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Executive Summary

	 This pollution is hurting the state’s economy 
as well. Construction equipment is critical to the 
building industry (a sector of the economy worth 
$60 billion per year)1 and instrumental in main-
taining and building our roads and highways (on 
which California spent eight billion dollars last 
year). But the pollution from this equipment 
results in more than nine billion dollars in annual 
public health costs, including hundreds of thou-
sands of lost work days and school absences. 
	 Construction equipment is used extensively 
throughout the entire state. More than 270,000 
acres of land in California were under construc-
tion permit during 2005—an area the size of  
Los Angeles.2 In addition, more than 10,000 
miles of state roadway were under contract for 
construction, repairs, or maintenance.3 
	 The impact of construction pollution on 
public health is greatest where equipment and 
people mix, and 90 percent of the health and 
economic damage occurs in California’s five most 
populous air basins. The South Coast air basin 
(which encompasses most of Los Angeles, Orange, 
Riverside, and San Bernardino counties) ranks 
first with more than 700 premature deaths and 
more than 650 hospitalizations for respiratory 
and cardiovascular illness annually. The San 
Francisco Bay Area and San Diego follow, with 
more than 150 and 89 premature deaths, respec-
tively, every year. The San Joaquin Valley and 
Sacramento Valley (the two largest air basins in 

Pollution from diesel construction equipment 
is taking a toll on the health and economic 

well-being of California residents. This equipment 
contributes to particulate and ozone pollution 
that can cause severe cardiovascular and respira-
tory illnesses, asthma attacks, acute bronchitis, 
and even premature death. 
	 This study analyzes air pollution caused by 
construction equipment and—for the first time—
quantifies its effect on California’s public health 
and economy, both across the state and in the five 
most-affected regions. In addition, we evaluate 
the risk of exposure to construction activity in 
specific cities in each of these five regions. Lagging 
emission standards and very old equipment have 
made construction equipment one of the largest 
sources of toxic diesel particulate matter pollution 
in the state, necessitating an accelerated cleanup 
program to protect the health of all Californians.
	 Using established U.S. Environmental Protec-
tion Agency (EPA) and California Air Resources 
Board (CARB) methods to quantify the impact of 
air pollution, the Union of Concerned Scientists 
(UCS) estimates that construction equipment 
emissions statewide are responsible for: 
•	 more than 1,100 premature deaths per year 
•	 more than 1,000 hospital admissions for 

cardiovascular and respiratory illness 
•	 2,500 cases of acute bronchitis 
•	 tens of thousands of asthma attacks and  

other lower respiratory symptoms 

1	 As reported to the California Department of Finance by the California Construction Industry Research Board.  
Available at http://www.dof.ca.gov/HTML/FS_DATA/LatestEconData/FS_Construction.htm. 

2	  Total acres based on State Water Resources Control Board data (SWRCB 2005). The city of Los Angeles covers 300,160 acres.

3	  Mileage based on ongoing contract data available from the California Department of Transportation (CALTRANS 2005).
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California’s Central Valley) round out the top  
five with 49 and 39 annual premature deaths, 
respectively. 
	 Construction activity varies from city to  
city and, therefore, so does potential exposure to 
harmful diesel exhaust. Areas with high population 
density and construction activity are an obvious 
concern because construction equipment emis-
sions are more likely to be occurring in close 
proximity to people. Nevertheless, the most 
densely populated cities are not the only areas 
with high potential for construction risk; evalu-
ation of active construction projects finds areas 
outside major population centers also face risks 
since large-scale construction projects accom- 
pany regional population growth. 

Total Incidences

Health Endpoint Statewide South Coast
San Francisco 

Bay Area San Diego
San Joaquin 

Valley
Sacramento 

Valley

Premature Deaths 1,132 731 154 89 49 39

Respiratory Hospitalizations 669 383 56 50 55 30

Cardiovascular Hospitalizations 417 274 61 33 14 12

Asthma and Other Lower 
Respiratory Symptoms

30,118 20,941 3,406 2,127 1,284 790

Acute Bronchitis 2,494 1,729 284 177 107 66

Lost Work Days 182,940 123,439 25,713 14,014 6,241 4,617

Minor Restricted Activity Days 1,544,952 959,839 168,459 113,280 99,585 50,408

School Absences 331,040 175,339 18,472 24,689 33,282 17,492

	 While incentive programs have begun to  
clean up some of this equipment, only statewide 
regulations can achieve the reductions in con-
struction equipment pollution needed to truly 
protect public health. Cost-effective technology 
solutions that would help meet this regulatory 
goal already exist, and more will become available 
over the next few years. CARB should adopt a 
regulatory regime that will clean up existing 
construction equipment by retiring the oldest, 
most-polluting equipment and using retrofit 
technology where appropriate. 
 

Table 1  Health Damage from Construction Pollution (by Air Basin)

NOTE: Values represent the mean annual incidence estimate for 2005.



Digging Up Trouble  l �

Diesel Pollution from Construction Equipment

Chapter 1

Highway truck and bus engine manufacturers 
have had to meet increasingly stringent 

emission regulations since the late 1980s. Con-
struction and other off-road equipment, however, 
did not face new particulate matter (PM) emis-
sion standards until 1996, with some engines 
unregulated as late as 2003.4 In 2004, the U.S. 
Environmental Protection Agency (EPA) finally 
forced construction equipment to meet similar 
standards to highway trucks and buses, requiring 
90 percent reductions in nitrogen oxides (NOx) 
and PM for most engine sizes. These standards 
will phase in over a seven-year period starting  
in 2008, reaching full implementation in 2014 
(EPA 2004). 
	 Although these standards will significantly 
reduce pollutants from new engines, the full 
benefits will not be realized until sometime after 
2030, when the long-lasting equipment currently 
in use today is finally retired. There are technolo-
gy options available to clean up these existing 
machines, but neither the EPA nor the state of 
California currently requires them. As a result, if 
no additional requirements are put in place, the 
construction sector will continue emitting high 
levels of toxic and smog-forming pollution for  
the next two to three decades. 

The Worst Offenders
The Union of Concerned Scientists (UCS) took a 
closer look at pollution from California’s con-
struction equipment to find out which types of 

equipment emit the most toxic diesel PM (or 
“soot”) and smog-forming NOx. Most people 
think of trucks and buses when they think of 
diesel pollution, but as it turns out, the equip-
ment repairing the road near your home or 
operating at a construction site near your office 
may be many times more polluting. Diesel 
construction equipment ranges from backhoes 
and bulldozers to paving equipment and cranes; 
we have identified the worst offenders.
	 Out of 18 categories of construction equip-
ment identified in the 2005 California Air Re-
sources Board (CARB) emission inventory, the 
five highest-polluting categories are responsible 
for 65 percent of PM and 60 percent of NOx 
emissions. In descending order, they are excava-
tors, tractors/loaders/backhoes, crawler tractors 
(commonly called bulldozers), rubber-tired 
loaders, and skid-steer loaders (CARB 2006c). 
	 We compared PM and NOx emissions from 
these types of equipment with the number of 
miles a new heavy-duty tractor-trailer truck (or 
“big rig”) would have to travel to emit the same 
amount of pollution. The emissions of a model 
year 2007 big rig were estimated based on a truck 
traveling 55 miles per hour and operating on re-
cently available ultra-low-sulfur diesel fuel. Hourly 
construction equipment emissions were calculated 
from equipment population estimates and 
CARB’s 2005 emission inventory.

4	  Tier 1 EPA nonroad engine standards did not include PM limits for engines of 50 to 175 horsepower.
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Percent of Total PM 
from Construction 

Equipment 

Percent of Total NOx 
from Construction 

Equipment
Useful Life  
(in years)

Excavators 17% 18% 17

Tractors/Loaders/Backhoes 16% 12% 18

Crawler Tractors 
(Tracked Bulldozers)

13% 13% 29

Rubber-Tired Loaders 12% 12% 21

Skid-Steer Loaders 7% 4% 13

Off-Highway Trucks 5% 9% 17

Rough-Terrain Forklifts 5% 3% 16

Graders 5% 5% 23

Off-Highway Tractors 4% 5% 31

Rollers 3% 3% 20

Trenchers 3% 2% 28

Scrapers 3% 4% 26

Cranes 3% 4% 19

Rubber-Tired Dozers 2% 2% 32

Pavers 2% 1% 26

Bore/Drill Rigs 1% 1% 10

Other Construction Equipment 0.4% 1% 16

Paving Equipment 0.3% 0.2% 24

Surfacing Equipment 0.04% 0.1% 22

Table 2  Emissions by Type of Construction Equipment

NOTE: Useful life is defined as the age at which half of the equipment of a given model year has been retired. 
SOURCE: Based on 2005 CARB construction emission inventory (updated as of September 2006).

Excavators

Tractors/Loaders/Backhoes

Crawler Tractors

Rubber-Tired Loaders

Skid-Steer Loaders
PM        NOx

Miles of “big rig” highway driving equivalent to one hour of equipment operation 

0 250 500 750 1250 15001000

Figure 1  Construction Equipment Emissions  
Compared with a New "Big Rig"
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Excavators
There are an estimated 19,000 excavators in 
California, ranging in size from about 50 to 750 
horsepower. The annual PM pollution from ex-
cavators accounts for 17 percent of all PM from 
construction equipment. On average, an excava-
tor operating for one hour emits as much PM as 	
a new big rig traveling 1,100 miles, while NOx 
emissions are equivalent to driving a big rig about 
200 miles. The useful life of this equipment is 		
17 years.5

5	  Useful life is defined as the age at which half of the equipment of a certain model year has been retired. The useful life, equipment populations, emissions, and 
other equipment specifics described in this section are based on CARB’s updated off-road emission inventory model as of September 2006 (CARB 2006c).

Tractors/loaders/backhoes
These versatile pieces of equipment are com-
monly used on construction sites and road repair 
projects. More than 30,000 backhoes are operated 
in California every year, emitting 16 percent of 	
all PM from construction equipment. The PM 
produced by the average backhoe in one hour is 
equivalent to driving a big rig nearly 1,000 miles, 
while the NOx emissions are equivalent to driv-
ing more than 100 miles. The useful life of this 
equipment is 18 years.

Crawler tractors (bulldozers)
These tracked vehicles are used primarily 		
for earthmoving operations. More than 16,000 
bulldozers operate in California and emit 13 
percent of all PM from construction equipment. 
The average bulldozer operating for one hour 
emits the same amount of PM as a new big rig 
driving 1,400 miles. The NOx emissions from 	
an hour of operation are equivalent to driving 		
a big rig 200 miles. The useful life of a crawler 
tractor is an impressive 29 years. 
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6	  A new big rig’s engine can range anywhere from 300 to 600 horsepower.

Rubber-tired loaders
These heavy-duty vehicles, commonly used to 
load trucks, represent the fourth largest source  
of diesel emissions from construction equipment; 
the estimated 19,000 rubber-tired loaders in 
California account for 12 percent of all construc-
tion pollution. The average loader operating for 
one hour emits PM equivalent to driving a new 
big rig 1,100 miles and NOx emissions equivalent 
to driving 200 miles. The useful life of rubber-
tired loaders is 21 years.

Skid-steer loaders
More than 29,000 of these relatively small pieces 
of equipment operate in California on all types  
of construction projects, and account for seven 
percent of all PM from construction equipment. 
Even though the average skid-steer loader delivers 
less than 50 horsepower (a fraction of that provid-
ed by a big rig),6 its PM emissions from one hour 
of operation are equivalent to driving a new big 
rig 500 miles. The useful life of a skid-steer  
loader is 13 years. 
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Health and Economic Damage from  
Construction Equipment

Chapter 2

Emissions from construction equipment and 
other diesel vehicles are harmful to our health 

and well-being. The damage comes in the form  
of premature death, increased hospital admissions 
for respiratory and cardiovascular diseases, asthma 
attacks, and lost productivity through school 
absences and missed work days. Following estab-
lished statistical methods, UCS has quantified the 
cost of diesel emissions from construction equip-
ment in California.

The impact of several pollutants that comprise 
diesel exhaust must be taken into account: 

•	 Particulate matter (PM). Also known as soot, 
these small particles (25 times smaller than the 
width of a human hair) are released directly 
from the tailpipe or formed indirectly from 
emissions of NOx and sulfur oxides (SOx). 
PM can penetrate deeply into the lungs, caus-
ing or aggravating a variety of respiratory and 
cardiovascular illnesses and even leading in 
some cases to premature death (Pope 2002, 
Krewski 2000, Samet 2000). 

•	 Smog-forming pollutants. NOx and hydro-
carbons react in the presence of sunlight to 
form ozone (smog), which can damage the 
respiratory tract, reduce lung function, exacer-
bate asthma, aggravate chronic lung diseases, 
and also cause premature death (White 1994, 

Koren 1995, Thurston 2001, Bell 2005). As 
much as 10 to 20 percent of all summertime 
hospital visits and admissions for respiratory 
illness are associated with ozone, and more 
than 90 percent of Californians live in areas 
that do not comply with federal ozone stan-
dards (Thurston 1992, 1994).

•	 Air toxics. The state of California has  
classified diesel exhaust and more than  
40 compounds in diesel exhaust as toxic air 
contaminants.7 Exposure to these chemicals 
can cause cancer, damage to fetuses, and other 
serious health and reproductive problems. 
CARB has estimated that diesel exhaust is 
responsible for 70 percent of the state’s risk  
of cancer from airborne toxics (CARB 1998). 

Estimating Health Effects  
of Construction Pollution
This analysis uses methods established by CARB 
and the EPA to quantify health and economic 
damage from diesel pollution. In March 2006, CARB 
released a study detailing the regional health and 
economic damage caused by California’s goods 
movement system (CARB 2006a). A number 		
of adverse health effects, or endpoints, strongly 
linked to diesel pollution were quantified along 
with an estimate of the economic costs asso- 
ciated with these endpoints. 

7	  According to the California Health and Safety Code, a toxic air contaminant is “an air pollutant which may cause or contribute to an increase in mortality or 
in serious illness, or which may pose a present or potential hazard to human health.”
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As PM from diesel exhaust travels through the air  

and is inhaled, the largest particles settle in the nose, 

throat, and lungs. The finest particles are able to 

evade the body’s natural defenses (such as sneezing 

and coughing) and travel deep into the lungs. Once 

there, these particles can cause inflammation and 

scarring of air passageways and lung tissue, resulting 

in reduced oxygen flow to the rest of the body. Symp-

toms can range from coughing and shortness of 

breath to severe and fatal asthma attacks.

	 When inhaled, ozone—a key ingredient of 

smog—can also damage lungs by chemically burning 

delicate tissue and causing scarring. Recent evidence 

suggests that exposure to ozone can cause asthma 

in otherwise healthy children (McConnell 2002). On 

days with high ozone levels, health officials recom-

mend reducing outdoor activities to lower exposure 

to this dangerous pollutant.

How Diesel Exhaust  
Damages Lungs

	 Using emission data specific to diesel construc-
tion equipment in California, we used the same 
methodology to quantify the damage from con-
struction equipment pollution. Because our abil-
ity to quantify the public health impact of diesel 
pollution is limited, the health endpoints quan-
tified in this analysis do not represent all of the 
potential damage associated with diesel pollution 
and are therefore conservative estimates. 
	 Economic damage associated with con-
struction equipment pollution is estimated by 
assigning each health endpoint an economic 
value. Economic valuations for each health 
endpoint are based on the cost of treating an 
illness, lost productivity or wages, or the value 
society is willing to pay to lower the risk of  
certain outcomes. 
	 For further discussion of the methodology 
used to estimate the health and economic impact 
of construction pollution, please refer to the 
appendix.
	 Our analysis found that the economic and 
health damage caused by construction equipment 
pollution in California is staggering. More than 
1,000 premature deaths per year can be attributed 
to these emissions, along with more than 1,000 
hospitalizations for cardiovascular and respiratory 
illness, and more than 30,000 asthma attacks and 
other respiratory symptoms. Hundreds of thou-
sands of lost work days and school absences equate 
to more than $60 million in annual economic 
losses. In addition, Californians collectively 
experience millions of days each year when air 
pollution restricts their activities. Overall, con-
struction equipment pollution costs the state 
more than nine billion dollars every year.
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Health Endpoint Pollutants Total Incidences Costs (in thousands of 2005 dollars)

Premature Deaths
($7.9 million/incidence)

PM and ozone
1,132

(328–1930)
8,944,256

(2,588,161–15,249,672)

Respiratory Hospitalizations
($34,000/incidence)

PM and ozone
669

(398–933)
22,758

(13,530–31,735)

Cardiovascular Hospitalizations
($41,000/incidence)

PM only
417

(263–646)
17,082

(10,795–26,491)

Asthma and Other Lower  
Respiratory Symptoms
($19/incidence)

PM only

30,118
(11,686–48,110)

572
(222–914)

Acute Bronchitis
($422/incidence)

PM only
2,494

(-609–5,408)
1,053

(-257–2,282)

Lost Work Days
($180/incidence)

PM only
182,940

(155,031–210,810)
32,929

(27,906–37,946)

Minor Restricted Activity Days
($60/incidence)

PM and ozone
1,544,952

(988,809–2,150,641)
92,697

(59,329–129,038)

School Absences
($88/incidence)

Ozone only
331,040

(134,632–531,374)
29,131

(11,848–46,761)

Total Cost
9,140,480

(2,711,532–15,524,840)

DEFINITIONS:

Premature deaths: Premature deaths due to exposure to PM and ozone, including cardiopulmonary and lung cancer mortality. 

Respiratory hospitalizations: Hospital admissions for respiratory illnesses (such as emphysema or chronic bronchitis) as a result of exposure to both PM and ozone.

Cardiovascular hospitalizations: Hospital admissions for cardiovascular illnesses (such as heart attacks or hypertension) as a result of exposure to PM.

Lower respiratory symptoms: Asthma attacks and other symptoms such as wheezing, coughing, and shortness of breath.

Acute bronchitis: Symptoms can include coughing, chest discomfort, and slight fever and can last several days.

Lost work days: Days of work missed due to symptoms resulting from exposure to PM or to take care of an individual with such symptoms.

Minor restricted activity days: Days in which high ozone and PM levels require less strenuous activities but do not result in a lost work day or school absence. 

School absences: Days of school missed due to symptoms resulting from exposure to ozone.

NOTE: Mean estimates are shown in bold; ranges shown in parentheses represent the 95 percent confidence interval (i.e., there is a 95 percent chance that the actual  
value falls between the two values shown).

Table 3  Health and Economic Damage from Construction Pollution (Statewide)
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Construction Pollution Impact by Region

Chapter 3

The majority of the damage caused by con-
struction equipment pollution occurs in 

areas where large numbers of people are exposed. 
Five of California’s 15 air basins, home to more 
than 85 percent of the state’s population, suffer 
more than 90 percent of the total health and 
economic damage from construction pollution. 	
In each of these five air basins, which are the 
focus of this chapter, concerns exist in both 	
urban and suburban areas. 
	 Air basins are largely defined by physical 
features, such as mountain ranges, and meteoro-
logical conditions, such as air flow patterns, that 
restrict the movement of air pollution to another 
air basin. Air quality in a given air basin is influ-
enced by the emission sources within it, and to a 
lesser degree by pollution entering from another 
air basin. Transport of air pollution from neigh-
boring air basins is an ongoing area of research 
and, for the purposes of this analysis, construction 
equipment emissions are assumed to remain in 
the air basin in which they were generated.

Where People and Construction Mix
UCS also evaluated the likelihood of exposure  
to construction activity in specific cities within 
the five most-affected air basins. While construc-
tion equipment contributes to overall PM and 
ozone concentrations in each air basin, people 
who live or work near construction equipment 
may be at a higher risk of exposure to these dan-
gerous pollutants.8 Using 2000 census data and 

2005 construction permit data from the Cali-
fornia State Water Resources Control Board 
(SWRCB), we have identified those cities that 
have a higher risk of exposure to construction 
activity. The results show that areas where con-
struction activity and people mix are spread 
throughout each region, in both urban and 
suburban cities and towns.
	 The SWRCB requires permits for construction 
projects that disturb more than one acre of land 
through clearing, grading, or excavation. We  
used permits from the SWRCB database for our 
analysis because such land disturbance generally 
involves the use of diesel earthmoving construc-
tion equipment. By excluding local building per-
mits, we attempted to eliminate small projects 
such as single-family home construction and 
remodeling work that may not require the use 		
of diesel equipment. The permits selected for 	
this analysis were either active or issued between 
January 1, 2005, and December 31, 2005 
(SWRCB 2005). 
	 We then created maps using geographic 
information system (GIS) software to display 
“Construction Risk Zones” related to construc-
tion activity in each of the five studied air basins. 
Construction Risk Zones represent the risk of 
exposure to construction pollution in a given city, 
based on its mixture of construction activity and 
population density. To determine the relative risk 
potential for each city, we multiplied the total 
acreage under construction permit during 2005 

8	  Northeast States for Coordinated Air Use Management showed increased concentrations of diesel PM near construction sites (NESCAUM 2003). Other 
studies have shown an elevated risk of cancer near diesel pollution sources; these studies include a health risk assessment at a California rail yard (CARB 2005).



Digging Up Trouble  l 11

by population density from the 2000 census.  
A city’s risk potential is presented in relation to 
other cities within the air basin, ranging from  
a relatively high risk to a relatively low risk. 
	 The resulting Construction Risk Zones are 
based on the best information available, but it is 
important to note that this is not a measure of 
actual exposure to emissions and is only one 
measure of the likelihood that people and con-
struction equipment will be in proximity to one 
another. Actual exposure levels depend on the 
amount of emissions produced by specific equip-
ment, the types of equipment on a construction 
site and the length of time they operate, wind pat-
terns and atmospheric conditions, and proximity 

to the emission source. These details are not 
available from the SWRCB permit database. 
	 Also, because we have measured construction 
activity in terms of acreage, a multi-story project 
and a single-story project are treated equally. In 
addition, the construction permit data used to 
evaluate Construction Risk Zones does not 
include California Department of Transportation 
(Caltrans) highway projects—a major source of 
construction activity in the state.9 In spite of these 
limitations, our Construction Risk Zone evaluation 
captures a majority of the largest construction 
sites in the state.
	 Please see the appendix for further discussion 
of the SWRCB permit data.

9	  For perspective, Caltrans contracts were worth eight billion dollars in 2005 (CALTRANS 2005) while building and construction contracts were valued at 
$65 billion according to the California Department of Finance (CDF 2005). 
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South Coast 
Comprising most of Los Angeles, San Bernardino, 
Riverside, and Orange counties, this air basin 
experiences the greatest degree of health and 
economic damage in the state from construction 
equipment emissions. For 2005, this includes 
estimates of:
•	 more than 700 premature deaths
•	 650 hospitalizations for respiratory and 

cardiovascular disease 
•	 more than 1,700 cases of acute bronchitis 
•	 nearly 21,000 incidences of asthma attack and 

other lower respiratory symptoms 
•	 300,000 days of lost work and school absences 
•	 close to one million days of restricted activity 
	 This loss of life and productivity cost South 
Coast residents an estimated $5.9 billion.

	 Within the air basin, 127 cities and towns  
had active construction permits during 2005 
accounting for more than 70,000 acres of land 
under construction. Areas designated as high-risk 
are spread throughout the region, with cities in  
all four counties falling in the top 10 percent of 
Construction Risk Zones. San Bernardino and 
Riverside counties each have four such cities  
while Los Angeles has three and Orange two.  
The presence of less population-dense cities such 
as Murrieta and Temecula in this group reflects 
the fact that large developments of 50 acres or 
more are common in these cities. 

Health Endpoint
Mean Annual 
Incidences

Annual Costs  
(in thousands of 

2005 dollars)

Premature Deaths 731 5,776,261

Respiratory Hospitalizations 383 13,019

Cardiovascular Hospitalizations 274 11,248

Asthma and Other Lower 
Respiratory Symptoms

20,941 398

Acute Bronchitis 1,729 730

Lost Work Days 123,439 22,219

Minor Restricted Activity Days 959,839 57,590

School Absences 175,339 15,430

Total Annual Cost 5,896,894

Table 4  South Coast Construction  
Pollution Damage

City County

Long Beach Los Angeles

Los Angeles Los Angeles

Santa Clarita Los Angeles

Irvine Orange

San Clemente Orange

Corona Riverside

Murrieta Riverside

Riverside Riverside

Temecula Riverside

Chino San Bernardino

Fontana San Bernardino

Rancho Cucamonga San Bernardino

San Bernardino San Bernardino

Table 5  Top 10 Percent of South 
Coast Construction Risk Zones

NOTE: Cities are listed in alphabetical order by county.
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Health Endpoint
Mean Annual 
Incidences

Annual Costs  
(in thousands of  

2005 dollars)

Premature Deaths 154 1,215,948

Respiratory Hospitalizations 56 1,914

Cardiovascular  
Hospitalizations

61 2,482

Asthma and Other Lower 
Respiratory Symptoms

3,406 65

Acute Bronchitis 284 120

Lost Work Days 25,713 4,628

Minor Restricted Activity Days 168,459 10,108

School Absences 18,472 1,626

Total Annual Cost 1,236,890

City County

Livermore Alameda

Antioch Contra Costa

Brentwood Contra Costa

Pittsburg Contra Costa

San Ramon Contra Costa

San Francisco San Francisco

San Jose Santa Clara

Fairfield Solano

San Francisco Bay Area
This air basin comprises nine counties and is 
second only to the South Coast air basin in health 
and economic damage from construction equip-
ment emissions. For 2005, this includes esti-
mates of:
•	 more than 150 premature deaths
•	 100 hospitalizations for respiratory and 

cardiovascular disease 
•	 more than 280 cases of acute bronchitis 
•	 3,000 incidences of asthma attack and other 

lower respiratory symptoms 
•	 44,000 days of lost work and school absences 
•	 well over 100,000 days of restricted activity 
	 This loss of life and productivity cost Bay  
Area residents an estimated $1.2 billion.

	 Within the air basin, 80 cities and towns had 
active construction permits during 2005 account-
ing for more than 17,500 acres of land under con-
struction. As in the South Coast, areas designated 
as high-risk are spread throughout the region. San 
Francisco and San Jose, both densely populated 
cities, fall in the top 10 percent of Construction 
Risk Zones along with less population-dense  
cities in Contra Costa, Alameda, and Solano 
counties (where large amounts of acreage are 
under construction). 
	 It should be noted that the replacement of the 
Bay Bridge’s eastern span, a multi-year, multi-
billion-dollar project involving large amounts of 
construction equipment, is not captured in this 
evaluation.

Table 6  San Francisco Bay Area  
Construction Pollution Damage

Table 7  Top 10 Percent of San Francisco  
Bay Area Construction Risk Zones

NOTE: Cities are listed in alphabetical order by county.
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Figure 3  Construction Pollution Risk in the San Francisco Bay Area Air Basin
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Health Endpoint
Mean Annual 
Incidences

Annual Costs  
(in thousands of 

2005 dollars)

Premature Deaths 89 703,222

Respiratory Hospitalizations 50 1,703

Cardiovascular  
Hospitalizations

33 1,357

Asthma and Other Lower 
Respiratory Symptoms

2,127 40

Acute Bronchitis 177 75

Lost Work Days 14,014 2,523

Minor Restricted Activity Days 113,280 6,797

School Absences 24,689 2,173

Total Annual Cost 717,890

City County

Chula Vista San Diego

Oceanside San Diego

San Diego San Diego

San Diego
This air basin ranks third behind the South Coast 
and San Francisco Bay Area for damage from con-
struction equipment pollution. For 2005, this 
includes estimates of:
•	 nearly 90 premature deaths 
•	 more than 80 hospitalizations for respiratory 

and cardiovascular disease 
•	 more than 170 cases of acute bronchitis 
•	 more than 2,000 incidences of asthma attack 

and other lower respiratory symptoms 
•	 38,500 days of lost work and school absences 
•	 more than 100,000 days of restricted activity 
	 This loss of life and productivity cost San 
Diego residents an estimated $718 million.

	 Within the air basin, 25 cities and towns had 
active construction permits during 2005 account-
ing for more than 22,500 acres of land under con-
struction. San Diego is by far the most populated 
and largest city in the air basin falling in the top 
10 percent of Construction Risk Zones; others 
include Chula Vista and Oceanside, which both 
have a population density similar to San Diego 
and more than 1,000 acres under construction 
permit in 2005. 

Table 8  San Diego Construction  
Pollution Damage

Table 9  Top 10 Percent of San Diego 
Construction Risk Zones

NOTE: Cities are listed in alphabetical order by county.
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Health Endpoint
Mean Annual 
Incidences

Annual Costs (in 
thousands of 
2005 dollars)

Premature Deaths 49 388,547

Respiratory Hospitalizations 55 1,858

Cardiovascular  
Hospitalizations

14 592

Asthma and Other Lower 
Respiratory Symptoms

1,284 24

Acute Bronchitis 107 45

Lost Work Days 6,241 1,123

Minor Restricted Activity Days 99,585 5,975

School Absences 33,282 2,929

Total Annual Cost 401,094

San Joaquin Valley
This air basin, comprising the southern counties 
of California’s Central Valley, ranks fourth for 
health and economic damage from construction 
equipment pollution. For 2005, this includes 
estimates of:
•	 nearly 50 premature deaths
•	 70 hospitalizations for respiratory and 	

cardiovascular disease 
•	 more than 100 cases of acute bronchitis 
•	 more than 1,200 incidences of asthma attack 

and other lower respiratory symptoms 
•	 39,000 days of lost work and school absences 
•	 nearly 100,000 days of restricted activity 
	 This loss of life and productivity cost  
San Joaquin Valley residents an estimated  
$401 million.

	 Within the air basin, 66 cities and towns had 
active construction permits during 2005 account-
ing for more than 32,500 acres of land under 	
construction. The seven cities comprising the  
air basin’s top 10 percent of Construction Risk 
Zones are spread throughout the valley (in six 
different counties) and correspond to the most 
populated areas. 

Table 10  San Joaquin Valley Construction 
Pollution Damage

City County

Clovis Fresno

Fresno Fresno

Bakersfield Kern

Merced Merced

Stockton San Joaquin

Modesto Stanislaus

Visalia Tulare

Table 11  Top 10 Percent of San Joaquin 
Valley Construction Risk Zones

NOTE: Cities are listed in alphabetical order by county.
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Figure 5  Construction Pollution Risk in the San Joaquin Valley Air Basin
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Health Endpoint
Mean Annual 
Incidences

Annual Costs  
(in thousands of 

2005 dollars)

Premature Deaths 39 306,638

Respiratory Hospitalizations 30 1,003

Cardiovascular  
Hospitalizations

12 493

Asthma and Other Lower 
Respiratory Symptoms

790 15

Acute Bronchitis 66 28

Lost Work Days 4,617 831

Minor Restricted Activity Days 50,408 3,025

School Absences 17,492 1,539

Total Annual Cost 313,571

City County

Roseville Placer

Elk Grove Sacramento

Sacramento Sacramento

Yuba City Sutter

Woodland Yolo

Sacramento Valley
This air basin, comprising the northern coun- 
ties of California’s Central Valley, ranks fifth for 
health and economic damage from construction 
equipment pollution. For 2005, this includes 
estimates of:
•	 nearly 40 premature deaths 
•	 more than 40 hospitalizations for respiratory 

and cardiovascular disease 
•	 more than 65 cases of acute bronchitis 
•	 790 incidences of asthma attack and other 

lower respiratory symptoms 
•	 22,000 days of lost work and school absences 
•	 more than 50,000 days of restricted activity 
	 This loss of life and productivity cost Sacra-
mento Valley residents an estimated $314 million.

	 Within the air basin, 52 cities and towns had 
active construction permits during 2005 account-
ing for more than 29,000 acres of land under con-
struction. The cities falling in the top 10 percent 
of Construction Risk Zones include the city of 
Sacramento and its suburbs Elk Grove, Roseville, 
and Woodland, along with Yuba City in Sutter 
County.

Table 13  Top 10 Percent of Sacramento 
Valley Construction Risk Zones

Table 12  Sacramento Valley Construction 
Pollution Damage

NOTE: Cities are listed in alphabetical order by county.	



Digging Up Trouble  l 21

Figure 6  Construction Pollution Risk in the Sacramento Valley Air Basin
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conclusions
Construction equipment is operating in cities  
and towns throughout California, releasing 
harmful NOx and PM emissions into the air and 
raising the risk of exposure to these pollutants for 
residents who live and work near construction 
sites. The likelihood of people living or working 
close to construction sites is highest in densely 
populated urban areas, but the suburbs are not 

free of risk from construction equipment pollu-
tion. Many projects in these areas, including new 
commercial and residential developments, require 
extensive use of construction equipment for land 
clearing and grading operations. Road construc-
tion and maintenance projects occurring through-
out the state add additional risk. 
	 Construction equipment pollution is therefore 
a health concern for all Californians. 
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Because of its long working life, high replace-
ment cost, and lagging emission standards, 

diesel construction equipment will continue to 
pollute for decades. That means Californians will 
suffer from increased hospital admissions for res-
piratory and cardiovascular disease, asthma attacks, 
acute bronchitis, and even premature death—
unless the state takes action to dramatically 	
reduce construction equipment pollution.

What Can California Do?
Under the federal Clean Air Act, California has 
the unique authority to regulate construction 
equipment. The state should use this authority 	
to establish stringent new regulations that would 
complement its recent efforts to clean up pollu-
tion from other on-road and off-road sources of 
diesel pollution.10 An effective regulatory regime 
for diesel construction equipment would:
•	 reduce diesel PM 75 percent below 2000 levels 

by 2010 and 85 percent below 2000 levels by 
2020—which would reduce estimated annual 
premature deaths from construction equip-
ment pollution by 790 (70 percent) compared 
with 2005

•	 phase out or retire the oldest, most polluting 
equipment

•	 install the best available retrofit technology  
on newer equipment

Building a Cleaner Future

Chapter 4

•	 require the strongest emission controls near 
sensitive locations such as schools, nursing 
homes, hospitals, and day care centers

	 Incentive programs have also proven effective 
in cleaning up construction equipment (UCS 
2004). These programs should continue to fund 
equipment cleanup with the goal of achieving 
emission reductions above and beyond what 
regulations require. 
	 There are a number of cost-effective ways 		
to reduce emissions from construction and other 
off-road diesel equipment, allowing for flexibility 
in meeting reduction targets:11 

•	 Refuel. Switching to alternative diesel fuels 
can achieve modest reductions in pollutants. 
These fuels can also facilitate the use of ad-
vanced retrofit technologies, resulting in 	
even less pollution.

•	 Repower. The body or chassis of some  
equipment can last many decades, beyond  
the life of the original engine. Installing a  
new low-emission engine in an older chassis 
can allow the machine to run cleanly for  
many more years. California’s Carl Moyer 
incentive program is currently funding  
some repower projects for construction  
equipment.12

•	 Replace. Replacing old equipment with a  
new lower-emission model ahead of schedule 
can result in substantial pollution reductions.

10	 CARB has passed numerous regulations under its Diesel Risk Reduction Plan that set strict emission reduction targets for specific types of diesel vehicles and 
equipment (CARB 2005a, 2005b, 2005c, 2004b, 2003a, 2003b, 2003c, 2000).

11	 Previous UCS analysis found that diesel cleanup through California’s Carl Moyer incentive program achieves benefits valued at 10 times the cost of cleanup 
(UCS 2004).

12	 Repower projects funded by the Carl Moyer incentive program must meet stringent cost-effectiveness thresholds (CARB 2000a, 2004a). 
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•	 Retrofit. Existing engines that can be expected 
to run for many more years can be retrofitted 
with emission control technologies that reduce 
PM more than 90 percent.13

•	 Reduce idling. Idling equipment not only 
pollutes, but also wastes fuel. Limiting idle 
time, on the other hand, saves money by reduc-
ing fuel use and wear-and-tear on the engine. 

	 Efforts around the country and around the 
world are proving that the technology exists to 
lower construction equipment emissions. In 
Switzerland, for example, an aggressive regula- 
tion to curtail diesel PM emissions from con-
struction sites has resulted in thousands of retro-
fits (Mayer 2004, 2005). In 2003, New York  
City passed an ordinance requiring that diesel 
equipment on all city-funded construction sites 
use ultra-low-sulfur fuel and be retrofitted with 
the best available control technology (Bradley 
2006). Boston’s “Big Dig” incorporated more  
than 200 retrofit devices on construction equip-
ment, and Connecticut’s Harbor Crossing  
Corridor is following suit. 
	 In California, some air districts are funding 
repowers and retrofits through the Carl Moyer 
incentive program and, for large projects, requir-
ing the use of cleaner construction equipment.14 
These and other groundbreaking efforts (MECA 
2006) have proven the success of cleanup technol-
ogy for construction equipment, but statewide 
action is necessary to achieve the greatest reduc-
tions and maximum health benefits. 

What Can You Do?
By taking the following actions, individuals can 
help protect themselves from harmful diesel 
emissions and make sure that the appropriate 

decision makers know that Californians want diesel-
powered construction equipment cleaned up:
•	 File a visible smoke complaint with your air 

district (contact information can be found 		
at http://www.arb.ca.gov/capcoa/roster.htm) or 
CARB (call 800-952-5588 or email vruiz@
arb.ca.gov) when you see plumes of diesel 	
soot coming from construction equipment. 
Request that an inspector be sent to the site 
and investigate the emission source.

•	 Report illegal idling (commercial trucks that 
haul dirt or service construction sites cannot 
idle for more than five minutes) to CARB 
(visit http://www.arb.ca.gov/enf/complaints/
complaints.htm or call 800-END-SMOG) or 
your local air district (contact information can 
be found at http://www.arb.ca.gov/capcoa/roster.
htm). Citations for illegal idling can also be 
issued by local law enforcement.

•	 Tell your state legislative representatives 
(contact information can be found at http://
www.leginfo.ca.gov/yourleg.html) and CARB 
(arbboard@arb.ca.gov) that cleaner construc-
tion equipment is important to you.

•	 Close your windows while diesel-powered 
equipment is operating near your home 		
or office.

•	 Raise your concern about emissions from 
proposed construction in your neighborhood 
during the public review period, and demand 
that the project’s environmental impact review 
assesses these emissions and includes a strategy 
for controlling them.

•	 Urge your city council to protect residents 
from construction pollution by enacting 		
a clean-construction ordinance—especially 
around sensitive sites such as schools and 		
day care centers. 

13	 CARB has verified retrofit technologies for use on off-road equipment. See http://www.arb.ca.gov/diesel/verdev/verifiedtechnologies/cvt.htm. 

14	 The Sacramento Metropolitan Air Quality Management District (http://www.airquality.org/ceqa/index.shtml) and San Luis Obispo County Air Pollution Control 
District (contact: Andrew Mutziger) require construction equipment pollution mitigation for some projects under the California Environmental Quality Act. 
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Estimating the Health Damage and Economic  
Costs of Construction Pollution

Appendix

Our polluted air has provided researchers a 
real-world laboratory for studying the im-

pact of air pollution on people’s health. Numer-
ous epidemiological studies tracking thousands of 
individuals have linked PM exposure to prema-
ture death as well as cardiovascular and respiratory 
illnesses. Similar studies have been carried out for 
exposure to ozone pollution. These studies provide 
the basis for estimating the health benefits of 
reducing air pollution and are used in this study 
to estimate the impact of construction pollution.
	 The health effects quantified in this report are 
based on peer-reviewed epidemiological studies 
used by both the EPA and CARB to evaluate the 
benefits of reducing air pollution. These studies 
establish a statistically significant relationship be-
tween exposure to PM and ozone and increased 
incidences of specific health endpoints, which 		
can then be quantified through a concentration-
response function. The uncertainty in these esti-
mates is quantified by presenting results as both 	
a mean estimate of the number of incidences and 
a range of estimates representing the 95 percent 
confidence interval.15 
	 Our analysis links health and economic dam-
age to construction equipment pollution by using 
California-specific air quality monitoring data, 
county baseline health incidence rates, population 
estimates, and a diesel construction equipment 
emission inventory. PM concentrations for 
specific air basins were measured by CARB when 
identifying diesel PM as a toxic air contaminant 
(CARB 1998). And CARB recently evaluated 

concentration-response functions for specific 
health endpoints using diesel PM concentration 
estimates along with population data, baseline 
health incidence rates, and an inventory of diesel 
emission sources related to the movement of 
goods (CARB 2006a). As part of these efforts, 	
air basin-specific factors were estimated (in tons 
of diesel pollution per incidence) for each health 
endpoint. UCS used these factors along with 
CARB’s air basin-specific inventory of diesel 	
PM, NOx, and reactive organic gases (ROG) 		
to estimate the health effects of PM and ozone 
from construction equipment (CARB 2006d).
	 Each health endpoint covered in this report is 
assigned a dollar value to estimate the economic 
impact of diesel pollution. The EPA uses economic 
valuations of health endpoints to perform cost-
benefit analyses of air pollution reduction measures, 
and our analysis reflects changes made to the 
EPA’s hospitalization endpoints and lost work 
days to better reflect California-specific wage 	
and health care data (CARB 2006a). 
	 Premature death is the most serious health 
endpoint related to diesel pollution and has the 
greatest economic impact. Estimates of premature 
death resulting from exposure to fine PM are based 
on long-term exposure for people 30 or older, and 
include all causes of death (Pope 2002). Individu-
als with existing respiratory and cardiovascular 
disease and the elderly are most vulnerable, and 
life expectancies are shortened by months or even 
years (Pope 2000). Economic valuation of prema-
ture death is based on a review of studies carried 

15	 For a list of the epidemiological studies used, see CARB 2006a and EPA 2004. 
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out by the EPA and on society’s “willingness-		
to-pay” to lower the risk of premature death 	
(EPA 1999).

Construction Permit Data 
The California State Water Resources Control 
Board (SWRCB) construction permit database 
was chosen as the primary source for representing 
construction activity in California. Residential and 
commercial building permit data were excluded 
from the study due to overlapping information 
with the SWRCB database and the inclusion of 
projects that may not involve the use of diesel 
construction equipment. 
	 SWRCB construction permits, which we used 
to calculate Construction Risk Zones, are required 
under the federal Clean Water Act for projects 
that disturb more than one acre of land. Accord-
ing to the SWRCB Fact Sheet for Water Quality 
Order 99-08-DWQ: 

Construction activity subject to this General 
Permit includes clearing, grading, disturbances to 
the ground such as stockpiling, or excavation that 
results in soil disturbances of at least one acre of 
total land area. Construction activity that results 
in soil disturbances of less than one acre is subject 
to this General Permit if the construction activity 
is part of 	a larger common plan of development 
that encompasses one or more acres of soil distur-
bance or if there is significant water quality 
impairment resulting from the activity. 

	 Construction projects that disturb more than 
one acre of land generally involve the use of diesel 
earthmoving construction equipment. These per-
mits, while not directly representing construction 
equipment activity, provide the best available in-
dication of where large earthmoving equipment 	
is being used. 

Limitations of permit data. There are, however, 
some limitations to estimating construction 
activity from SWRCB permits.
	 Projects under permit may go through many 
different phases of construction before comple-
tion, not all of which require the use of diesel-
powered construction equipment or sustained 
levels of construction equipment activity. There-
fore, there is no guarantee that construction 
equipment was operated on site during a specific 
period of time, but permitees must pay an annual 
fee to the SWRCB to keep permits active. This 
monetary requirement should minimize the num-
ber of permitees holding active permits but not 
performing construction activity.
 	 Additionally, there are some construction 
projects that will not appear in the SWRCB 
database. Projects in which storm runoff is cap-
tured in a combined sewer/storm water system do 
not require permits because the water treatment 
plant that receives the runoff is the permitted 
entity. Some projects in San Francisco and Sacra-
mento, where a combined sewer system exists, 
may be excluded from the database as a result, 	
but the majority of California cities do not 	
have combined sewer/storm water systems. 
	 Furthermore, some projects listed in the 
SWRCB database have incomplete location 
information. These details can include street 
address with or without number, street intersec-
tions with or without compass directions, pier 
number, and tract number. Mapping project 
location by city rather than zip code or street 
address allowed us to capture 90 percent of 		
the acres under permit. 
	 Because the size of a project is represented by 
the number of acres disturbed during construction, 
the amount of construction equipment activity 
may not have a linear relationship to the size 		
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of the project. In general, large-acreage projects 
will likely have greater construction equipment 
activity than small-acreage projects. However, 
urban construction sites that are relatively small 	
in area may have heavy construction equipment 
activity due to multi-story construction. For in-
stance, a two-acre high-rise construction site in 

downtown Los Angeles may have a much higher 
sustained level of construction equipment activity 
than a two-acre single-family home construction 
site in the suburbs. The available data did not 
allow us to distinguish between single-story and 
multi-story construction. 
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Diesel engines may conjure up images of big rigs or transit buses, but construction equipment is 

a leading source of diesel pollution in California. Air pollution caused by construction equipment 

can result in severe cardiovascular and respiratory illnesses, asthma attacks, acute bronchitis, 		

and even premature death.

This study quantifies the effect of construction pollution on California’s public health and 

economy, both across the state and in the five most-affected regions. The risk of exposure to 

construction activity is evaluated for cities in each of these regions.

Construction equipment will continue to be a significant source of pollution over the next two 

to three decades unless California acts now. By adopting the cost-effective technology solutions 

that already exist (and those that will become available over the next few years), the state can 

reduce this public health threat and help all Californians breathe easier. 
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