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There are many definitions of green construction, green building, sustainable building, and green 
jobs, all of which incorporate environmentally responsible and resource-efficient components. The 
Environmental Protection Agency (EPA) defines “green building” as the practice of creating structures 
and using processes that are environmentally responsible and resource efficient throughout a building’s 
life cycle from design, construction, operation, maintenance, renovation, and deconstruction. A green 
building incorporates green technologies and sustainable practices throughout the entire life cycle of 
the building to help improve the environment.

HOW THE GOVERNMENT CERTIFIES GREEN BUILDINGS

The U.S. Green Building Council (USGBC) developed a green building certification system in 2000, 
titled Leadership in Energy and Environmental Design (LEED), which recognizes and certifies buildings 
with green building design and construction, as well as sustainable operations and maintenance practices. 
LEED points are awarded on a 100-point scale and building owners can apply for LEED Certification 
(40+ points), LEED Silver (50+ points), LEED Gold (60+ points), or LEED Platinum (80+ points). LEED 
measures an applicant’s building on the following characteristics:

•	 Sustainable site selection

•	 Water efficiency

•	 Energy-wise strategies

•	 Material selection and waste reduction

•	 Indoor air quality

•	 Location within the community

•	 Awareness and education

•	 Innovation in design

•	 Regional priorities

Much attention has been paid to LEED because it has the biggest market share, but other green 
building rating systems exist. Other green building certification systems include: 

•	 Green Globes is administered by the Green Building Initiative (GBI). The Green Globes certification 
has been approved as the American National Standards Institute (ANSI) standard for commercial 
buildings (ANSI/GBI 01-2010: Green Building Assessment Protocol for Commercial Buildings).

•	 The National Green Building Standard (NGBS), developed by the National Association of Home 
Builders, is a green certification program for residential homes (single and multi-family homes, 
residential remodeling projects, and site development projects) and has been approved by ANSI.

RISK ENGINEERING

LET THE HARTFORD HELP YOU PREVENT GREEN 
CONSTRUCTION HAZARDS – WITH THESE TIPS.

http://www.epa.gov
http://www.usgbc.org/
http://www.usgbc.org/DisplayPage.aspx?CMSPageID=1988
http://www.thegbi.org/green-globes/
http://www.thegbi.org/
http://www.nahbgreen.org/NGBS/default.aspx
http://www.nahb.org/
http://www.nahb.org/
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•	 Environments For Living, developed by Masco 
Home Services, is a performance-based, rather 
than point-based, system for certifying homes and 
can be paired with other rating systems like LEED. 

•	 The American Society of Heating, Refrigerating 
and Air-Conditioning Engineers (ASHRAE) 
developed ASHRAE Standard 189.1 Standard for 
the Design of High-Performance Green Buildings.

The United Nations Environment Program (UNEP) 
defines “green jobs” as those that contribute 
substantially to preserving or restoring environmental 
quality. These include jobs that help to protect 
ecosystems and biodiversity, reduce energy, materials, 
and water consumption, de-carbonize the economy, 
and minimize all forms of waste and pollution. The U.S. 
Bureau of Labor Statistics defines “green jobs” as jobs 
involved in producing green products and services 
that increase the use of energy from renewable 
sources, increase energy efficiency, or protect, restore, 
or mitigate damage to the environment. OSHA and 
NIOSH simply define “green jobs” as jobs that help to 
improve the environment.

GREEN JOBS AND SAFETY

The central theme of all green building projects is the 
preservation of the environment and the sustainability 
of our valuable resources. The word “green” included 
in a project or job description gives the feeling of 
environmentally friendly and safe. However, green 
jobs do not necessarily mean that they are safe jobs. 
How could a building that is designed to preserve 
the environment be unsafe for the workers that are 
building it or for the employees that must maintain 
it? The reality is that environmentally friendly and 
safe can be mutually exclusive. The current LEED 
Rating System has only one section which remotely 
relates to construction worker safety and health; the 
Indoor Environment Quality Credit allocates credits 
for having an IAQ Management Plan and for using 
low-emitting building materials such as adhesives, 
sealants, paints, and coatings. The Green Globes system 
does not directly address construction safety but does 
contain clean air provisions that include minimizing 
construction dust and diesel exhaust fumes.

The following examples are a clear reminder that 
working on a green building project does not 
guarantee that the employees’ safety and health are 

adequately protected. According to the Center for 
Construction Research and Training (CPWR), a 
study of 86 construction projects found little or no 
difference between LEED and non-LEED projects in 
terms of construction safety and health.

Las Vegas City Center: MGM Mirage’s City Center 
Las Vegas, which is an 18 million square foot 
metropolis (hotels, condos, retail, entertainment), 
is one of the world’s largest green communities. 
City Center has earned LEED Gold certification 
for its ARIA, Vdara, Crystals, Mandarin Oriental, 
Las Vegas, and Veer Tower centers, marking the 
highest LEED achievement by any hotel, retail 
district, or residential development in Las Vegas. 
The environmental sustainability achievements 
with City Center include on-site energy generation, 
water conservation technology which reduces 
30 – 60% of use, the recycling of over 260,000 tons 
of construction waste, and the world’s first fleet of 
stretch limos powered by clean-burning compressed 
natural gas (CNG).

With this world class planning and design for 
environmental sustainability, one would expect 
similar efforts toward the workers’ safety and 
health who are building the metropolis. However, 
the reality was the complete opposite. During a 
15-month period of City Center’s construction, six 
construction workers were killed while working at 
this construction site. The following tragic events 
occurred while building one of the world’s most 
successful environmental sustainability projects:

•	 On February 6, 2007, a 3,000 lb. steel wall used as 
a concrete mold fell from a crane, hitting another 
wall which struck four workers, killing two.

•	 On August 10, 2007, a worker died when the 
counterweight for a construction elevator struck 
him as he oiled the machine.

•	 On October 5, 2007, a worker fell approximately 
50 feet to his death while working on the main 
resort tower.

•	 On April 26, 2008, a worker fell approximately 
20 feet to his death in the south tower of the Aria 
Hotel & Casino.

•	 On May 31, 2008, a worker was crushed and killed 
when caught between the counterweight system 
and the track of a crane.

http://www.environmentsforliving.com/EFLPublicSite/index.jsp
http://www.masco.com/
http://www.masco.com/
http://www.ashrae.org/
http://www.ashrae.org/
http://www.unep.org/
http://www.bls.gov/
http://www.bls.gov/
http://www.osha.gov/index.html
http://www.cdc.gov/niosh/
http://www.cpwr.com/rp-researchreports.html
http://www.cpwr.com/rp-researchreports.html
http://www.citycenter.com/
http://www.citycenter.com/
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1-bromopropane: The LEED Rating System 
awards credits for substituting ozone-depleting 
compounds, such as chlorofluorocarbons, with more 
environmentally friendly products. One common 
substitute used is 1-bromopropane, which is an 
effective degreasing agent and is also included 
in many environmentally friendly construction 
products. Although 1-bromopropane significantly 
reduces ozone depletion when compared to 
conventional volatile organic compounds (VOC’s), 
the toxic nature to workers is not fully understood. 
The National Toxicology Program has concluded 
that exposure to 1-bromopropane is toxic to the 
developmental and reproductive health of animals. 
NIOSH is evaluating exposures and potential 
health effects among workers potentially exposed 
to 1-bromopropane. This is another example of 
a proactive environmental strategy resulting in 
potentially harmful exposures to the workers using 
these substitute products.

GREEN JOB HAZARDS

The U.S. construction industry employs about five 
percent of the work force but accounts for 25% of 
fatalities, making it one of the most hazardous 
occupations in the U.S. Between 2001 and 2008, 
an average of 1,170 construction workers died per 
year from safety hazards. NIOSH estimates that 
health-related fatalities are 10 times as much. 
While studies have not shown that green building 
increases occupational injuries and fatalities, neither 
have they demonstrated decreases. In general, 
environmentally friendly LEED buildings have 
more complex design elements that can be more 
hazardous to construct than traditional designs.

Employees working on green buildings face hazards 
that are commonly found in conventional (non-
green) construction; these hazards include falls, 
electrical, strains, confined spaces, and mobile 
equipment. However, these construction related 
hazards may be new to many workers entering 
into the fast-growing green building industry. For 
example, the installation and maintenance of “living 
roofs” (commonly referred to as “green roofs”) 
has created a potential fall hazard for landscapers 
who are not accustomed to working on elevated 
structures such as roofs. Workers will commonly 
find themselves moving in and out of green jobs 

as they progress from job to job which may create 
additional hazards. A roofer may install a traditional 
roof one week and a green roof the next, thus must 
understand the hazards that each type presents.

Green building may increase the frequency of tradi-
tional construction hazards (i.e. falls, electrocutions) 
as well as introduce new workplace hazards associated 
with new green technologies, practices, and products. 
The following are examples of occupational hazards 
in the green construction industry.

Atriums: A common feature with many LEED 
buildings is grand atriums which bring natural 
light into a building and provides additional 
green benefits to the occupants. These atriums 
are usually several stories high necessitating the 
use of extensive scaffolding and sophisticated 
fall protection systems during their construction. 
Atriums are built using large glass panels which 
are heavy and difficult to carry posing ergonomic 
risks to construction workers. Upon completion of 
a LEED building, workers assigned to clean and 
maintain atrium glass panels may be exposed to 
significant fall hazards.

Skylights: As an important component of a green 
building, skylights increase the amount of natural 
light into the building and help reduce energy use. 
However, they represent a significant fall hazard 
for workers installing them and other workers in 
the general vicinity. Skylights are not designed to 
withstand heavy loads and usually do not come 
from the manufacturer with any guarding features. 
Workers that are performing maintenance activities 
on rooftops are also at risk of falls.

Green roofs: Green roofs (living roofs) serve 
several environmental purposes, such as absorbing 
rainwater, providing insulation, creating a habitat 
for wildlife, and lowering urban air temperatures. 
But the construction, retrofitting, landscaping, and 
maintenance of living roofs expose more workers 
to fall hazards. Green roofs are commonly designed 
using lightweight self-sustaining plants, such as 
sedum or wild flowers, which require infrequent 
maintenance. However, most green roofs will require 
full access maintenance at least twice a year.

Solar Energy: Various worker health and safety 
hazards exist in the manufacture, installation, and 
maintenance of solar energy systems. The increase 
in the use of rooftop solar panels to capture energy 

http://ntp-server.niehs.nih.gov/
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from the sun is a significant fall hazard during 
both construction and maintenance. Electrical 
hazards associated with the installation, service, or 
maintenance of solar energy systems can be more 
prevalent when working on solar electric systems 
since the electrical power comes from both the 
utility and the solar electrical system, which makes 
isolating the power source more complex. Even low 
light conditions can create a voltage potential that 
can lead to a shock or arc flash.

Solar collector panels can be heavy and awkward 
to lift exposing workers to ergonomic hazards and 
can generate enough heat to create thermal burns 
when left in the sun without fluid. Solar panel 
manufacturing uses very hazardous chemicals 
including silicon dust, cadmium, and selenium 
dioxide. Under normal circumstances, any 
hazardous materials that are used to create solar 
panels are safely encased in the panels. However, in 
the future, as solar panels are upgraded and aging 
buildings with solar panels are demolished, workers 
performing demolition work could potentially be 
exposed to these hazardous materials.

Wind Power: Workers in the wind energy field 
are exposed to hazards, such as falls, severe burns, 
electrical shocks, arc flashes and crushing injuries, 
that can result in fatalities and serious injuries. 
Windmills can be several hundred feet tall requiring 
complex crane set-up, rigging, and fall protection 
systems. During installation workers may need to 
access individual turbine sections to weld or fit 
sections together, run electrical lines, and/or test 
equipment. Maintenance personnel must climb very 
tall fixed ladders to reach the turbine hub (nacelle). 
Although installing wind turbines potentially 
exposes workers to electrical current, the risk is 
greater for maintenance and service technicians 
who often must work on energized equipment. 
Workers need to pay close attention to overhead 
power lines during the transport, set-up, and 
installation of windmills.

Recycling: The LEED rating system awards credits 
if a project implements a waste management 
plan and incorporates recycled materials into 
the construction process. Recycling increases 
the amount of congestion at a construction site 
since multiple dumpsters are needed to segregate 
various types of construction debris. This increased 

congestion may lead to more frequent “struck-by” 
and mobile equipment accidents, especially at 
crowded or congested work sites.

Coal ash is often added to concrete in order to 
conserve the use of cement and water and thus 
qualifies as a reuse material LEED credit. When 
coal ash is used in poured foundations, concrete 
blocks, or bricks, the material is stronger and uses 
less water than Portland cement. However, coal ash 
also contains varying amounts of silica, arsenic, and 
chromium that may cause adverse health effects to 
workers. Workers who mix, cut, or grind concrete 
materials containing coal ash may be exposed to 
these respiratory contaminants.

PLAN FOR PREVENTION

The most effective way to prevent occupational 
injuries and illnesses with green jobs, which 
includes construction workers building or 
renovating a green building and building personnel 
maintaining/servicing a green building, is to 
“design out” hazards during the planning phase 
of a project. Comprehensive planning during 
the design phase can help eliminate hazards to 
construction workers, maintenance personnel, 
building occupants, and the general public. All too 
often a green building receives extensive planning 
and design for environmental sustainability, but 
with little planning or effort given to minimizing 
potential safety and health hazards to construction 
workers and maintenance crews. As an example, 
many LEED buildings have sophisticated green 
roofs in their design, yet they lack the proper access 
and storage facilities needed to maintain the roof. 
Needing a crane or forklift to hoist landscape 
equipment onto a green roof is the result of very 
poor planning.

As part of the Prevention through Design (PtD) 
initiative, NIOSH is developing a framework to 
create awareness, provide guidance, and address 
occupational safety and health issues associated 
with green jobs and sustainability efforts. PtD 
alone will not prevent all construction injuries and 
illnesses but will go a long way toward creating 
the conditions for a safe workplace. While the PtD 
concept is not new, the emergence of green building 
and the current focus on green design provides an 
opportunity to also look at safe design.

http://www.cdc.gov/niosh/topics/ptd/
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There are numerous examples of design elements 
that eliminate or greatly reduce the risk of construc-
tion hazards. For example, the following is a selection 
of design recommendations for addressing specific 
types of fall hazards:

•	 Place mechanical equipment, such as air 
conditioning units, at ground level instead  
of on rooftops whenever possible.

•	 Provide safe access to green roofs and other  
areas which will require future maintenance or 
service to avoid the use of ladders or lifts.

•	 Specify parapet walls on roofs to be 39" to  
42" high to serve as a guardrail.

•	 Design permanent roof anchors along the roof 
perimeter that workers can tie off to during 
construction and maintenance activities. 
According to OSHA, anchorages for personal 
fall-arrest systems must be able to support at least 
5,000 pounds per attached worker or be designed 
by an engineer with a safety factor of at least two.

•	 Specify skylights that can withstand a load of 
200 pounds or more or design skylights with 
permanent cages or guardrails.

•	 Install vertical lifeline systems to fixed ladders 
to provide tie-off points for employees having to 
climb the ladders.

•	 Provide anchors on and around windmill turbine 
hubs (nacelles) that service and maintenance 
personnel can tie off to.

•	 Specify that pre-fabricated stairways are 
delivered to the construction site with  
permanent guardrails attached.

•	 Place light fixtures in areas that are more 
accessible for both construction and 
maintenance workers.

There are numerous challenges that make it difficult 
for architects and engineers to proactively design 
out safety hazards. The lack of construction safety 
knowledge can be a significant problem; architects 
and engineers are trained on protecting the safety 
of occupants and complying with building codes 
but are often not trained on protecting the safety 
of construction workers. In addition, architects 
are very concerned with the overall aesthetics of 
a building and thus are often reluctant to design 
safety controls such as guardrails, parapet walls, 

and lifeline systems. Liability and responsibility 
of the construction process is another significant 
challenge. Under most arrangements, the owner 
contracts with the architect to design the plans for 
the building, contractors bid on the project based on 
the design, and then the contractor who is awarded 
the bid builds the project. For most construction 
operations, the general contractor controls the 
“means and methods” of construction, which is 
often interpreted to mean that worker safety falls 
within the responsibility of the contractor and 
the contractor only. Architects are not covered by 
workers’ compensation insurance with respect 
to construction workers and do not want to be 
perceived as having control over the workplace. 
Designers are perceived as being one step removed 
from worker safety and therefore not responsible for 
worker safety.

Cost considerations represent another challenge for 
architects and engineers that want to proactively 
design out safety hazards. The upfront costs of 
designing for safety, which include increased 
construction and maintenance costs, can be a 
significant concern. It may be difficult to persuade 
banks to provide loans that can cover these 
additional costs. However, decreased workers’ 
compensation costs, increased productivity, and 
other economic benefits may offset some of these 
costs. Advocates for Prevention through Design 
(PtD) have long tried to make the business case 
for worker safety, though more case studies are 
needed. Building developers, architects, and 
engineers should consult with safety professionals 
in the design stage of a project to help quantify the 
economic value of safety and health interventions. 
Building owners should face these challenges of 
designing for safety with the same energy and  
vigor they make with environmental challenges. 
The goal of any green building should be to design 
for worker sustainability on an equal basis with 
environmental sustainability.

EDUCATION AND RESEARCH

Along with the construction training on the skills 
workers need to complete job tasks, safety and 
health should be considered an essential component 
for all green job training. Green construction has 
greatly increased the demand for construction 
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safety and health training. The vast amount of new 
employees entering into the fast-growing green 
building industry, as well as traditional trades 
having increased exposures with green buildings 
(i.e. landscapers working on green roofs), have 
required more extensive construction related 
training on topics such as fall protection, electrical 
safety, ergonomics, and personal protective 
equipment (PPE). Orientation training should 
educate workers about the hierarchy of workplace 
controls and the importance of engineering control 
measures. In addition, reinforcement training, such 
as “toolbox talks” should be provided on a regular 
basis. Green job training should go beyond the 
traditional construction training programs, such 
as OSHA 10 or 30 hour construction courses, since 
they require specific training on alternative energy 
systems and green technologies. Training will play 
an important role in helping workers develop the 
new skills needed to transition to green jobs.

Green job training should not be limited to 
construction workers that build green buildings 
or maintenance/service personnel that maintain 
these buildings. Designers, architects, engineers, 
and developers should be provided with safety 
and health training as part of their professional 
curricula, accreditation, or professional certification. 
By recognizing the safety/health hazards which 
are associated with green buildings, and by 
understanding the importance of engineering 
controls, they can more effectively design out 
potential occupational hazards to construction 
workers and maintenance personnel. Preventing 
hazards in the design stage reduces workers’ 
dependence on personal protective equipment and 
creates a more proactive safety culture.

Significant research has been completed on 
green technologies and products which are 
designed to be more energy and resource efficient, 
reduce carbon emissions, and otherwise lessen 
the environmental impact during construction, 
maintenance, and occupancy. However, additional 
research is needed on the potential health hazards 
to workers associated with new green technologies, 
products, and design alternatives. Designing out 
hazards at the molecular level, through a process 
called “green chemistry” will prevent the hazard 
shifting to workers of adverse green products and 
technologies. An example of an environmentally 
friendly substitute product “shifting” the hazard to 
workers was described above with 1-bromopropane. 
The EPA’s Green Chemistry program promotes 
the design of chemical products and processes 
that reduce or eliminate the use or generation of 
hazardous substances.

WORKER SUSTAINABILITY

The USGBC was created to promote environmental 
sustainability in the design and construction of 
buildings that are environmentally responsible, 
profitable, and healthy places to live and work. 
Controlling safety and health hazards with green 
projects can be advanced by introducing the 
concept of “sustainability” in construction worker 
safety and health. NIOSH has recommended that 
worker safety and health criteria be incorporated 
into the current green building ratings developed 
by LEED and other green building certification 
programs. Critics of this approach sometimes argue 
that existing occupational safety and health laws 
and regulations are already in place and thus there 
is no need for a green rating system to incorporate 
worker safety and health. In addition, certifying 
buildings as both environmentally sound and safe 
for construction workers would create additional 
layers of “review.” Instead of assigning construction 
safety just to the contractor, rather, the owner, 
designer, and even an independent third party 
(certified rater) would need to review and sign off on 
different aspects of construction safety.

Another approach to incorporate worker safety and 
health into green building certification programs 
would be to develop a new safety and health rating 
system that complements LEED and other green 

http://www.epa.gov/gcc/
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building systems. Sustainable Construction 
Safety and Health (SCSH) is one such system that 
evaluates construction worker safety and health 
using a 100 point rating system. One of the key 
components of the SCSH Rating System is that 
construction safety must be the responsibility not 
just of the contractor but of all parties including 
the owner, designer, contractor, and subcontractors. 
One of the challenges of the SCSH Rating System 
is that great resources are needed to support 
the infrastructure required to administer it. The 
certification program would likely need to be 
administered by a nonprofit agency similar to the 
U.S. Green Building Council. A team of certified 
raters, as well as a certification program to go with 
it, would also be needed to evaluate projects.

Currently, occupational safety and health efforts 
with green projects are significantly trailing the 
efforts made for environmental considerations. 
Changing the perception of what is “green” is the 
first step in protecting workers on green projects. 
Green buildings designed to prevent injuries and 
fatalities during construction and maintenance 
should be given equal attention, priority, and 
resources as the environmental sustainability 
factors included in the green building rating 
systems. A building should only be considered 
sustainable if the safety and health of workers and 
occupants, as well as the health of the environment, 
are protected.

CONTRACT SPECIFICATIONS

Most bid specifications from owners, construction 
managers (CM’s), and/or general contractors (GC’s) 
require contractors to follow all applicable federal 
and state occupational safety and health regulations. 
Many bid specifications also require individual 
subcontractors to submit their site-specific safety 
and health plan for review and approval. However, 
rarely do bid specifications require that a safety and 
health analysis be conducted during the planning 
stage in order to design out potential safety and 
health hazards. The most effective means to ensure 
that proactive worker sustainability measures are 
incorporated into a green project is to include them 
in the building contracts. Contracts should specify 
the roles and responsibilities that each party (i.e. 
designers, architects, consulting engineers, CM, 
GC, subcontractors) will have in designing out 
potential safety and health hazards. Refrain from 
using generic contract language which leaves the 
interpretation to the bidding contractors. Generally, 
the more specific the contract language, the greater 
chance of achieving a successful project.

Contractual agreements with designers, architects, 
and engineers should include a safety/health 
component to ensure that permanent controls are 
designed into the project. In addition, owners should 
consult with safety/health professionals before 
finalizing any project designs. A prototypical “green 
safe” building would incorporate fall prevention 
measures throughout the entire building process so 
that workers would not have to rely on protective 
equipment such as personal fall arrest systems 
(PFAS). Contractual agreements should mandate 
engineering controls over the use of personal 
protective equipment (PPE) and place shared 
responsibility on the design team for controlling 
worker safety and health hazards. Contracts should 
also require that green technologies, products, and 
design alternatives be evaluated for potential health 
hazards to workers during the planning stage.

http://sustainablesafetyandhealth.org/
http://sustainablesafetyandhealth.org/
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