto splash

blocks or a proper drainage system. Slope new and rebuilt walk-

ways, stairs, patios and thresholds away from the buildings. Best
practices include a grade of 0.5 inch per foot, or approximately
a 4 percent pitch. EPA recommends a 2 percent pitch (0.25 inch
per foot) for hard surfaces such as patio slabs, walks and drive-
ways. Provide drain tile at footings, level or sloped to discharge
to outside grade (daylight) or to accessible sump pump. Top of
drain tile pipe must always be below the level of where bottom
of concrete slab or crawl space floor will occur. Pipe shall be
surrounded with minimum of 6 inches of 3/4 inch washed or
clean gravel that is fully wrapped with fabric cloth. Use a sealed
sump pump system. Drainage system not required in pure sand.

LEED MR 4.1; NAHB
2258&226&229;
GClI 7-12; ALA 9, 21,
103-106, 109; EPA
1.15, 1.14,1.19, 1.20;

Minimize and properly flash all roof penetrations and
construct effective eaves. Where feasible, extend eaves
(ideally 18 inches to 2 feet, climate conditions permitting) to
keep water away from the building. Provide step flashing at
intersections of roof and walls with the exception of
continuous flashing at metal and rubber membrane roofs.
Use metal “kick-out” flashing at the end of roof/wall
intersections to direct water away from wall.

LEED MR 4.1; NAHB
2218&2212&
2.2.2; GCI 7.12.(how);
ALA 95-102; EPA
1.1,12,1.3, 15

Comparing Green Building Guidelines and Healthy Homes Principles: A Preliminary Investigation
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Table 2 (cont,). Degree of Consistency with Healthy Homes Principles (1=least consistent; 3= most consistent).
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Install continuous drainage plane fully sealed at all 1 1 2 2 3 LEED MR 4.1; NAHB:
penetrations that directs water away from wall assemblies. 2.2.9; GCl 7-12;
ALA 63, 69, 69; EPA
IAQ: 1.7, 1.13
Install effective flashing on all rough openings, including 1 1 3 3 3 LEED MR 4.1;
membrane flashing on bottom of all rough openings for NAHB 2.2.12;
windows (pan flashing) and doors, using adhesives compatible ASTM 21.12; GCI
with drainage plane materials and window and door head casing 7-12; ALA 74-77,
flashing. Ensure proper installation of windows and doors to EPA 1.8;
protect moisture-sensitive materials from rainwater intrusion.
Reduce moisture problems caused by unnecessary heat loss 1 1 1 3 3 LEED EA 2.1;
into and out of the unconditioned space. No non-airtight NAHB 3.3.1; ALA
recessed light fixtures in insulated ceilings. 242; EPA 1.10,
1.11; GCI 5.1
Plan landscaping so that mature plantings will be at least 24” 1 1 0 3 0 LEED MR 4.1;
from house. Avoid planting trees where root systems can ALA 10, 13
penetrate the foundation and plumbing.
Avoid wall-to-wall carpet in wet areas including bathrooms, 1 0 3 3 3 LEED MR 4.1; GCI
kitchens, utility rooms, basements, or entryways. 7-4; ALA 134;
EPA 6.10;
KEEP IT CLEAN
Install permanent walk-off mats, provide track off system, or 1 0 0 3 0 LEED IEQ 8.2;
design to accommodate track off mats. Provide sufficient ALA 79-82
storage area for shoes and boots to encourage removal when
entering building.
Do not install carpet in at least one bedroom. If feasible, 1 0 1 3 0 LEED MR 5.2;
install smooth and resilient flooring in all rooms. GCI 7-17A, ALA,
83, 121, 145-155
If possible, install central vacuum system with exhaust to 2 0 1 3 3 LEED IEQ 8.2;
the outdoors. GCI 7-17B; ALA
143; EPA 4.21
Comparing Green Building Guidelines and Healthy Homes Principles: A Preliminary Investigation 11




Table 2 (cont.): Degree of Consistency with Healthy Homes Principles (1=least consistent; 3= most consistent).

o P o .
£ c 1] S ©
g | £ 38 | B 5
£ = o T = o =
2 | 83| £| £ |89 S
5158 -2] £ |38 5
2 ITI=| Q¢ < i 2
o = <S5 25 - e = o)
Criteria 4 Zmo | ©O < w << x
KEEP IT WELL VENTILATED
Except for exhaust fans ducted to multiple bathrooms, install 3 1 2 3 3 LEED IEQ 5.1,
Energy Star-labeled local exhaust bathroom fans per 5.2; NAHB 3.3.2;
ASHRAE 62.2 that exhaust to the outdoors, are equipped with GCI 7-5; ALA
a humidistat sensor or timer, and have rates of at least 208-209, 237,
20 cfm continuous (50 cfm intermittent). For kitchens with gas EPA 4.16
cook tops and/or gas ovens, install power-vented Energy-
Star labeled fans or range hoods per ASHRAE 62.2 that
exhaust to the exterior and have rates of 5 air changes per
hour or 100 cfm intermittent.
Adequately ventilate all living areas by following ASHRAE 3 1 3 3 3 LEED IEQ4.1;
62.2 or as a rough rule of thumb providing 15 cubic feet per GClI 7-6; ALA 206;
minute of fresh air, per occupant, either via the HVAC system EPA 4.15
or through natural ventilation.
Size HVAC systems to prevent short-cycling of heating or air 3 1 3 3 3 LEED EA 6.2; NAHB
conditioning and ensure adequate dehumidification (ACCA 3.1.2; GCI 7-7; ALA
Manual J and S). 240; EPA 4.8
Do not install air handlers or duct work in garage. Exhaust 3 0 N/A 3 3 LEED IEQ 10.1;
ducts allowed if leakage is limited to <5%. ALA 89, 113;
EPA 4.3,4.12
Install air filters rated at MERV 8 or higher, and ensure that air 3 1 3 3 3 LEED IEQ 7.1;
handlers can maintain adequate pressure and air flow, OR NAHB 5.2.3
Install Ductless Space Conditioning System (MERV 9); ALA 223;
EPA 4.19
Avoid use of HVAC equipment during construction, mask HVAC 3 0 3 3 LEED IEQ 8.1;
outlets during construction, and clean HVAC ducts and coils NAHB 5.1.7; ALA
before occupancy. 169, 250; EPA 4.7,
71,72
Ventilate before occupancy. For the period between finishing 0 0 N/A 3 3 ALA 166-168, 251,

and occupancy, ventilate the building at the highest rate the
ventilation system can produce for a period of three days.

EPA 6.5, 7.4, Green
Comm requires all
low-voc products;
rendering criteria

non-essential.

Comparing Green Building Guidelines and Healthy Homes Principles: A Preliminary Investigation
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Table 2 (cont). Degree of Consistency with Healthy Homes Principles (1=least consistent; 3= most consistent).
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KEEP IT SAFE
Set water heater temperature at 120 degrees Fahrenheit. 0 0 0 0 0

Install medicine storage cabinets with locks in homes that may
be occupied by young children.

Install grab bars inside and outside showers in housing units
that may be occupied by persons over 55.

Provide smoke detectors per code AND hardwired with battery
backup.

Codes typically
require smoke
detectors hence all
standards are scored
as having achieved
similar criteria;
hardwired devices
with battery backup
not typically required.

Install one carbon monoxide (CO) alarm outside of each separate
sleeping area in homes with combustion appliances. Install
additional alarm on interior wall of attached garage.

LEED IEQ 2.1; GClI
7-13; ALA 199 (must
meet Canadian
std 6.19); EPA 5.6

KEEP IT FREE OF CONTAMINANTS

Use low-volatile organic compounds (VOC) paints and primers. LEED MR 5.2;
Use low-VOC sealants and adhesives. If carpet used, use tack NAHB 7.1.2; GCI
strips to lay down carpets whenever possible. 7-1; ALA 157,
NAHB 7.1.3;
GCI 7-2; ALA 43,
154,179
Ensure any composite wood used, (including interior panel LEED MR 5.2;
products, exposed particleboard, MDF) is free of added urea NAHB 5.1.5; GCI
formaldehyde, or sealed with a low-VOC, water-based sealant or 7-3; ALA 170-176;
laminate. Wire shelves are appropriate as an alternative. EPA 6.7 (ANSI
208.1 AND 208.2)
Carpet: If using carpet, install Carpet and Rug Institutes Green LEED MR 5.2;
Label Plus certified carpet. NAHB 5.1.6;
GClI 7-4; ALA5.2;
EPA 6.9
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Table 2 (cont). Degree of Consistency with Healthy Homes Principles (1=least consistent; 3= most consistent).

o 3 © .
€ c 0 S ©

[%] o = g e =

g :':: 8 n T = o pe

2 | 83| 2| £ |89 S

g 1ef|:2| £ |38

a IT=|QE < 3 T 2
Criteria i S2|58 < | &< &
Use lead safe work practices when sanding, cutting, scraping, N/A N/A 3 N/A N/A GCl 7-16
drilling or in any other way disturbing painted surfaces in
homes built before 1978, unless lead testing documents show
that the paint is not lead based. Follow Lead-Safe Work
Practices. Follow 24 CFR 35 for federally owned or assisted
properties. Follow the Lead Paint Field Safety Guide for all
other properties.
Install detached garage OR tightly seal shared walls between LEED IEQ 10.2,
garage and conditioned spaces with: continuous air barrier, 10.3; NAHB 5.1.4;
tightly sealed door from living space to garage, air sealing of GCI 7-13;
all penetrations, walls, ceilings and floors, and minimum 100 ALA 110-118;
CFM exhaust fan rated for continuous exhaust with automatic EPA 5.3-5.5;
timer control to run for a pre-set period of time when garage
door opens and closes.
Use smooth and cleanable environmentally friendly flooring LEED MR 5.2;
products such as: linoleum, laminate, ceramic tile, bamboo, NAHB 2.4.1 & 2.6.1

cork, wood (especially salvaged wood), rubber or other low
VOC emitting products.

(use materials
from renewable
resources); GCI 7-10,
7-17A; EPA 5.1,

Ensure all combustion fueled equipment in conditioned
spaces is vented to the outside and either sealed-combustion,
direct vent, power-vented, induced draft, or aerodynamically
de-coupled from the indoor air. No unvented fireplaces OR all
fireplaces and solid fuel heating must have tight-fitting doors
and dedicated utside combustion air. Non-closed combustion
systems must be aerodynamically de-coupled from the

indoor air.

LEED IEQ 2.1; NAHB
5.1.1 (water
heaters only); GCI
7-8 (water heaters
only); ALA 198; E
PA 5.1; LEED for
Homes 2.1, 22; GCI
7-8 (water heaters
only); ALA 198;
EPA 5.2

If home is located in EPA Region 1, or local data suggest that
there is a radon risk, design and install radon mitigation
system, and perform short term radon test. Radon test all
homes after completion and before occupancy. Radon
mitigation systems are strongly recommended for EPA

region 2.

LEED IEQ 9.1, 9.2;
GClI 7-11; EPA 2.1-
2.3,7.6; NAHB 5.2.5

Comparing Green Building Guidelines and Healthy Homes Principles: A Preliminary Investigation

14




Table 2 (cont). Degree of Consistency with Healthy Homes Principles (1=least consistent; 3= most consistent).

o B PR .
€ < %) 11 ©
g | 23 3 | g S
1S o 2 0 T T~ o =
$ |83 £| £ |88 5
2 |28 2| £ |55
o T2| 8¢ < 5 o
L = <5 | =0 - c .= o)
Criteria 4 Zm| ©O < w < x
KEEP IT PEST FREE
Seal all wall, floor and joint penetrations with rodent proof 1 1 3 3 2 LEED SS 5; NAHB
materials and low VOC caulk if appropriate. Apply boric acid 3.3.1 (w/o rodent-
in holes and cracks likely to experience pest problems. proof and boric acid
provisions); GCI 7-15;
ALA 37-39, 107;
EPA 3.1
KEEP IT WELL MAINTAINED
Provide a “User’s Manual” for the house, including written 3 3 3 3 3 LEED HA 1; NAHB
operation instructions for the house, maintenance schedule, 6.1; GCI 8-1, 8-2;
maintenance instructions, equipment literature, equipment ALA various; EPA
warranties. 7.8
The builder shall provide the home buyer with a Homeowner’s 3 2 2 3 2 LEED HA 1;
Manual / binder that includes: NAHB 6.1 & 6.2 ;
= Healthy Home/Indoor Environment Certificate; and GCl 8-1,8-2),
= The completed checklist of Healthy Homes features; and 8-3; ALA 252;
= The product manufacturer’s manuals for all installed EPA 7.7
equipment, fixtures, and appliances.
= A walkthrough of the home before closing, that is at least
60 minutes in duration. The walkthrough should include:
< Identification of all installed equipment, and
= How to use measures and operate the equipment in their
Healthy Home appropriately; and
= How to maintain the measures and equipment in their
Healthy Home properly.
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Table 3. Comparison of National Green Building Program Guidelines with Key Healthy Housing Principles

Healthy and Affordable Building Principles

CD£ <)) —

£ c 2] 8

o =
3 T o o =
€ CE 0 I — o
S o 3 2 £ 5 o
T o O = = 2 @
— 6@ c s} 0 X
o c > [} >O
= m:s | € E T >0
[a)] = Q= < =
Iy 35| 25 _ 2=
w <
| Z m O O i <C

KEEP IT DRY*

KEEP IT CLEAN

KEEP IT WELL VENTILATED

KEEP IT SAFE

KEEP IT FREE OF CONTAMINANTS

KEEP IT PEST FREE

KEEP IT WELL MAINTAINED

@ OO0 |® |0 |®
@ OO0 |0 |0 |0
@ ® | ® O d® O ®
@ @ @ O |0 0o o
@ @@ O |@®@ | O ®

* Received credit for detailed climate-based durability plan.

‘ all criteria required Q 75% of criteria required

(O less than 75% of criteria required

Discussion

There is substantial variation in the occupant health criteria
of the national programs. Because of their specific focus on
occupant health, the ALA Health House and EPAs Energy
Star Indoor Air Package generally scored better. LEED for
Homes includes a 10 point credit for completing the ENER-
GY STAR with IAP certification. The green programs were
more variable in their consistency with NCHH’s criteria. For
example, NAHB’s guidelines are flexible in nature enabling
a wider variety of practices to attain air quality goals.
Although this offers builders the ability to exceed the basic
requirements, it also provides the opportunity for builders to
under-perform on indoor air quality measures. The NAHB

standards received the lowest rating because the criteria
are optional and it is difficult to ascertain whether they
would be followed.

All of the standards and guidelines specify low or no
volatile organic compound (VOC) emitting materials as a
mandatory or optional requirement. Traditional sources of
formaldehyde, panels with urea formaldehyde resins such
as particleboard or plywood, are either discouraged or
required to be sealed with a low VOC sealer. From an occu-
pant health standpoint, wood is a “healthy” building materi-
al, generally creating a cleanable surface without contribu-
tion of contaminants to the home. Woods visual warmth
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may also offer intangible emotional value to occupants.
Wood has been historically an expensive material that

raised affordability concerns and its harvest can reveal

broader sustainability issues.

Polyvinyl chloride products are another controversial materi-
al group for green building. Some environmental groups
consider vinyl the worst plastic from an environmental and
human health perspective, citing among other things the
disproportionate impacts vinyl production facilities have on
the poor and communities of color* and the harmful chemi-
cals generated through the vinyl production process, includ-
ing chlorine and dioxins. Vinyl building products are not
restricted by any of the standards, although most encourage
natural products through optional criteria. Other residential
green building guidelines such as SeaGreen in Seattle
discourage the use of vinyl because of its environmental
health impacts. The leading green building guidelines for
the health care industry, the Green Guide for Health Care,
offer credits for avoiding vinyl.

All of the programs have similar, some more explicit,
requirements or recommended practices for moisture con-
trol. LEED for Homes and the NAHB guidelines provide
builders with more moisture control options, while the other
standards explicitly require specific surface water controls
and building practices to prevent moisture problems. The
moisture management requirements for LEED for Homes are
optional and therefore scored a one in the detailed matrix.
However, the program requires the preparation of an exten-
sive durability plan tailored to local climate conditions as
well as verification of that plan. NCHH believes that several
of the criteria in the Keep it Dry category are universally
appropriate and should be mandatory requirements (e.g.
avoiding carpets in wet areas). At the same time, we
recognize that local climate conditions and geology vary
considerably in the United States and that a sound moisture
management plan should reflect these differences. We
acknowledged LEED’s approach in Table 2 by assigning the
middle ranking to the Keep it Dry category.

The Green Communities, Energy Star with Indoor Air Pack-
age and Health House guidelines all discourage the use of
carpeting in moisture-prone areas such as kitchens, bath-

awww.rachel.org/bulletin/pdf/Rachels_Environment_Health_
News_1012.pdf

rooms, entryways, and basements. Neither the NAHB guide-
lines nor LEED for Homes explicitly restrict the use of
carpets. Although LEED for Homes does recommend using
either less carpeting or GRI certified carpeting.

Ventilation varies among the programs. LEED for Homes and
Energy Star with Indoor Air Package specifies ASHRAE 62.2.
Green Communities includes many but not all of the 62.2
requirements. Health House requires more ventilation

than 62.2 and NAHB requires less ventilation than the

other programs.

Conclusion

The goals of the green and healthy housing programs and
guidelines vary by the mission and constituency of the organ-
izations that develop them. NAHB’s Green Home Building
Guidelines are intended to serve as a foundation upon which
other organizations can develop their own guidelines. The
Guidelines have a very informative and well-referenced
user’s guide to assist with implementation. LEED has a
formidable presence in commercial green building and there-
fore it brings brand recognition to the residential environ-
ment. A major advantage to LEED for Homes is its third-party
assurance of performance. Green Communities Criteria is
extremely well organized and user-friendly and has an
additional focus on lower-income residents and addresses
housing rehabilitation. Each criterion, intent, and explanatory
statement is concise and easy to follow. The Energy Star
with Indoor Air Package is also very well organized and
referenced. The ALA Health House program is extremely
detailed, but less user friendly by comparison. A key strength
of the Health House program is that it involves builder train-
ing and as such does not rely on the criteria list as the main
vehicle for promoting change in practice. Overall, for healthy
indoor environments, Energy Star Indoor Air Package Pilot
Specifications and the ALA Health House Builder Guidelines
offer the greatest protection of occupants whereas the
Green Communities Criteria explicitly consider the special
needs of affordable housing and existing housing.

Importantly, this study did not examine program feasibility
or effectiveness. Simply strengthening program criteria
without corresponding behavior change among builders will
not achieve healthier homes. Likewise, widespread compli-
ance with criteria that are not explicitly linked to the health
benefits they claim does not move the nation toward better
quality housing. This preliminary analysis demonstrated the
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need for further scientific research and evaluation of the
health benefits for residents living in green housing. Track-
ing and measuring the expected health improvements
among all of the green programs is worthy of consideration.
Furthermore, there is a need to standardize the health and
safety hazard assessment and treatment protocols currently
in use across the country. Finally, additional research and
evaluation are needed to understand both the impact of
green building programs on public health during the “use”
phase, and also the lifecycle impacts on public health. A
cradle to grave approach to building acknowledges both the
impacts for current residents, as well as considerations for
future families and communities.

NCHH applauds the national and local organizations that
have developed green building programs to help conserve
our nation’s energy and natural resources, protect the envi-
ronment, increase our access to nature, and protect families
from environmental health threats. These programs offer
new opportunities to create more livable and sustainable
communities and underscore the relevance of the built envi-
ronment to our health and well-being. NCHH hopes this
review will promote the proliferation of these programs and
will spur a greater commitment to resident health as these
programs evolve and new programs emerge.
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Appendix 1

International Code Council Model Building Codes
= International Building Code
= International Residential Code
= International Fire Code
= International Plumbing Code
= International Mechanical Code
= International Fuel Gas Code
= International Energy Conservation Code
= International Private Sewage Code
= |CC Performance Code
= ICC Electrical Code — Administrative Provisions
= International Property Maintenance Code
= International Zoning Code
= International Existing Building Code
= International Urban-Wildland Code
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International Codes-Adoption by Jurisdiction

ICC makes every effort to provide current, accurate code adoption information, but in some cases jurisdictions do not notify ICC of adoptions,
amendments or changes to their codes. To ensure you have accurate information, please contact the jurisdiction.

X = Effective Statewide A = Adopted, but may not yet be effective L = Adopted by Local Governments S = Supplemd
03 = 2003 Edition 00 = 2000 Edition

Jurisdiction IBC | IRC | IFC | IMC | IPC | IPSDC | IFGC | IECC | IPMC | IEBC | ICCPC | IUWIC |IZC | ICCEC
Alaska X L X X L L

Alabama L L L X L L L L L L L L L
Arkansas X X X X X03 X03

Arizona X L L L L L X L L
California

Colorado L L L L L L L L L L L L L
Connecticut X03 X X X03

Delaware L L L X L L L

Florida X X X

Georgia X X X X X X X

Hawaii

lowa L L L L L L L L L L L L
Idaho X X X X X

lllinois L L L L L L L AOO,L| L L L L
Indiana X X X X X

Kansas X L L L L L L X L L
Kentucky X X X L

Louisiana X L X L L

Massachusetts A A A

Maryland X X L L L L L L
Maine X03| X03| L L L L L L L L L
Michigan X X X X X X X X

Minnesota X X X

Missouri L L L X X L L L L L L L
Mississippi L L L L L L L L L L L L
Montana X X X X X

North Carolina X X X X X X X

North Dakota X X L X X L

Nebraska L L L L L L L L L L L L
New Hampshire X L L X X L X L

New Jersey X X X X

New Mexico X03| X03| L L L L X03 L X03

Nevada L L L L L L L

New York X X X X X X X X

Ohio X L L X X X L

Oklahoma X X X X X L X L X X L L
Oregon X X X X

Pennsylvania X X X X X X X L X X X X
Rhode Island X03| X03 X03| X03 X03 | X03

South Carolina X03| X03| X03| X03|] X03 LO3 X03 | X03 LO3 LO3

South Dakota X L X L L L L L

Tennessee L L L L X L L L L

Texas L X L X X L L X L L L L
Utah X03| X03| X03| X03|] X03 X03 | X03

Virginia X X X X X X X X L X
Vermont X

Washington X X X X L L L

Wisconsin X L X X X

West Virginia X X X X X X X X

Wyoming X L X X L X L L
District of Columbia X X X X X X X X

Department of Defense X

National Park Service X

Puerto Rico X

U.S. Virgin Islands LO3| LO3 LO3 LO3
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