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Abstract

In this article, I review recent research showing that even relatively low levels of pollution can 

affect infants' health. This research attempts to go beyond documenting correlations by using sharp 

changes in pollution levels, carefully selecting control groups (including unexposed siblings as 

controls for exposed children), and considering behavioral responses to pollution such as maternal 

mobility. Poor and minority children are more likely to be affected and differential exposure could 

be responsible for some of the observed group-level differences in health at birth. Policymakers 

concerned about the roots of inequality should consider the role played by environmental 

exposures of pregnant mothers.
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High levels of pollution can lead to illness and death. For example, the London Fog of 1952, 

which trapped pollutants from coal fires and other sources over London for four days, 

resulted in as many as 12,000 deaths (Bell & Davis, 2001). However, it is unclear whether 

the lower levels of ambient pollution in wealthy countries today affect health. For example, 

the Environmental Protection Agency (EPA) regards levels of carbon monoxide of 30 to 50 

parts per million (ppm) as hazardous, but these levels seldom occur now in the United States 

(EPA, 2006); “moderate” levels of pollution of 4 to 9 ppm are encountered more frequently 

(see, for example, Currie, Neidell, & Schmeider, 2009).

In this review, I focus on whether these low levels of pollution significantly affect infants' 

health. Although most people in rich countries are no longer subjected to levels of pollution 

like the London Fog, more people than ever may be subjected to low levels of pollution 

given increased urbanization, traffic congestion, and the long list of chemicals in everyday 

use. Some argue that increasing rates of disabilities such as asthma, autism, and attention 

deficit hyperactivity disorder (ADHD) in many rich countries might be due to pervasive low-

level environmental exposure (Rauch & Lanphear, 2012).

The developing fetus and very young children may be particularly vulnerable to 

environmental pollution because they are more likely to be affected during a critical 

developmental period. Some important defenses against toxic chemicals, such as the blood-
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brain barrier, are not yet in place in young children. And a given “dose” of pollution is 

proportionately larger for young children.

Studying infants is practical for several reasons: Information is collected about every infant 

born in the United States and other wealthy countries, via the vital registration systems, and 

the time between potential exposure and health outcomes is shorter for infants than adults 

for whom exposures many years ago may affect current health. Infants are also of special 

interest given that health at birth predicts later adult outcomes such as education and 

earnings (see Almond & Currie, 2010, for a review).

Methodological and Measurement Issues

Pollution is associated with negative health outcomes in infants (DeRegenier & Desai, 2010; 

Engle, 2010; Evans, 2006; Walker et al., 2011). However, other characteristics of children, 

such as living in poverty, are correlated with exposure to pollution, and these factors 

independently predict bad outcomes. If poverty, rather than pollution, causes poor outcomes, 

for example, then the policy implications are quite different.

In this review, I focus on studies that attempt to get at the causal effect of pollution, using 

sharp variations in pollution levels, carefully drawn comparison groups, and strategies such 

as sibling comparisons to control for differences in family background. These studies also 

consider maternal mobility and other behavioral responses, which often make it difficult to 

establish a causal connection between pollution and health. For example, if healthier women 

tend to move away from a pollution source, then the mean health of those around the source 

will deteriorate over time, but this deterioration does not reflect a physical effect of 

pollution. Suppose, for example, 10 people live in an area of an open pollution source—five 

are sick and five are healthy. The mean rate of illness is 50 percent. However, if the five 

healthy people leave the area after the source starts polluting and the five sick people stay, 

the mean rate of illness in the area increases to 100 percent even absent a change in the 

actual number of sick people. Failing to control for mobility as a potential confounder could 

lead to estimates of the effects of pollution that are either too high (as in this example) or too 

low, The studies discussed here do not measure individual exposure to pollution, but focus 

on potential exposure to pollution that occurs because of ambient pollution levels near 

people's residences. If individuals protect themselves against harmful ambient pollution, 

these studies underestimate of the effects of an individual's exposure to a given level of 

pollution. Thus, if these studies demonstrate that low or moderate pollution levels are 

associated with harmful health consequences, the estimates can be viewed as providing a 

lower bound on true health effects.

Much of the literature focuses on a few air pollutants. Since the passage of the Clean Air 

Acts of 1970, six criterion air pollutants—particulate matter, carbon monoxide (CO), ozone, 

lead, sulphur dioxide, and nitrous oxides—have been routinely monitored in the United 

States and other countries. Less is known about other hazardous pollutants. Industrial plants 

in the United States emit approximately four billion pounds of toxic pollutants annually, 

including more than 80,000 different chemical compounds (GAO, 2010). Regulation of 

these toxics is in its infancy and most pollutants have not undergone any form of toxicity 
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testing (U.S. Centers for Disease Control and Prevention, 2009). For example, the Mercury 

and Airborne Toxics Standards, unveiled in December 2011, represent the first regulation of 

mercury compounds in the United States, although we have known for decades that mercury 

is highly toxic.

Effects of Air Pollution on Health at Birth

Two landmark studies of air pollution were among the first to try to measure the causal 

effect of air pollution on infant health (Chay & Greenstone, 2003a, b). In the first (Chay & 

Greenstone, 2003a), counties that were out of compliance with new pollution thresholds of 

the U.S. Clean Air Acts were required to lower pollution, while counties with pollution 

levels just below the thresholds were not required to implement any changes. Hence, 

counties initially just below the threshold form a natural control group for those just above 

the threshold. Using these comparisons, a one-unit decline in particulates led to 5 to 8 fewer 

infant deaths per 100,000 live births.

The second study (Chay & Greenstone, 2003b) looked at the recession of 1982, which 

lowered pollution in areas where plants closed. When pollution declined, infant mortality 

also declined. Similarly, in an investigation of the impact on health of the closure and 

reopening of a steel mill in Utah in the 1980s, preterm births declined when the mill was 

closed but rebounded when it reopened (Parker et al., 2008).

These studies were influential in popularizing a natural experiment approach to studying the 

effects of pollution on health. However, the levels of particulates examined in these studies 

are much greater than those prevalent today; for example, U.S. PM10 (particulate matter of 

10 microns or less) levels fell nearly 50 percent from 1980 to 2000. Moreover, only the 

effects of particulates were examined since other pollutants were not measured.

Other studies used naturally occurring variation in pollution and large samples of U.S. 

siblings subjected to different levels of pollution in utero (Currie & Neidell, 2005; Currie, 

Neidell, & Schmieder, 2009). This design controlled for fixed elements of family 

background shared by siblings. For example, the second study began with 1.5 million birth 

records for the period 1989-2006, focusing on mothers who lived near pollution monitors. 

Babies exposed in utero to higher levels of carbon monoxide (which comes largely from 

vehicle exhaust) had a younger gestational age at birth and weighed less than their siblings, 

even though ambient CO levels were generally lower than current EPA standards. In both 

studies, moving from an area with high levels of CO to one with low levels had a larger 

effect on infant health than convincing a pregnant woman smoking 10 cigarettes a day to 

quit. Moreover, CO exposure increased the risk of death among newborns by 2.5 percent. 

The negative effects of CO were five times greater for smokers than for nonsmokers, 

suggesting that the same levels of pollution might be more harmful for infants already at risk 

of poor birth outcomes.

Studies relying on natural experiments have recently been conducted in other countries. In 

Germany, CO harmed infants' health (Coneus & Spiess, 2010). In Turkey, following the 

switch from coal to natural gas, a one percentage point increase in subscriptions to natural 
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gas was associated with a four percent decline in infant mortality (Cesur et al., 2013). In 

Mexico City, in a study on the effect of thermal inversions, which trapped pollution over the 

city, increases in carbon monoxide affected infant mortality more than in the United States 

(Areco Gomez et al., 2012); apparently the same increase may have a stronger effect when 

starting from a higher base level.

CO comes mostly from cars; New Jersey and Pennsylvania introduced an electronic toll-

collection device called E-ZPass in a staggered fashion between 1997 and 2001. Since much 

of the pollution produced by cars occurs when the car is idling or accelerating to highway 

speed, E-ZPass reduces auto emissions near toll plazas. In a study on the effect of car 

exhaust on infants' health, mothers who lived near toll plazas were compared with mothers 

who lived along the same busy roadways but slightly farther away (Currie & Walker, 2011); 

E-ZPass reduced CO by about 40 percent in the vicinity of the toll plazas and also reduced 

many other pollutants found in vehicle exhaust. Both low birthweight (birthweight less than 

2500g) and prematurity (gestation less than 38 weeks) fell by about 10 percent in the two 

kilometers surrounding a toll plaza compared with the area 2 to10 kilometers from the toll 

plaza but still within 3 kilometers of a busy road. Similar results were found in a sample of 

mothers who lived near toll plazas comparing siblings born before and after adoption of E-

ZPass.

Similar results also emerged in a study of the effect of traffic congestion in California. 

Traffic jams that temporarily increased pollution levels, even from a relatively low base level 

of pollution, significantly affected rates of infant mortality (Knittel et al., 2011).

Little research has examined the health effects of chemicals other than the criterion air 

pollutants. In a study of U.S. county-level data from the Toxics Release Inventory (the TRI 

tracks emissions of certain toxic chemicals that may pose a threat to human health and the 

environment), higher emissions were correlated with infant death (Currie & Schmeider, 

2009). A subsequent study (Currie et al., 2013) examined the effects of toxic emissions 

using openings and closures of more than 1,600 industrial plants reporting toxic emissions. 

Data on 11 million individual birth records from five large states (Florida, Michigan, New 

Jersey, Pennsylvania, and Texas) for 1989-2003 were matched with data about pollution 

levels from monitoring stations. On average, toxics were detected a mile away from a plant 

(Currie et al., 2013). In fact, the average mother in these states lived within a mile of a plant 

emitting toxics. Living this close increases the incidence of low birthweight by 2 percent 

relative to infants born one to two miles away (where economic benefits of plant operation 

can be assumed to be the same as for people living within a mile of a plant). Housing values 

are also reduced, but only within a half mile of a plant, suggesting that some people at risk 

of poor health outcomes are unaware of the hazards.

Few studies in the United States or elsewhere have examined the effect on infant health of 

exposure to water pollution during pregnancy. One study looked at the effects of chemical 

violations of drinking water quality standards in New Jersey from 1997 to 2007, comparing 

infants who may have been exposed to contaminated drinking water in utero to siblings who 

were not (Currie et al., 2013). Contamination of drinking water yielded small effects on 
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birthweight and length of gestation among all infants, but large and statistically significant 

negative effects on these outcomes among infants born to mothers with less education.

Long-Term Consequences of Pollution Exposure in Early Life

Most studies on the health effects of exposure to pollution examine short-term effects; 

studies that follow children exposed to pollution early in life into adulthood are rare. 

However, even in the absence of such data, cohorts of children who were affected by an 

environmental shock can be examined. By comparing affected children to those born just 

before or just after a shock, researchers may be able to judge the magnitude of the effect.

One such study looked at the fallout from the Chernobyl nuclear disaster using Swedish data 

(Almond, Edlund, & Palme, 2009). The cloud of radiation affected some areas but not others 

and can be mapped precisely. In this comparison of cohorts in affected and unaffected areas, 

and cohorts in utero just prior to the disaster and during the disaster, radiation exposure 

reduced mathematics test scores 6 percent despite the fact that, at the time, the amounts of 

radiation involved were considered to be so low as to be completely harmless.

Richer data were used to investigate the long-term impact of banning leaded gasoline in 

Sweden during the 1970s (Nilsson, 2009). A decline in ambient lead (measured from 

samples of moss) was linked to later outcomes for the affected cohorts. At the time of the 

ban, peak blood lead levels in Swedish children were already below the current threshold for 

concern in the United States (10 micrograms per deciliter), suggesting that the results of this 

study are relevant to current discussions about a safe level of lead exposure in the United 

States. In Sweden, reducing levels from 10 to 5 micrograms per deciliter increased high 

school graduation rates 2.3 percent and increased earnings among young adults 5.5 percent. 

The same exposures yielded larger effects among children of lower socioeconomic status 

(SES). In short, the evidence suggests that lead is harmful in the long term at levels below 

current U.S. thresholds for concern.

Another study also used a cohort comparison approach, building on the work of Chay and 

Greenstone by asking whether cohorts of infants affected by reductions in U.S. pollution 

caused by the recession of the early 1980s had higher high school test scores (Sanders, 

2010). The study did not have information about where mothers lived when the children 

were in utero, but assumed that children were born where they attended school. That said, a 

one standard deviation decrease in Total Suspended Particles while the child was in utero 

was associated with an increase of 1.87 percent of a standard deviation in high school test 

scores.

Health at Birth and Environmental Justice

The environmental justice hypothesis holds that poor and minority households are more 

likely to be exposed to pollution (see Bowen, 2002, for a critical review). If exposure to 

environmental pollution is an important determinant of infant health, then inequities in 

exposure could lead to persistent group-level differences in health at birth. Figure 1 

illustrates differences in health at birth using data on all U.S. births in 1989 and 2010 from 

national Vital Statistics Natality files. The endpoints chosen are the first year the revised 
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certificate of live birth became widely used and the most recent year available. In the United 

States, the incidence of low birthweight is three times greater among African American 

mothers who dropped out of high school than among White, college-educated mothers, 

though the disparity has narrowed slightly over the past 20 years.

Can these differences be partially explained by differences in fetal exposure to pollution? 

Using the five-state dataset introduced earlier, data from birth records were combined with 

information about two sources of pollution: hazardous waste sites listed in the Superfund 

program and industrial plants listed in the TRI (Currie, 2011). Distance between the 

mother's residence, Superfund sites, and industrial plants also was calculated.1

Figure 2 shows that in these five states, non-Whites are more likely to live within 2000 

meters (1.25 miles) of a plant that emits toxics or a Superfund site. Within race, less 

educated mothers were more likely to live near a plant, although the effect was smaller than 

the effect of race. These raw differences could reflect other characteristics that are correlated 

with both race/ethnicity and residential location. However, even within zip codes and after 

controlling for an extensive list of controls, minority mothers are more likely to be exposed 

to these sources of pollution. Within zip codes, African American and Hispanic women are 

5.3 and 4 percentage points more likely than White women to live within 2000 meters of a 

site, respectively. And less-educated and minority women are more likely to live near 

highway toll plazas, where they are subjected to high levels of exhaust from motor vehicles 

(Currie & Walker, 2011).

Thus, infants born to minority and low-SES mothers are more likely to be exposed to 

harmful contaminants in utero, potentially negatively affecting their lives. While the reasons 

why this occurs are disputed, one possible mechanism is through differences in maternal 

mobility.

Who Moves in Response to Pollution?

Activists often assert that toxic facilities are purposely situated in poor and minority areas, 

perhaps because these communities are less able to oppose them. However, people also vote 

with their feet and respond to changes in the environment. Such mobility can complicate 

interpretation of the sorts of analyses that I have described. If an area gentrifies in response 

to an environmental cleanup, then infant health in the area may improve for reasons that 

have little to do with pollution reduction per se. Census data show that areas in which toxic 

releases increased (or decreased) experienced losses (or gains) in population between 1990 

and 2000, demonstrating that people respond to such changes (Banzhaf & Walsh, 2008).

In an examination of maternal responses to changes in pollution, areas surrounding 

Superfund sites rapidly became “Whiter” following cleanups (Currie, 2011), and the 

changes were larger for the most dangerous sites. Similarly, when new information about 

toxic releases became available, White, college-educated mothers left areas close to toxic 

plants. Thus, White, college-educated mothers are most likely to benefit from environmental 

1Multiple births were excluded because they are more likely to have health problems. However, including multiple births does not 
alter the conclusions reported here.
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cleanups. But the composition of mothers around toll plazas was not affected by the 

institution of E-ZPass, suggesting that mothers are unaware of the negative health effects of 

traffic congestion (Currie & Walker, 2011).

In summary, one reason minority and low-SES infants are more likely to be exposed to 

pollutants in utero is that their mothers are less likely to move away from harmful sources of 

pollution because they are less aware of them, less able to move, or perhaps more concerned 

about other problems in their lives.

Discussion and Conclusions

The effect of pollutants on infants' health raises important questions. First, how much of the 

persistent gap in health at birth is due to exposure to environmental pollution? Answering 

this question is difficult given the rudimentary state of knowledge regarding the health 

effects of pollution. One study estimated that 6 percent of the gap in low birthweight 

between White, college- educated mothers and African American mothers who dropped out 

of high school could be due to differences in toxic exposures from industrial plants (Currie 

et al., 2013). However, airborne emissions from toxic plants are not the only source of toxic 

exposure for the fetus and may not be the most important. For example, widespread 

exposure to pollution comes from automobile exhaust and households use many potential 

sources of toxicants, including tobacco, plasticizers, and pesticides (see Rauh et al., 2006).

Research is needed on the effects of environmental toxicants and on the immediate effects 

on fetal health as well as the long-term effects, including possible effects on disabilities that 

have been linked to low birthweight, such as asthma, autism, and ADHD. Moreover, most 

research has focused on airborne criterion air pollutants; more research is needed into other 

air pollutants, water pollution, hazardous waste sites, and sources of pollution in the home. 

Much of the existing work is limited by its focus on measures like low birthweight, which 

are crude proxies for health at birth. Ideally, large samples would be available with a broader 

range of health measures. Finally, we need to consider the fact that the same levels of 

pollution may have different effects on different groups, and we need to determine how best 

to remediate outcomes among those who have been harmed.
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Figure 1. Fraction of Low-Birthweight Births in Two Groups of Mothers (Source: Author's 
calculations from Vital Statistics Natality records)
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Figure 2. Probability that a Mother Lives Less than 2000 m from a Pollution Source in Five 
Large States (Source: Currie, 2011)
Note: Probabilities of living near a Superfund site are multiplied by 10 in order for the two 

series to have a comparable scale.

Currie Page 11

Child Dev Perspect. Author manuscript; available in PMC 2016 April 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	Methodological and Measurement Issues
	Effects of Air Pollution on Health at Birth
	Long-Term Consequences of Pollution Exposure in Early Life
	Health at Birth and Environmental Justice
	Who Moves in Response to Pollution?
	Discussion and Conclusions
	References
	Figure 1
	Figure 2

