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Introduction 

In Digging Up Trouble: The Health Risks of Construction Pollution in California, the 
Union of Concerned Scientists (UCS) claims air pollution from construction vehicles is 
killing more than 1,100 Californians each year, sending similar numbers to the hospital, 
and sickening hundreds of thousands more.[1] UCS estimates the economic toll at more 
than $9 billion per year. Fortunately, these claims have little to do with reality. UCS 
exaggerates harm from air pollution by excluding contrary evidence and ignoring 
weaknesses in studies that support its predetermined conclusions. 

According to UCS, the harm from construction emissions results mainly from two air 
pollutants: particulate matter (PM) and ozone. PM can be directly emitted (e.g., diesel 
smoke) or formed in the atmosphere from gaseous emissions (e.g., nitrogen oxides (NOx) 
can be converted to particulate nitrate). The California Air Resources Board (CARB) 
estimates that construction equipment contributes 3 percent of statewide direct fine 
particulate matter (PM2.5) emissions and 28 percent of PM2.5 emissions from diesel 
vehicles specifically.[2] Ozone is not directly emitted, but is formed in the atmosphere 
through reactions of NOx and volatile organic compounds (VOC) in the presence of 
sunlight. CARB estimates that construction equipment contributed 11 percent of 
statewide NOx emissions and 5 percent of VOC in 2005.[3]

Construction equipment is thus a significant contributor to total air pollutant emissions. 
Nevertheless, the actual harm from these emissions is far lower than UCS claims: 

• Laboratory studies indicate that current, historically low levels of air pollution are 
at worst a minor factor in people’s health.[4] Health researchers have been unable 
to kill laboratory animals even with particulate matter at concentrations many 
times greater than the most polluted California air. Laboratory studies with human 
volunteers, including asthmatics, have not found harm from PM2.5 even at 
concentrations a few times greater than the highest real-world levels. This is true 
even for components of PM, such as diesel soot, that would be expected to have 
the highest toxicity. UCS does not mention or include any of this evidence in its 
report. 

• Instead, UCS bases its health claims on the results from a much weaker type of 
study design called an "observational" epidemiology study. Observational studies 
work with non-randomly selected subjects and non-randomly assigned pollution 
exposures and then use statistical techniques to try to remove the biases inherent 
in non-random data. Unfortunately, a range of evidence shows that observational 
studies are unreliable and tend to create an appearance of risk where no risk in 
fact exists. UCS does not mention the weaknesses in its chosen form of evidence. 
Furthermore, even with their inherent biases, many observational studies have not 
found any harm associated with air pollution, yet UCS omits this contrary 
evidence from its analysis as well. 

• UCS assumes that NOx emissions from construction equipment increase ozone, 
but in fact NOx emissions reduce ozone. A range of air pollution research has 
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shown that when the ratio of VOC to NOx in air is relatively low—a condition 
typical in California’s metropolitan areas—reducing NOx increases ozone, and 
vice versa. The key evidence is that total NOx levels decline substantially on 
weekends, mainly due to reductions in the use of diesel trucks and construction 
equipment, but ozone levels rise. 

• UCS exaggerates Californians’ exposure to air pollution. For example, UCS 
claims "more than 90 percent of Californians live in areas that do not comply with 
the federal ozone standard." The real percentage is only one-third of what UCS 
claims. UCS generated its exaggerated value by counting "clean" areas as "dirty." 
For example, even though 99 percent of people in San Diego County live in areas 
that comply with the federal 8-hour ozone standard, UCS counts all 3 million San 
Diegans as living in an area that violates the standard. Thus, in addition to 
exaggerating the harm from any given level of air pollution, UCS also 
exaggerates the air pollution levels themselves.  

At high enough concentrations diesel exhaust can be an unpleasant and aggravating 
nuisance. But this is a far cry from UCS’s accusation that more than a thousand people 
are killed each year or that hundreds of thousands suffer serious harm from construction-
related emissions.  

UCS has vilified the Bush administration, sometimes with good reason, for manipulating 
scientific research for political purposes, and has even created a whole campaign and 
Web site to expose and condemn the politicization of science. Yet, in Digging Up 
Trouble UCS itself puts on a clinic in the selective use of scientific evidence to reach 
predetermined conclusions and support extra-scientific political goals.[5] The remainder 
of this commentary provides a more detailed critique of UCS’s misleading account of the 
health effects of current, historically low air pollution levels.[6]  

Evaluating the Real Risks 

UCS attributes 98 percent of the harm from construction emissions to premature deaths 
supposedly caused by PM2.5 and ozone.[7] But these deaths are statistical figments rather 
than real harm from air pollution.  

UCS implicitly attributes about 40 percent of the air pollution-related deaths from 
construction equipment to nitrate PM caused by NOx emissions.[8] However, laboratory 
research on animals and human volunteers indicates that nitrates are not toxic, even at 
levels many times greater than ever occur in the most polluted California air.[9] UCS 
assumes all particulate matter has the same health effects, regardless of composition, and 
does not mention any of the evidence showing that nitrate PM is not harmful. Right off 
the bat these data reduce UCS’s death claim by 40 percent. 

UCS attributes another 10 percent of deaths to ozone caused by NOx and VOC 
emissions.[10] But emissions from construction equipment actually cause a net decrease 
in ozone. The reason is that when there is a low ratio of VOC to NOx in air, NOx 
becomes a net ozone destroyer. Under this circumstance, reducing NOx actually 
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increases ozone.[11] This is the situation in much of California and has been for at least a 
decade. For example, in the Los Angeles region, NOx levels are about 25 percent to 40 
percent lower on Sundays than on weekdays, but ozone levels are 20 percent to 50 
percent higher.[12] Even though weekends account for only 29 percent of all days of the 
year, nearly 50 percent of 8-hour ozone exceedance days in the Los Angeles metro area 
occur on weekends. San Diego and the San Francisco Bay Area similarly have lower 
NOx and higher ozone on weekends. 

NOx levels drop so much on weekends because diesel vehicles—such as construction 
equipment—are a large source of NOx and these vehicles are much less active on 
weekends.[13] The evidence suggests that NOx reductions are the cause of the increase in 
weekend ozone levels.[14] Thus, regardless of the health effects of ozone, construction 
emissions reduce ozone. Knock off another 10 percent of the deaths and health costs UCS 
claims for construction emissions. Despite its claim to be a group of scientists that bases 
its claims on scientific research, UCS does not mention any of the substantial scientific 
literature on the role of NOx emissions in reducing ozone levels in California. 

Diesel smoke is more noxious than nitrate PM, as anyone who has ever stood near the 
exhaust pipe of an old school or transit bus can attest. Yet, even diesel smoke and PM2.5 
in general show little evidence for harm at the relatively low exposure levels that occur in 
the real world today. For example, two separate Health Effects Institute (HEI) studies 
exposed both healthy and asthmatic human volunteers to 100 µg/m3 of diesel particulate 
matter (DPM) and 200 µg/m3 of Los Angeles-area PM2.5 for 2 hours while they 
exercised.[15]

Both of these are high exposures when compared with PM2.5 levels people out in the real 
world experience. Recent measurements next to one of the busiest freeways in Los 
Angeles found that black carbon, a major component of diesel smoke, never exceeded 10 
µg/m3 and averaged 5.4 µg/m3.[16] In terms of total PM2.5, even Riverside, California, 
which has the highest PM2.5 levels in the United States, never reaches 200 µg/m3 of total 
PM2.5 and only rarely exceeds even 100 µg/m3. Despite the relatively high particulate 
exposure levels in the HEI study, the researchers did not find changes in symptoms or 
lung function in either the healthy or asthmatic subjects.  

Animal studies can use much higher PM levels than studies with human volunteers. Yet 
diesel soot and ambient PM2.5 do not cause premature death in animals until 
concentrations reach levels tens to hundreds of times greater than would ever be 
experienced in ambient air.[17] As a recent review concluded:  

It remains the case that no form of ambient PM—other than viruses, bacteria, and 
biochemical antigens—has been shown, experimentally or clinically, to cause 
disease or death at concentrations remotely close to US ambient levels.[18]  

Thus, the weight of the evidence from controlled studies with animals and human 
volunteers suggests that PM is unlikely to cause premature death or other serious health 
effects at levels found in real-world air. UCS does not mention any of these research 
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results or even imply that there is any evidence at all against the claims it makes in 
Digging Up Trouble.  

The studies discussed above randomly assigned subjects to "treatment" and "control" 
groups. Random assignment ensures that the treatment and control groups differ only in 
whether they are exposed to air pollution. Thus, any observed health effects can be more 
confidently attributed to air pollution and not to other unrelated factors. This type of 
study is the "gold standard" for sorting out whether a given factor—for example, a new 
drug, a change of diet, an air pollutant, etc.—really affects health. 

Like UCS, other environmental activists, as well as government regulators, have ignored 
the evidence from controlled studies. Instead, they cite results from a much weaker type 
of study design called an "observational" study. Observational studies work with non-
randomly selected subjects and non-randomly assigned pollution exposures and then use 
statistical methods to try to remove the biases inherent in non-random data. Most 
epidemiological studies you read about in the newspaper—studies that assess the effects 
of diet or health habits on risk of cancer or heart disease, for example—are of this non-
randomized, observational sort. 

The output of an observational epidemiology study is a correlation between some factor, 
say air pollution levels or dietary fat, and a health outcome, such as death, 
atherosclerosis, or an asthma attack. But unlike controlled laboratory studies, which 
produce direct evidence for cause-effect relationships, the evidence from observational 
studies is indirect. The implicit assumption in an observational study is that after 
researchers have controlled for all known sources of bias, any residual correlation 
between, say, air pollution and risk of death represents a genuine causal connection. 
However, several lines of evidence indicate that this assumption is false, and that 
observational studies instead tend to turn up false indications of risk.  

Publication Bias and Data Mining 

First, it is nearly impossible to control for all of the biases inherent in non-random data, 
because most of these biases are either unmeasured or unknown. Second, phenomena 
known as "publication bias" and "data mining" exaggerate the apparent size of any given 
health effect reported in the epidemiologic literature and encourage researchers to "find" 
what they are looking for.  

Publication bias refers to the tendency of researchers to seek publication of, and for 
scientific journals to accept for publication, mainly those studies that find a statistically 
significant effect, while not publishing studies that do not find an effect. As a result, the 
real effect of any particular air pollutant, diet, medical intervention, etc., is smaller than 
the studies in the scientific literature would naïvely lead one to believe.  

Data mining refers to the risk that observational studies can become statistical fishing 
expeditions that turn up chance correlations, rather than real causal relationships. Think 
of the statistical models that researchers use to control for bias in observational studies as 
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having lots of "dials" or "knobs" that the researchers can turn in order to "tune" the 
statistical model until it fits the observations. Within the presumed uncertainties in the 
data and methods, researchers tend to turn these knobs and dials in ways that maximize 
the effects they "expect" or "hope" to find, and are more likely to seek publication of 
studies that find the expected effect.  

Researchers have been aware of these problems for a long time.[19] Here is a recent 
caution on publication bias from a group of air pollution epidemiologists: 

Publication bias arises because there are more rewards for publishing positive or 
at least statistically significant findings. It is a common if not universal problem 
in our research culture…In the field of air pollution epidemiology, the question of 
publication bias has only recently begun to be formally addressed.[20]  

Air pollution epidemiologists have also noted that it is common for researchers to 
selectively report results for statistical models that maximize the apparent risks of air 
pollution, rather than the full ensemble of results of their statistical modeling: 

Estimation of very weak associations in the presence of measurement error and 
strong confounding is inherently challenging. In this situation, prudent 
epidemiologists should recognize that residual bias can dominate their results. 
Because the possible mechanisms of action and their latencies are uncertain, the 
biologically correct models are unknown. This model selection problem is 
exacerbated by the common practice of screening multiple analyses and then 
selectively reporting only a few important results.[21] (emphasis added) 
 
each study can generate a large number of results for various outcomes, 
pollutants and lags and there is quite possibly bias in the process of choosing 
amongst them for inclusion in a paper.[22]  

Publication bias and data mining are not merely speculative concerns. They are serious 
problems in air pollution epidemiology and health research in general. In just the last few 
years much conventional medical wisdom that was based on observational epidemiology 
studies has been tested and overturned by randomized controlled trials that eliminate the 
biases inherent in observational studies.[23] Spurious results from observational studies 
have become such a pervasive problem in the medical literature that health researchers 
have been creating new journals specifically designed to combat publication bias and data 
mining.[24] A number of epidemiologists believe that observational epidemiology 
methods are not even capable of providing reliable evaluations of health risks, especially 
when the putative risks are relatively small, as they are for air pollution.[25]  

Epidemiologists have also provided direct evidence that observational studies of air 
pollution and health are generating false indications of risk.[26] Furthermore, the key 
observational studies that regulators and activists use to justify their air pollution health 
claims suffer from spurious and biologically implausible results. 
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For example, UCS cites two research reports from the American Cancer Society (ACS) 
study of particulate matter and mortality as the evidence for premature death from long-
term exposure to PM2.5.[27] But these same two reports concluded that PM2.5 appeared to 
kill men but not women, those who said they were moderately active but not those who 
said they were either very active or sedentary, and those with no more than a high school 
degree but not those with at least some college-level education. These biologically 
implausible outcomes suggest that the ACS results reflect uncontrolled statistical biases 
rather than real harm from pollution.  

The Health Effects Institute (HEI) performed sensitivity analyses on the ACS data that 
provided additional evidence that its results were merely statistical artifacts. For example, 
when migration rates into and out of various cities over time were added to the ACS 
statistical model relating PM2.5 and risk of death, the apparent effect of PM2.5 
disappeared.[28] Cities that lost population during the 1980s—Midwest "rust belt" 
cities—also had higher PM2.5 levels. People left these cities, which were in economic 
decline, in search of work in more economically dynamic parts of the country. But people 
who work and have the wherewithal to migrate also tend to be healthier than the average 
person. Hence, what appeared to be an effect of PM2.5 was actually the result of relatively 
healthier people leaving cities with higher-than-average pollution levels. Migration was 
just one of several confounding factors that diminished or erased the apparent harm from 
PM2.5 but were not accounted for by the ACS researchers. Incidentally, UCS ignores two 
other major studies that did not find any harm from long-term PM2.5 exposure.[29]  

Another HEI effort, the National Morbidity, Mortality and Air Pollution Study 
(NMMAPS), reported that in about one-third of the 90 cities evaluated, higher levels of 
particulate matter and ozone were associated with lower risks of premature death.[30] 
How could air pollution kill people in some cities but save them in others? More likely 
both effects are the spurious result of uncontrolled statistical biases. 

Not the Whole Truth 

Digging Up Trouble includes many more examples of UCS exaggerating or cherry-
picking the evidence. For example, UCS claims "as much as 10 to 20 percent of all 
summertime hospital visits and admissions for respiratory illness are associated with 
ozone…"[31] But not even CARB or EPA claim anywhere near this large a health burden 
from ozone and UCS claims to base its health effects estimates on the same studies that 
CARB and EPA use.[32] When CARB adopted a tougher ozone standard for California, 
agency staff estimated that eliminating virtually all human-caused ozone in the state 
would reduce asthma-related emergency-room visits by 1.75 percent and respiratory 
hospital admissions by 1.2 percent.[33] EPA scientists estimated similarly small health 
benefits from reducing ozone.[34] Compared to the regulators' estimates, UCS overstates 
the harm from ozone by at least a factor of six. 

But even the small impact of ozone claimed by CARB and EPA is still an exaggeration of 
the real harm, because both agencies ignored contrary evidence. For example, when 
assessing the potential benefits of a tougher ozone standard, CARB’s staff omitted a 
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study in California’s Central Valley that found that higher ozone was associated with a 
lower rate of hospital visits.[35] CARB was certainly aware of the existence of this study, 
because CARB funded and published it.  

According to Digging Up Trouble PM2.5 also contributes to respiratory hospital visits and 
asthma symptoms.[36] But UCS ignores a study of several hundred asthmatic children in 
Connecticut that did not find any association between PM2.5 and asthma symptoms.[37]  

The two studies just cited, the Central Valley study and the Connecticut study, are signal 
examples of how the overall evidence in the research literature is far more equivocal than 
advocates make it appear. The Central Valley study reported harm from PM, but not 
ozone. The Connecticut study reported harm from ozone, but not PM. Regulators and 
activists mention only the PM results from the Central Valley study and only the ozone 
results from the Connecticut study, creating an appearance of consistency and robustness 
in the research base that does not in fact exist.  

Data from California and elsewhere in the United States also show that hospital visits for 
asthma attacks are lowest in July and August—the months when ozone concentrations are 
at their highest.[38] UCS ignores this evidence as well.  

UCS claims that ozone from construction emissions causes more than 300,000 school 
absence days each year.[39] As shown above, construction emissions actually reduce 
ozone. Regardless, UCS was selective in choosing its evidence on whether higher ozone 
is associated with an increase in school absences. UCS cites a CARB health effects report 
as the source its claims of school absences due to ozone.[40] CARB in turn cites Gilliland 
et al. (2001), which used data from CARB’s Children’s Health Study (CHS), a long-term 
study of thousands of California children living in communities with a wide range of 
pollution levels.[41] 

CARB and UCS ignored the biological implausibility of the results in Gilliland et al. For 
example, an absence from school on a given day appeared to be due mainly to ozone 
levels from one or two weeks ago, rather than ozone levels during the previous few days. 
Spending more time outdoors, which would have increased ozone exposures, was 
paradoxically associated with fewer school absences. Particulate matter was associated 
with a large increase in non-illness-related absences, but not with absences due to illness. 
Taken as a whole, the study’s results are not credible and are an additional example of the 
problems with observational studies.  

UCS and CARB also fail to mention that two other studies have been published using the 
exact same CHS dataset, but did not find an association between ozone and school 
absences.[42] This is another example not only of UCS’s selective use of evidence to 
support its pre-determined conclusions, but also of the unreliability of observational 
studies for assessing health risks, since three different studies using the same data came 
up with three different results.[43]  
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Overexposure 

In addition to exaggerating the health effects of any given level of air pollution, UCS 
creates a false appearance that elevated air pollution is more widespread than it really is. 
According to UCS "more than 90 percent of Californians live in areas that do not comply 
with the federal ozone standard." This is one of those claims that contains a technical 
grain of truth, but that leads readers to draw conclusions that are false. 

EPA and CARB classify entire regions as "non-attainment" areas under the Clean Air Act 
even if only a single pollution monitor in the region violates a federal pollution standard. 
This makes sense from a regulatory perspective, because emissions in one part of a 
region can affect pollution levels in other parts. But UCS’s implication here is that more 
than 90 percent of Californians actually breathe air that does not comply with the federal 
ozone standard. This claim is high by about a factor of three.  

For example, San Diego County violates the federal 8-hour ozone standard, but only at a 
single rural monitoring site in the town of Alpine. The other 99 percent of San Diego 
County’s 3 million residents breathe air that meets the 8-hour standard, but UCS still 
counts all of them as breathing air that violates the standard. Even about 65 percent of 
Los Angeles County’s 10 million residents breathe air that complies with the 8-hour 
standard, as does everyone in the San Francisco Bay Area. Overall, about 30 percent of 
Californians live in areas that violate the federal 8-hour ozone standard—just one-third of 
what UCS claims.  

Conclusion 

In summarizing its case for harm from air pollution UCS states: 

Numerous epidemiological studies tracking thousands of individuals have linked 
PM exposure to premature death as well as cardiovascular and respiratory 
illnesses. Similar studies have been carried out for exposure to ozone 
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 between exposure to PM and ozone and increased incidences of 
specific health endpoints…The uncertainty in these estimates 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.[44]  

This statement has the appearance of a weight-of-the-evidence scientific review, but it is 
misleading and disingenuous. First, UCS fails to mention the existence of a large body of 
evidence that contradicts its claims. Second, UCS implies that peer review provides 
quality assurance. But despite being peer reviewed, a large fraction of published 
epidemiology studies have little to do with reality.[45] 
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Third, UCS creates the false impression that the statistical certainty measure used—the 
95 percent confidence interval—represents the real uncertainty in the estimates of air 
pollution’s health effects derived in Digging Up Trouble. But the 95 percent confidence 
interval is a measure of real uncertainty only if the study subjects have been randomly 
selected and randomly assigned to pollution exposures, neither of which are the case in 
the studies UCS uses for its health effects claims. The 95 percent confidence interval isn’t 
meaningful unless the biases created by non-random data, data mining, and publication 
bias have been removed. 

At high enough concentrations, diesel exhaust can be an unpleasant and aggravating 
nuisance. But this is a far cry from UCS’s accusation that more than a thousand people 
are killed each year or that hundreds of thousands suffer serious harm from construction-
related air emissions. The weight of the evidence suggests that air pollution at current, 
historically low levels is a minor factor in people’s health.[46]  

According to its Web site, UCS "stands out among nonprofit organizations as the reliable 
source for independent scientific analysis."[47] UCS also leads a "scientific integrity" 
campaign devoted to opposing the manipulation of scientific research results for political 
ends. However, in Digging Up Trouble UCS selects and structures information to create 
the appearance of scientific support for its apparently predetermined conclusions about 
the health risks of air pollution from construction vehicles. The report fails to live up to 
UCS's own standards. 

Joel Schwartz is a Visiting Fellow with the American Enterprise Institute. 
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