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Abstract

Governments can address the growing concern over human exposure to environmen-
tal pollution through directing cleanup efforts ex-post, regulating industry to reduce
future pollution, or warning the public to encourage avoidance behaviors. While we
have some evidence of the benefits of large government cleanups, we have less evidence
of the benefits of mandated adoption of preventative technology. This paper quantifies
the health impacts of a relatively small but widespread pollution source and explores
whether the adoption of preventative technologies can improve health. I estimate the
effect of exposure to leaking underground storage tanks on infant health using data on
maternal addresses to identify precise proximity to sites, and leak timing data to deter-
mine exposure during gestation. By exploiting panel data on mothers, I estimate the
relative difference in sibling outcomes between exposed and unexposed siblings born to
mothers within two narrow distance bands from a leak site. Exposure increases both
the probability of low birth weight and preterm birth by about 7-8 percent. Compliance
with regulations requiring preventative technologies ultimately succeeded in mitigating
the entire effect of leak exposure on low birth weight. Finally, I exploit this unique
setting in which residents are unlikely to know about underground leaks to study the
impact of information on avoidance behaviors.
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Environmental disasters like the Flint water crisis and the Love Canal tragedy have gener-

ated growing concern over human exposure to pollution. Governments can address pollution

concerns by directing cleanup efforts ex-post, by requiring firm adoption of preventative

technologies to reduce future pollution, or by warning the public to encourage avoidance

behaviors.

Although research has provided some evidence that health improves after large-scale

government cleanups, such as Superfund site cleanups (Currie et al., 2011), we know less

about the health effects of smaller pollution sites and the health benefits from mandated

adoption of preventative technology.1 While cleanup efforts are common, they can be both

expensive and complex. A single Superfund site cleanup costs $43 million on average and

can last over 10 years (Greenstone and Gallagher, 2008). Regulations requiring preventative

technology may provide a cost-effective way to reduce future pollution and the associated

cleanup costs. With increasing environmental regulation in the US and globally, it is critical

to identify the benefits of regulation. Regulations can be ineffective when polluters respond in

unexpected ways (Henderson, 1996; Becker and Henderson, 2000; Davis, 2008; Oliva, 2015),

and when firms are given flexibility in choosing a compliance mechanism (Auffhammer and

Kellogg, 2011). In addition, even though smaller pollution sites have been overlooked by

many researchers, these sites may be more numerous and may impact a larger population.

Unlike large well-known pollution sites, small sites may be less observable and less publicized,

providing a unique opportunity to explore information as a potential policy lever to encourage

avoidance behaviors.

Because the impact of pollution on human health is difficult to identify, in many cases,

the full cost of pollution remains unknown.2 Three main challenges are endogenous residen-

tial sorting, the scarcity of detailed geographic information in health data, and avoidance

behaviors that reduce the realized costs of pollution. Even if we knew the true cost of pol-

lution, it is unclear to what extent regulations induce new technology adoption by private

1Some work has studied the health effects of environmental regulations in developing countries (Green-
stone and Hanna, 2014), and the voluntary adoption of technology (Foster et al., 2009). Within the US,
research has focused mainly on the health impact of regulation targeting non-point source pollution, such as
air pollution (Chay and Greenstone, 2003; Marcus, 2017).

2Previous research has made great progress in this area, often exploiting natural experiments to identify
the health effects of air pollution, for example Currie and Walker (2011); Luechinger (2014); Lleras-Muney
(2010); Schlenker and Walker (2015).
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firms and whether health improves after adoption.

This paper uses detailed geographic data and a setting uniquely suited to overcome these

inherent challenges: leaking underground storage tanks (LUSTs). First, I quantify the health

impacts from this localized but common pollution source, and explores potential exposure

pathways. Second, I estimate the health benefits of regulations requiring new preventative

technologies. Finally, I exploit a unique setting in which residents are unlikely to know about

underground leaks to study the impact of information on avoidance behaviors.

Prior to underground storage tank (UST) regulation, there were approximately 2 million

UST systems in use, primarily storing petroleum products at gas stations.3 The bare-steel

constructed tanks were very likely to corrode and leak after about 20 years. As of September

2015, the EPA has confirmed approximately 528,000 leaks in total, costing over $1 billion

per year in state and federal remediation costs.4 Contamination from LUST sites is very

localized, usually traveling distances less than 300 meters.5 Leaks occur underground and

are not well publicized, making it unlikely for nearby residents to know that pollution exists.

This paper combines detailed data from several sources to overcome identification chal-

lenges. Because LUST pollution is very localized, I use confidential Vital Statistics birth data

from Pennsylvania, Florida, and New Jersey containing mothers’ addresses to identify precise

proximity to leak sites. To determine leak exposure during gestation, I use leak timing data

from state databases. I show that endogenous residential sorting biases any cross-sectional

comparison, since low-SES individuals are more likely to live near leaking tanks and to be in

poor health for reasons unrelated to pollution. To overcome this challenge, I include mater-

nal fixed effects and compare birth outcomes across siblings, using variation in gestational

exposure. Maternal fixed effects capture all time-invariant characteristics, such as race, edu-

cation, permanent income, and fixed neighborhood characteristics. Estimates could still be

biased if time-varying unobservables, such as local economic conditions, vary systematically

3UST regulation resulted in many tank closures and today there are about 575,000 underground storage
tanks used nationwide. The retail motor fuels sector accounts for approximately 80 percent of UST owners
and operators. USTs can also be found at manufacturing plants, dry cleaners, farms, and other commercial
and industrial facilities in the US.

4For comparison, there are only 1,323 Superfund sites on the National Priorities List, and 391 sites have
been deleted as of January 2016.

5In my data, 22.2 percent of mothers live within 300m of a tank. Conditional on living within 300m of a
leak site, 27.4 percent of births were in utero during a leak.
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with leak timing. To address this concern, I estimate the relative difference in sibling out-

comes between exposed and unexposed siblings born to mothers within two narrow distance

bands from a leak site. Mothers farther from the site act as a control group to account

for any time-varying factors impacting all mothers near the leak. In order for these results

to be biased, time-varying unobservable characteristics must vary systematically with leak

timing, but differentially for mothers within these two narrow distance bands. Since leaks

are underground and not well publicized, residents are unlikely to know of a leak when it

occurs, which mitigates bias from avoidance behaviors.

I find that leak exposure during gestation increases both the probability of low birth

weight and preterm birth by about 8 percent, prior to the regulation. This impact on low

birth weight is similar in magnitude to the effect of the food stamp program (Almond et al.,

2011). Evidence from mothers outside the public water supply areas and from water quality

violations suggests that groundwater contamination is likely one channel, though not the

only channel, through which these effects operate.

After demonstrating that leaks harm infant health, I then estimate whether UST reg-

ulations successfully protected health. The EPA set technical standards for tanks, which

required owners to remove, upgrade, or replace their existing USTs by 1998 to comply with

spill, overfill and corrosion protection. Facility-level tank upgrades entirely eliminated the

effect of leak exposure on low birth weight, suggesting that these preventative technologies

were successful in protecting infant health.

Finally, I explore avoidance behaviors in response to two types of leak information: direct

notifications and local newspaper coverage. Avoidance behaviors might include drinking bot-

tled water, avoiding contact with soil and groundwater, or even moving to a new residential

location. The reduced-form effect indicates that local newspaper coverage reduces the neg-

ative health effects of exposure, especially for low-educated white individuals. Information

also induces highly educated individuals near tanks to move to a new residential location.

This paper is the first to quantify the impact of leaking underground storage tanks on

health, and contributes to the limited literature on the health impacts of groundwater and

soil pollution in the US.6 This paper also contributes to a literature on the effectiveness

6Cutler and Miller (2005) and Currie et al. (2013) consider the impact of drinking water quality on
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of environmental policy and regulation. Like much previous research, I find that policy

effectiveness often depends on the options available to firms and firm incentives (Henderson,

1996; Becker and Henderson, 2000; Davis, 2008; Auffhammer and Kellogg, 2011).

In addition, this paper supports previous research showing that information about pol-

lution induces avoidance behaviors that improve health (Neidell, 2004, 2009; Zivin et al.,

2011; Moretti and Neidell, 2011). I also find new evidence that highly educated mothers

exhibit an even more extreme avoidance behavior – moving – in response to information,

which has implications for the distributional effects of information and contributes to the

environmental justice literature (Currie, 2011; Brulle and Pellow, 2006; Bowen, 2002; Viscusi

and Hamilton, 1999; Gupta et al., 1996). While previous research has documented aggregate

neighborhood changes following pollution cleanup (Gamper-Rabindran and Timmins, 2011;

Banzhaf and Walsh, 2008; Cameron and McConnaha, 2006), this paper shows complimentary

individual-level evidence that highly educated mothers move away from even small pollution

sites after becoming informed.

The rest of the paper proceeds as follows. Section 1 provides background on petroleum

products and their impact on health, leaking underground storage tanks, and UST regula-

tions. Sections 2 describes the data. Section 3 describes the empirical strategy and estimates

the health impact of leak exposure. Section 4 explores whether regulations protected health.

Section 5 explores the role of information and avoidance behaviors. Sections 6 and 7 provide

a cost-benefit analysis, discussion, and conclusion.

1 Background

1.1 Petroleum Products & Health

Petroleum products released underground may impact health through two main channels.

First, vapor intrusion occurs when toxic vapors rise through soil and collect in confined

spaces, such as basements, parking garages, or sewer lines. Second, leaks can contaminate

mortality and infant health. Keiser and Shapiro (2016) estimate the impact of the US Clean Water Act
on water pollution and home values, but do not consider health impacts. Sneeringer (2009) considers the
potential for groundwater pollution from livestock farming, but finds suggestive evidence that air pollution
channels dominate.
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soil and groundwater. Exposure to contaminated groundwater occurs through inhalation

of volatile chemicals during showering, contact with chemicals during bathing or showering,

and ingestion of chemicals through drinking contaminated groundwater. Over 75 percent of

leaking UST sites involve groundwater contamination, and a spill of one gallon of gasoline

can render 1 million gallons of water undrinkable. Half of the US population, and almost

100 percent of rural areas, rely on groundwater for drinking water. Although community

water systems treat much of this water, small water systems often have few monitoring and

notification systems to detect contaminants. About 39 million people drink water provided

by “very small” or “small” water systems.7 In addition, 45 million people (14 percent) supply

their own water for domestic use in the US, according to the USGS. About 98 percent of

self-supplied water comes from fresh groundwater wells. Many of the harmful chemicals

found in petroleum products can pass undetected in air and water supplies. Table A4 in the

appendix shows that chemicals are often clear or colorless and are dangerous to health at

levels below their odor and taste thresholds.

Although petroleum products may harm health across all age groups, this study focuses

on newborns for two main reasons. First, the study of health effects among adults is compli-

cated because cumulative exposure matters. Poor health today may reflect both pollution

exposure today and exposure that occurred in the distant past, and it is difficult to obtain

a complete residential history for adults. Unlike adult health, birth outcomes can be linked

directly to pollution exposure during gestation. Second, fetal health is sensitive to conditions

in utero and these in utero shocks can have long-term consequences.8

Gasoline contains more than 150 chemicals. Chemicals such as benzene, toluene, MTBE,

and lead are suspected of adversely affecting child development and damaging the repro-

ductive system.9 Some of the chemicals found in petroleum products, such as toluene, are

fetotoxic agents, which cause generalized growth retardation and reduced maternal food

consumption. Laboratory experiments with pregnant animals and epidemiological studies

have shown a link between various chemicals found in petroleum products and poor birth

7Very small systems serve 500 or less people, and small water systems serve 501-3,300 people.
8See Currie et al. (2014) for a review of the literature on the short and long-term effects of early life

pollution exposure.
9According to the National Institute of Health (NIH), repeated high exposure to gasoline can cause lung,

brain, and kidney damage, and may damage the developing fetus in pregnant women.
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outcomes (Caprino and Togna, 1998; ATSDR, 2007; Hudak and Ungváry, 1978; Xing et al.,

2010; Wang et al., 2000; Sharara et al., 1998; Donald et al., 1991). Specifically, benzene,

toluene, xylenes, and cadmium have been linked with reduced fetal body weight and delayed

development in utero, which could result in lower birth weight. Shortened gestational age

due to exposure to benzene and toluene could result in a higher chance of preterm birth.

Various chemicals, including benzene, toluene, xylenes, tertiary amyl methyl ether (TAME),

methanol, and cadmium, have also been linked with chromosomal abnormalities, skeletal

anomalies, and other birth defects. However, the extent to which effects on animal health

can be translated to human health is the subject of some debate. Therefore, this paper also

contributes to a very small literature on the human health impacts of exposure to petroleum

pollution.

1.2 Leaking Underground Storage Tanks

Initially, there were about 2 million USTs across the nation, and the EPA estimated that over

95 percent held petroleum products.10 Approximately 80 percent of USTs were constructed

from bare-steel tanks, which were very likely to corrode and leak (EPA, 1988). In general,

leaks can occur as a result of corrosion, ground subsidence, defective piping, improper in-

stallation, or spills during refilling and maintenance. As of September 2015, the EPA has

confirmed approximately 528,000 leaks in total throughout the US.

Unlike many other pollution sites, leaking USTs are less likely to be observed by nearby

residents. If residents observe physical signs of contamination, this would likely prompt

them to file a complaint. Data from Pennsylvania indicates that only about 8.6 percent of

leak notifications originate from complaints to the department. The majority of notifications

come from tank owners and operators (42.0%) or tank installers and inspectors (42.3%). In

addition, Zabel and Guignet (2012) find that only the most publicized LUST sites have any

impact on housing values. Using newspaper articles covering leaking underground storage

tanks from local and regional sources, the ratio of articles to leaks is approximately 1 to

20. These observations suggest that residents are unlikely to know about pollution at the

average LUST site. However, we might expect to find evidence of avoidance behaviors when

10Most of the gasoline fuel tanks were installed during the boom years of the 1950s and 1960s.
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sites are publicized or residents are notified of a leak.

1.3 UST Regulation

In response to public concern over the increasing threat to groundwater from leaking un-

derground storage tank systems, a federal program was created to regulate USTs containing

petroleum and certain hazardous substances. In 1988, the EPA put into effect the UST

regulation (40 CFR Part 280), which set minimum standards for new tanks and required

owners and operators of existing tanks to comply with requirements for specific preventative

technologies.11

Owners and operators had to upgrade, replace, or close their existing tanks to comply

with spill, overfill, and corrosion prevention requirements by December 1998. Specific tech-

nologies required catchment basins to contain spills, overfill protection devices (automatic

shutoff devices, overfill alarms, or ball float valves), and corrosion protection (by adding

cathodic protection and/or interior lining, or meeting new tank standards).12 While corro-

sion protection was likely to reduce the number of leaks, spill and overfill protection were

targeted at reducing the severity of leaks. The estimated cost for a three-tank system was

$15,000 - $33,000 to remove, $12,700 to upgrade, or $80,000-$100,000 to replace all the tanks,

according to the EPA.

In addition, the regulations set forth corrective action and closure requirements, and

required owners to demonstrate financial responsibility for cleanup and damages in the event

of a leak.13 Penalties for non-compliance could be up to $10,000 per violation per day past

the deadline for each tank.

11Certain tanks were excluded from federal requirements, including waste water treatment tanks that
are part of waste water treatment facilities, equipment or machinery that contains regulated substances
for operational purposes such as hydraulic lift tanks and electrical equipment tanks, farm and residential
tanks storing less than 110 gallons, airport hydrant fuel distribution systems, and UST systems with field-
constructed tanks. Recent 2015 UST regulation revisions fill in many of these gaps in coverage of the law.
The 2015 regulation removes deferrals for emergency generator tanks, airport hydrant systems, waste water
treatment tanks, and field-constructed tanks. See Table A2 in the appendix for a more complete history of
UST regulation.

12New tanks must be made of noncorrodible material, such as fiberglass, or made of steel and have
corrosion-resistant coating and cathodic protection, or made of steel and clad with a thick layer of noncor-
rodible material.

13Owners and operators were required to have $500,000-$1 million in “per occurrence” coverage and $1 -
$2 million in “aggregate” coverage depending on their size.
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2 Data

In this section, I describe the main sources of data used in this paper. The appendix provides

additional details and describes supplementary data used in the analysis, including public

water supply data, public direct notification data, newspaper data, and census data.

Vital Statistics Birth Data

Data from individual Vital Statistics Natality records for 1989 to 2008 provide information

on birth outcomes and maternal characteristics.14 I calculate precise proximity of mothers

to underground storage tanks using confidential data street addresses from Florida, New

Jersey, and Pennsylvania.15

This rich source of geographic information on individuals over time provides an opportu-

nity to investigate detailed residential sorting and moving behaviors of individuals. Maternal

addresses offer several advantages over previous studies that use housing prices or decennial

Census data to determine sorting behaviors. Whereas housing price data is only observed

when houses are sold, maternal location is observed even if the previous house remains un-

sold or was abandoned. Maternal location data also captures renters, who are more affected

by leak sites. Since renters are unburdened by home ownership, they may have a lower cost

of moving. Unlike Census data, maternal location data is observed at a very fine scale in

both space and time. The main limitations of these data are that the exact timing of the

move between births is unknown and that only moves occurring between the first and last

observed birth are captured.

The Vital Statistics Natality data also provide a rich source of demographic information,

including mother’s age, marital status, smoking behaviors, education, race and ethnicity;

the child’s gender, gestation, and birth order; and whether it was a multiple birth. I limit

the sample to singleton births and mothers between the ages of 15 and 45.

Laboratory research, as described in section 1, suggests petroleum products may impact

14The main results use data up until 2008 because the only available data on leaks in NJ was last updated
on March 9, 2009. The analysis of direct notifications in FL uses data until 2012 to maximize sample size.

15Mothers in Pennsylvania were linked over time using a unique identifier generated from each individuals
social security number. Mothers in New Jersey and Florida were linked over time using first name, maiden
name, date of birth, and race.
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birth weight, gestation, APGAR score, congenital anomalies, or abnormal conditions.16,17,18

In addition to studying these outcomes individually, I create three summary measures of

newborn health where k indexes the following binary health outcomes (x ): low birth weight,

preterm birth, low APGAR score, congenital anomaly, and abnormal condition.19 Each

variable is oriented such that higher values indicate worse health outcomes. These summary

indices aggregate information across related outcomes, allowing for an estimate of the impact

on overall infant health and reducing the number of statistical tests performed so as to reduce

the chance of false positives. The first index is the sum of binary poor health outcomes, scaled

by the total outcomes considered (K ) to be between zero and one. The second index uses

the standardized mean value, where the original data have been normalized by the mean

(xk) and standard deviation (σ̂k) of the variable, as in Kling et al. (2007).20 Third, I conduct

a simple principle component analysis. The first principle component has an eigenvalue of

1.69, explains 33.8 percent of the overall variation in the data, and loads highest on low birth

weight and preterm birth.

Index =
1

K

K∑
k=1

xk (1)

IndexZ =
1

K

K∑
k=1

xk − xk
σ̂k

(2)

UST Data

Underground storage tank databases for each state provide facility addresses for all registered

16APGAR score is a summary measure of initial infant health status. It ranges from 0 to 10 and is
calculated from five separate tests (each receiving a score from 0 to 2) of newborn health: heart rate,
respiratory effort, muscle tone, reflex irritability, and color. This study uses the 5-minute APGAR score,
conducted 5 minutes after birth.

17This analysis uses all non-chromosomal congenital anomalies.
18Abnormal conditions include Hyaline Membrane Disease/Respiratory Distress Syndrome, assisted ven-

tilation, and seizures. These conditions were chosen in part due to consistent recording across states and
time, and also because of their potential to be affected.

19Following commonly used medical classifications, low birth weight is defined as birth weight below 2,500
grams, preterm birth is defined as a gestation less than 37 weeks, and low APGAR score is defined as a
5-minute APGAR score below 7.

20This index can be interpreted as the average of results for separate measures, scaled to standard deviation
units. Kling et al. (2007) also estimate the mean effect size using a seemingly unrelated regression approach
(SUR) to estimate the covariance of the effects. Both approaches yield identical treatment effects when there
are no missing values and no regression adjustment. In this paper, I focus on the index for simplicity.
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tanks. I obtain information on all known tank leaks from each state, including the confirmed

release date and case closure date.21,22 Throughout this paper, I refer to the confirmed release

date as the leak start date.23 I consider the leak end date to be when the case reaches a status

indicating cleanup activities are complete.24 Table 1 provides summary statistics on facilities

and leaking UST sites used in this analysis. There are 113,646 facilities with about 3 tanks

per facility. About 60 percent of facilities experience a leak, and conditional on having at

least one leak, facilities experience 1.2 leaks on average. Figure 1 shows the locations of all

80,599 leaks recorded in the data from 1989 to 2009. Leaks are dispersed widely across each

state with higher concentrations in areas with high population density. Based on a small

subset of data from Pennsylvania, the average leak size is about 524 gallons. Although the

leak size is missing for too many observations to be used in the analysis, leaks can be large

enough to pose a threat to health.

To examine the impact of UST regulation, I construct a measures of facility compliance

based on installation and removal dates of tanks at each facility in Florida and Pennsylva-

nia. New Jersey is excluded from this analysis since installation and removal dates are not

available. To comply with the 1998 technical requirements, facilities had to either replace

or upgrade their existing tanks by December 22, 1998. For the former, I define the facility

compliance date as the date of new tank installation if the new tank was installed within

half of a year from the last tank removal that occurred before the deadline. For the latter,

I do not observe the retrofitting of old tanks. So I define the facility compliance date as

the deadline, December 22, 1998, if the facility had existing tanks and was still in operation

after the deadline.

21Data on NJ releases came from the EPA’s 2011 National LUST Cleanup Backlog study. Thanks to Will
Anderson and Susan Burnell from the Office of Underground Storage Tanks for sharing these data.

22Data quality on leak sites varies across states and some states used their databases for program man-
agement purposes rather than to track detailed site information.

23This is not a perfect measure since it is possible that the leak begins earlier than this date. Results
shown in section 3.4 show that results look similar when I exclude births occurring 6 months prior to the
leak start date.

24Each state records different possible statuses. For PA, end dates occur when the status indicates cleanup
completed, inactive, interim or remedial actions initiated, or administrative close out. For FL, end dates occur
when the status indicates no further action (NFA) complete, NFA with conditions, cleanup not required,
report of discharge received, remediation by natural attenuation, or SRCR complete. For NJ, closure dates
are reported in the data received from the EPA’s Backlog study. Sites where no cleanup is required are
excluded from the analysis. Only sites with complete leak timing data are included in the analysis.
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3 Health impacts of leak exposure

3.1 Estimation strategy

The environmental justice literature has argued that minorities and the poor are dispropor-

tionally exposed to environmental pollution. Consistent with this hypothesis, I find that

low-SES mothers are more likely to live near pollution sites. Mothers living very near tanks

are more likely to be younger, smokers, unmarried, non-white, and low educated, as seen in

Table 2. Figure 2 and 3 show maternal and neighborhood demographic characteristics by dis-

tance to sites that ever or never experience a leak. Interestingly, the gradients are generally

flat for mothers near non-leaking sites, while mothers near leaking sites are less white, lower

educated, younger and more likely to live in neighborhoods with high unemployment rates,

low median incomes, many foreigners, and many renters. These gradients with distance to

leaking sites exist even after conditioning on facility, such that, holding the facility-specific

location constant, mothers living nearest to the facility are more disadvantaged.25

Since infants born to more disadvantaged mothers are more likely to have worse health

outcomes even in the absence of pollution exposure, any cross-sectional analysis would be

biased. Therefore, I include maternal fixed effects and exploit variation in exposure over time

to address this key identification problem. Within-mother estimates compare birth outcomes

across siblings, where siblings are either exposed or unexposed to a leak in utero. Maternal

fixed effects capture all time-invariant characteristics, such as race, education, permanent

income, fixed neighborhood characteristics, etc.

The remaining threat to identification is time-varying unobservable characteristics (e.g.

local economic conditions) that vary systematically with the observed leak timing. To ad-

dress this concern, I compare mothers within two small radii of the leaking site, 300 and 600

meters. These distances are consistent with observed petroleum plume lengths.26 Mothers

25Figure A2 shows the gradients with and without conditioning on facility fixed effects. Despite being less
steep, gradients persist even after controlling for facility-specific location. Racial gradients are particularly
diminished with facility fixed effects, while education and other gradients remain large. Table A3 estimates
the magnitude of the gradients linearly with and without facility fixed effects.

26Connor et al. (2015) provides a review and summary of published scientific surveys showing that the
observed lengths of benzene and MTBE plumes are relatively consistent among various regions and hydro-
geologic settings. The median plume lengths for a concentration of 5µg/L were 54m and 83m for benzene
and MTBE, respectively. The 90th percentile plume lengths were 129m and 161m for benzene and MTBE,
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within 300 meters are most likely to experience negative health effects, while mothers 300-600

meters will serve as a control group. The control group will account for any time-varying

characteristics that impact all mothers near the leak. Similar observable characteristics

within these small radii would mitigate the concern that time-varying unobservable char-

acteristics differ systematically across these groups. The maternal characteristics in these

radii, columns 1 and 2 of Table 2, are much more similar than for mothers living father than

600 meters or the full sample in columns 3 and 4, respectively. In order for the results to be

biased, time-varying unobservable characteristics must differ systematically with leak timing

but differentially for mothers within these two narrow distance bands. Since I do not observe

all time-varying characteristics, it is impossible to prove this assumption holds. However, I

can show that time-varying observable characteristics are not driving the results. Table 3

shows there is no statistically significant relationship between observable time-varying char-

acteristics and gestational leak exposure within 300 meters after controlling for age, parity,

year, month, and maternal fixed effects. The magnitudes of the effects are small, suggesting

that these point estimates are also economically insignificant.

The basic empirical specification to estimate the impact of leak exposure during gestation

on infant health is as follows:

Yijym = β0 + β1Nearij × Expij + β2Expij +B′Xij + γj + λy + µm + ε1ijym (3)

for each infant i, born to mother j, in year y, and month m. Xij is a vector of maternal

and child characteristics including smoking status, maternal education, marriage status, age,

age squared, birth parity dummies, child gender, and missing indicators. The specification

also includes mother fixed effects, γj, year dummies, λy, and month dummies, µm. Standard

errors are clustered at the mother level. The sample is limited to births occurring prior to

the 1998 regulation deadline. The variable Nearij equals one if the mother lives within 300

meters of the leak site and zero if the mother lives 300-600 meters from the leak site. The

coefficient of interest, β1, estimates the within-mother impact of exposure during gestation

by comparing exposed versus unexposed siblings within 300 meters of the site, relative to

respectively. Therefore, the choice of 300m as the treatment group is conservative since many plumes will
not travel this distance, suggesting that the results may be underestimates of the true effect of exposure.
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the same sibling difference slightly farther from the site.

Exposure, Expij, is based on leak timing relative to the period of gestation. I use two

different measures of exposure based on leaks occurring within 600 meters of each mother.

First, a binary exposure variable equals one if a leak occurs during gestation. Since leak

duration may matter, the second measure is the mean days of gestational exposure across

all leaks.27 Because measures of exposure use gestation length in their construction, they

are endogenous. Births with shorter gestation are less likely to be exposed to a leak, simply

because they spend less time in utero, and yet they are more likely to experience negative

health outcomes. To avoid this mechanical relationship, I instrument for true exposure using

hypothetical exposure based on a full, 39-week, gestation period. The 39-week exposure

measures are unrelated to true gestational length.28 In addition, to address the possibility

of endogenous exposure driven by maternal moving behaviors, I use exposure based on a

mother’s first observed location. Table A9 shows that results are similar when the sample is

limited to non-moving mothers.

3.2 Results: Health effects of exposure

Panel A of Figure 4 shows graphical evidence of the impact of leaking underground storage

tanks on infant health. Index Z is a summary measure of poor health outcomes at birth,

as defined in section 2. The figure plots point estimates of the coefficient on exposure for

each of 40 distance bins after controlling for maternal and child characteristics, mother fixed

effects, year dummies, and month dummies. The dashed line smooths these point estimates

to depict the general shape of the response function. In utero exposure to a leak increases

poor health outcomes for distances close to the leaking tank. The impact of exposure on

poor health is largest for those living closest to the tank and diminishes as distance increases.

Effects are concentrated at distances consistent with summary of observed petroleum plume

lengths in Connor et al. (2015). If health effects were found for much farther distances,

this would call into question the validity of the results since petroleum plumes rarely travel

27Results are similar for exposure measures based on the maximum days of exposure across all leaking
tanks during gestation, and based on the number of sites leaking during gestation.

28Figure A3 in the appendix depicts the key difference between the hypothetical 39-week gestation and
the true gestation.
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farther than 300 meters. However, the figure shows that the effect of leak exposure is close

to zero for distances farther than 300 meters. Other birth outcomes follow a similar pattern

and are shown in Figure 5.

Panel B of Figure 4 shows the analogous graph for time-varying maternal characteristics.

The figure plots point estimates of exposure by distance bin after controlling for age, parity,

year, month, and maternal fixed effects. Changes in time-varying maternal characteristics

cannot explain the impact of leak exposure on health. The point estimates do not follow the

same pattern and show no relationship between distance and exposure.29 This suggests that

the results are not driven by other time-varying characteristics.

Before presenting the main results, I demonstrate the inherent bias in the cross-sectional

estimates and illustrate the need for maternal fixed effects in this specification. Table 4

shows a comparison of specifications with and without maternal and child controls for low

birth weight.30 The first two columns do not include any fixed effects. Comparing the cross-

sectional estimates in columns 1 and 2, the coefficient of interest changes by an order of

magnitude when maternal and child controls are added, suggesting that these estimates are

quite biased.31 Columns 3 and 4 show the same specifications with the addition of facility

fixed effects. The coefficient of interest still changes by about an order of magnitude with

the addition of controls. Finally, columns 5 and 6 show estimates with maternal fixed effects.

The coefficient of interest is stable across specifications with and without controls, suggesting

that maternal fixed effects capture almost all of the characteristics causing bias in the OLS

specification. For this reason, the preferred specification includes maternal fixed effects in

the results that follow.

Table 5 shows estimates from equation 3 of the impact from leak exposure on health.

29Figure A4 in the appendix shows additional graphs of specific time-varying maternal characteristics.
Consistent with results presented in Table 3, there is no evidence of a relationship between exposure and
distance for these outcomes.

30Similar results are shown for all outcomes in Table A5 in the appendix.
31In addition to coefficient movements, it is important to take into account movements in R-squared values.

Following Oster (2014), who formalizes a bounding argument for omitted variable bias under the proportional
selection relationship, the bias-adjusted coefficient in this specification is 4.95 (assuming the unobservables
are not more important than observables in explaining the treatment, and with the upper bound on R-squared
as 0.6). This coefficient leads to a completely different conclusion so the OLS specification is strongly biased.
Similarly, the bias-adjusted coefficient in the facility fixed effects specification is 1.92, suggesting facility fixed
effect specification is still strongly biased.
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Panel A includes exposure duration in days, while Panel B includes a binary exposure vari-

able. The former captures both the extensive and intensive margins, while the latter cap-

tures only the extensive margin. The first three columns show the impacts on the summary

measures of health, and columns 4-8 show the impacts on low birth weight, preterm birth,

APGAR score, congenital anomalies, and abnormal conditions. The impact on all three sum-

mary health measures is positive and significant. Infants born near a leaking tank during

gestation experience worse health outcomes relative to their unexposed siblings. The effects

on low birth weight and preterm birth, columns 4 and 5, are also positive and significant.

Looking at Panel B, exposure increases low birth weight by 0.60 percentage points, or about

8 percent from the mean. Exposure increases preterm birth by 0.69 percentage points, or

about 7 percent from the mean. Exposure also lowers the APGAR score by 0.01 points on a

scale from 0 to 10, where lower scores indicate worse health. This is a very small decrease,

only 0.13 percent from the mean.

3.3 Groundwater as a mechanism

Although exposure can occur through inhalation of toxic vapors and soil exposure, contam-

inated groundwater is of particular concern. To test the importance of this pathway, I first

estimate the effects for individuals living outside of public water supply (PWS) areas. Be-

cause individuals living outside of the PWS area generally obtain their water for drinking,

bathing, and cooking from wells, larger health impacts for this population are consistent

with exposure through groundwater contamination. Data on public water supply areas are

available for New Jersey and Pennsylvania only (see appendix for data detail). Figure 6

shows the spatial distribution of leaks in relation to public water supply areas. While the

majority of leaks occur within these areas, a large number of leaks occur in areas without

public water supply.

Results in Table 6 show the health effects separated by whether or not the mother lives

within a public water supply area. Even though the sample size is restricted to only Penn-

sylvania and New Jersey, leak exposure occurring both inside and outside of PWS areas

still significantly harms health. The point estimates for leak exposure occurring outside of

PWS areas suggest large health effects. For example, leak exposure outside of PWS areas
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is associated with a 38 and 40 percent increase in the probability of low birth weight and

preterm birth, respectively. An equality test shows whether the health impacts are statisti-

cally significantly larger for non-PWS areas compared to PWS areas. Even though the small

sample of mothers living outside PWS areas limits statical power, for two out of three health

indexes and for preterm births, the effects are statistically significantly larger outside PWS

areas.

Second, I explore whether leaks near public supply wells increase the hazard of PWS water

quality violations.32 Petroleum products are most likely to cause a maximum contaminant

level (MCL) violation for volatile organic chemicals (VOCs).33 Therefore, I consider the

relationship between leaks near PWS source wells and VOC violations. I use other violation

types as placebo tests. Table 7 estimates the following stratified Cox Proportional Hazard

model:

hp(t|leak, pop) = h0p(t)exp [θ1leak(t) + θ2pop] (4)

where p indexes strata defined by type of PWS system (community, non-transient commu-

nity, and transient non-community).34 The specification controls for population and standard

errors are clustered at the PWS system level. The coefficients reported in columns 1-3 of

Table 7 show the change in the hazard of a VOC violation with three different measures of

a leak. The variable of interest in column 1 is an indicator equal to one when a leak occurs

near a source well for each PWS. The variable of interest in column 2 is equal to one if

any leak has occurred in the past, and column 3 uses the cumulative number of leaks that

have occurred. The coefficients in columns 1-3 are all positive and significant, suggesting

that leaks near PWS source wells increase the hazard of a VOC violation. By contrast, this

relationship does not hold for other types of violations. Columns 4-7 show leaks do not sig-

nificantly increase the hazard of non-VOC violations, inorganic chemical (IOC) violations,

turbidity violations, or nitrate violations. Since petroleum leaks should not impact these

other types of violations, it suggests that the results on VOC violations are not operating

through another channel correlated with leaks.

32See appendix for data source and variable construction details.
33Table A1 in the appendix shows PA violation data for the VOCs regulated by the PA DEP and the

MCL for each.
34The following system types are excluded: bottled water, bulk water, retail water, and vended water.
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Together, these findings suggest that groundwater is likely one channel through which

health effects occur, but not necessarily the only channel. Since health impacts occur among

individuals both inside and outside PWS areas, I use the combined sample in the main

specification and in the results that follow.

3.4 Robustness of the main results

Table 8 shows a selection of robustness checks for the health impacts of leaking underground

storage tanks. Column 1 replicates the baseline results for comparison. Columns 2-4 show

robustness of the findings to alternative time controls. While the main specification includes

year dummies and month dummies separately, column 2 includes year-month specific dum-

mies to control non-parametrically for time trends. Columns 3 and 4 include county-specific

and urban area-specific linear time trends, respectively, to account for any regional or city-

specific trends in the data. Point estimates are very stable across these specifications and

remain statistically significant.

One concern is that if a leak occurs prior to the recorded start date, births occurring

prior to the official leak start date would be mistakenly classified as unexposed. Column 5

excludes births occurring up to 6 months prior to the leak start date. Point estimates remain

similar and statistically significant across outcomes.

Another concern may be that exposure differentially impacts births by parity, which

could be driving the results. Column 6 includes interactions between each parity group and

the exposure measure as controls. The coefficient remains stable and significant. Moreover,

Table A8 interacts the outcome of interest with each parity group to show that the results

are not driven by any particular parity group.35

The last two columns include more flexible controls for age. Given the existence of

differential age trajectories in poor birth outcomes across racial groups, column 7 tests the

robustness of the results to the inclusion of race-specific quadratics in age. Column 8 includes

age dummies to control more flexibly for the non-linear relationship between maternal age

and health at birth. The coefficients of interest remain stable and significant.

35In addition, there are no detectable effects of leak exposure on birth spacing. These results are available
upon request.
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In addition, Table A10 shows several placebo tests. In Panel A, birth injury is chosen

as a placebo outcome since the risk of birth injury is unlikely to change with exposure. In

Panel B, I estimate the impact of exposure at farther distances, which should not experience

health effects. In Panels C and D, I use placebo leak timing that redefines exposure to be

either before or after the true leak. For all placebo tests, the estimated coefficients are not

statistically significant, as expected.

4 Health impacts of UST Regulation

4.1 Estimation strategy

Having established that leaks harm infant health, I now turn to investigate the effectiveness

of regulations in mitigating these health effects. The UST regulations implemented new

technical standards to reduce the risk and severity of leak exposure. If preventative tech-

nologies were successful in reducing size, duration, or distance of petroleum leaks, human

exposure to petroleum pollution is less likely and newborns that were in utero during a leak

will have better health outcomes after adoption of the new technologies. To evaluate the

success of the regulations, I estimate the health impacts of gestational leak exposure before

and after facility compliance with the new technical standards.

The empirical specification is as follows:

Yijfym =α0 + α1Nearij×Expij×Regfym+

α2Nearij×Expij + α3Nearij×Regfym + α4Expij×Regfym+ (5)

α5Expij + α6Nearij + α7Regfym + A′Xij + γj + λy + µm + ε2ijfym

for each infant i, born to mother j, near facility f , in year y, and month m. The variables

Nearij and Expij are defined as in equation 3. Regfym is an indicator equal to one if

the individual is born after the facility has complied with either the requirements for leak

detection (Reg1) or spill, overfill and corrosion protection (Reg2). I use tank-level data

from Pennsylvania and Florida to construct facility-level compliance dates for each deadline
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to meet the new technical standards, as described in section 2. Xij is the same vector of

maternal and child characteristics defined in equation 3. The specification includes maternal

fixed effects, γj, as well as year dummies, λy, and month dummies, µm.36 Standard errors are

clustered at the mother level. As before, I instrument for true exposure using hypothetical

exposure based on a full, 39-week gestation period to avoid the mechanical relationship

between gestation length and actual exposure. This specification estimates a triple difference,

where the coefficient of interest, α1, measures the impact of exposure to a leak during

gestation (relative to no exposure), for a mother living near (relative to far from) a tank,

after the upgrade (relative to before).

4.2 Results: Health impact of regulations

Graphical evidence shows the health impact of facility compliance with the regulation in

Figure 7. The left panels shows the impact on the poor health index, and the right panels

shows the impact on low birth weight. The treated group includes individuals near and

exposed to leaks, while the control group contains other individuals within 600 meters of the

tank. Event time (in days) is calculated as the difference between the date of birth and the

facility-level date of compliance, as defined in section 2.

Figure 7 shows that the spill, overfill, and corrosion requirements had a large and long-

term impact on health. Time zero is the facility level date of compliance, which is based

on the time of new tank installation. However, old tanks may have been removed as early

as the first vertical line (a half-year prior), based on the definition of facility compliance in

section 2. Both figures show a similar pattern. Prior to the facility upgrade, individuals near

the site and exposed to a leak experience worse health outcomes on average. Once removal

of old tanks begins, there is a sharp improvement in health among the treated group. Since

facilities must close at some point during a tank upgrade/removal, part of the immediate

health improvement may be driven by a reduction in air pollution while the facility is out

of operation.37 However, if this were the only factor driving the improvement in health, we

36Tables A6 and A7 in the appendix show an analysis of the bias in ols estimates. Estimates are similar
when only controlling for facility fixed effects.

37On the other hand, one might expect construction to have some negative impacts on health, such as air
pollution from operation of heavy machinery. However, this effect does not dominate in the data.
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would expect the poor health outcomes to return to their previous level after the facility

resumes operation. This does not appear to be the case. Alternatively, excavation of leaking

tanks may reveal more information about the extent of sub-surface pollution and may prompt

authorities to provide an alternate water source to nearby residents, which could explain the

sharp health improvement. The graph also shows that the treated group experiences a

downward trend after the upgrade, indicating that additional health improvements occur

over a longer time horizon. This is not surprising since leak remediation may be a slow

process.

One concern is that a facility upgrades could change the type of mothers giving birth.

Figure A5 in the appendix shows event study graphs analogous to Figure 7 for various

maternal characteristics. There is no discernible or consistent pattern that could explain

the health effects seen in Figure 7. Figure A6 compares all mothers near and far from

facilities to show broader neighborhood changes following upgrades. There are no shifts in

demographic characteristics for residents near tanks after facilities upgrades. Overall trends

show decreasing percentages of white mothers, but increasing education levels over time for

mothers both near and far from tanks, reflecting a general trend. Unlike other pollution

settings, such as Superfund sites, I detect no strong evidence of gentrification after facility

upgrades.

Table 9 presents the results from the estimation of equation 5. Exposure is measured

as the binary indicator. Compliance with this regulation reduces the harmful effects of leak

exposure. Column 4 indicates that facility upgrades reduced the effect of leak exposure

on low birth weight by 1 percentage point, or 15.0 percent from the mean. Although the

magnitude of the point estimate is slightly larger than the negative health impact of leak

exposure, it is not statistically significantly larger. Results for preterm birth are imprecisely

measured, but the point estimate indicates regulations reduced the harmful effects of leaks by

about half, or 0.3 percentage points. Column 5 also shows that facility upgrades eliminated

the harmful effects of leaks on APGAR. These results suggest that the adoption of spill,

overfill and corrosion protection ultimately mitigated the entire impact of leaking tanks on

low birth weight.
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5 Information and avoidance behaviors

In a setting where pollution is unobserved by local residents, one low-cost initiative policy-

makers might consider to protect health from the harmful effects of pollution is to provide

information to the public in order to encourage avoidance behaviors. More generally, it

is important to understand the role of information in inducing avoidance behaviors when

sites are small, pollution is localized, and nearby residents are unlikely to know of pollution.

Avoidance could include, for example, finding another source of water for domestic use, such

as bottled water, or avoiding contact with soil and groundwater.38 Such behaviors would

reduce the harmful health effects of leaks. Mothers could also avoid exposure by temporarily

or permanently moving. This section examines the impact of information about leaks on

both the probability of moving and health outcomes.

I use two sources of information on leaks: direct notifications and newspaper coverage.

First, data from Florida includes the facility-specific date of public leak notification (see

appendix for detail). To explore the impact of direct notifications, I compare infants born

to mothers before and after they are notified of a nearby leak. This analysis includes infants

born from 2005-2012 in Florida.39 The restricted sample size may cause these estimates to

be under-powered.

Second, I collect data on newspaper articles covering leaking underground storage tanks

(see appendix for detail). Mothers are excluded if they live in a county without a newspaper

in the database or if the child is born before the electronic collection of newspaper articles

began.

5.1 Avoidance and health

I look for evidence that non-moving mothers exhibit avoidance behaviors in response to

information. I consider the reduced-form effect of leak exposure on health with and without

38Zivin et al. (2011) show that drinking water quality violations increase bottled water consumption.
39Data before 2005 is excluded because the notification dates are not available prior to 2005. I utilize all

the available years, until 2012, of birth records data from FL to maximize the sample size. The main results
use only data before 2009 because the only available data on leaks in NJ was last updated on March 9, 2009.
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information. The empirical specification is as follows:

Yijym =π0 + π1Nearij×Expij×Infoijym + π2Nearij×Expij + π3Expij×Infoijym (6)

+ π4Nearij×Infoijym + π5Expij + π6Infoijym + Π′Xij + γj + λy + µm + ε3ijym

for each infant i, born to mother j, in year y, and month m. Xij is the same vector of

maternal and child characteristics defined in equation 3. The specification also includes

mother fixed effects, γj, year dummies, λy, and month dummies, µm.40 Standard errors are

clustered at the mother level. Exposure is measured as a binary indicator and information is

either a measure of direct notifications or newspaper coverage. The coefficient of interest, π1,

indicates the health impact of living near a leaking tank and being exposed in utero after the

mother has some information about the leak. If information about a nearby leak prompts

mothers to practice avoidance behaviors, such as drinking bottled water or avoiding contact

with soil and groundwater, π1 should indicate a health improvement.

Table 10 shows estimates from equation 6. Panels A and B show the results for news-

paper coverage and direct notifications, respectively. The coefficients in Panel A indicate

that local newspaper coverage of a nearby leak site improves summary measures of health,

decreases low birth weight, and decreases abnormal conditions at birth. Newspaper coverage

is associated with a 1.4 percentage point (18 percent) decline in the probability of low birth

weight for infants in utero near a leak. While this point estimate is larger than what we

might have expected based on the magnitude of the negative health effects of leaks, it is not

statistically significantly larger. Alternatively, this slightly larger magnitude may be driven

by an overreaction to the leak information if mothers take additional measures to protect

health during pregnancy. In fact, past research has shown that individuals are likely to

overreact to low probability events (Sunstein and Zeckhauser, 2011).

Panel B shows the reduced-form impact of direct notification on health. Unlike informa-

tion from newspaper coverage, there is little evidence that direct notifications protect health.

Only for congenital anomalies is there a statistically significant improvement in health, but

40Two types of information are considered: direct notifications and newspaper coverage. Since leak sites
with a direct notification are a subset of all leak sites, the empirical specification differs slightly due to
collinearity (Nearij×Infoijym and Infoijym are excluded).
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the magnitude is unreasonably large. Although insignificant, other point estimates indicate

that notification worsens health. Standard errors are large due to the data restriction to

births in Florida between 2005 and 2012. Importantly, notification data comes from the

time period after regulations requiring preventative technologies. Since results shown pre-

viously indicate that facility upgrades almost entirely eliminated the health effects of leak

exposure, it is perhaps not surprising that there is no health improvement after notification

in the post-regulation period.

Table 11 explores whether newspaper coverage has heterogeneous impacts by maternal

characteristics. The coefficient of interest is interacted with indicators for race, ethnicity, and

education. Improvements among low educated white mothers drive the reduction in poor

health at birth after news coverage. Column 2 includes interactions with race indicators,

where the omitted group is white mothers. The interaction coefficients for all non-white

mothers are positive, but only the coefficient for black mothers is statistically significantly

different from the impact on white mothers. This suggests that white mothers respond

most to information. Columns 3 and 4 show interactions with indicators for Hispanic and

education levels, respectively. Hispanic mothers seem to respond to information slightly more

than non-Hispanic mothers. The interactions with education are not statistically significant.

However, column 4 shows that the effects are driven primarily through low educated, white

mothers.

5.2 Avoidance and moving

Next, I examine whether information about leaks increases the probability of moving for

mothers living very close to leaking tanks. The empirical specification is as follows:

Moveijym = φ0+φ1Nearj×Infoijym+φ2Nearj+φ3Infoijym+Φ′Zij+γc+λy+µm+ε4jym (7)

for each infant i, born to mother j, in year y, and month m. Zij is a vector of maternal and

child characteristics including smoking status, maternal education, maternal race, marital

status, age, age squared, birth parity, child gender, and missing indicators. The specification

also includes county fixed effects, γc, year dummies, λy, and month dummies, µm. Standard
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errors are clustered at the county level. Information is a measure of local newspaper coverage.

The outcome variable is an indicator equal to one if a mother changes residential location

before her next observed birth. The coefficient of interest, φ1, indicates whether a mother

living near a site is more likely to move when she has some information about the leak.

Table 12 shows the results from estimation of equation 7. Column 1 shows a positive but

insignificant impact of information on the probability of moving. In addition, the magnitude

of the point estimate suggests informed mothers near leak sites are only about 1.1 percent

more likely to move before their next birth. There is little evidence that the average mother

moves in response to information.

Columns 4-7 of Table 12 estimate heterogeneous effects by race, ethnicity, and education.

While there are no statistically significant patterns by race or ethnicity, education seems to

play an important role. Column 4 shows that highly educated mothers are statistically

significantly more likely to move in response to information. Mothers who have a bachelors

degree or higher are about 3 percentage points more likely to move than mothers that did not

complete high school. High school graduates are about 0.8 percentage points more likely to

move. When separated by race, point estimates indicate there is a gradient in education for

both whites and non-whites. However, these interactions are only statistically significantly

different from zero for whites. White mothers with a bachelors degree or higher are 2.5

percentage points more likely to move after receiving information, which is a 7 percent

increase from the average group-specific probability of moving, 32 percent.

Figure 8 shows the results graphically by education for nonparametric quantiles of dis-

tance. The figure shows coefficients from estimation of the following specification:

Moveijym =χ0 +
3∑

l=1

8∑
k=1

K ′Distjk×Infoijym×Educjl +
7∑

k=1

Ω′Distkj+

X ′Zij + γc + λy + µm + ε5jym (8)

where k indexes distance quantiles and l indexes education levels. Low education includes

mothers who did not complete high school, medium education includes mothers completing

high school and/or some college, high education includes college graduates and higher edu-
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cation. Other terms are defined as in equation 7. Figure 8 confirms that highly educated

mothers living near leaking tanks respond the most to news of leaking tanks.

Moving is a costly and somewhat extreme avoidance behavior. Highly educated mothers

are more likely to have a higher income, making it easier to pay the large fixed cost of

moving. I discuss the implications of this finding for policy-makers in the next section.

6 Effect magnitude and cost-benefit analysis

This paper contributes to the cost-benefit calculation by quantifying the health effects from

leak exposure and the health improvements from new UST technical standards. Prior to

regulation, I find that leak exposure during gestation increases the probability of low birth

weight by 8.7 percent (0.600 pp) and preterm birth by 7.4 percent (0.687 pp). To put the

magnitude of the effect on low birth weight into perspective, I first compare it to other

policies that improve low birth weight. Second, I compare the benefits of reduced low birth

weight with the cost of leak cleanup and the cost of tank upgrades. Finally, I discuss the

consequences of using information as a policy-lever.

The magnitude of the effect of leak exposure is similar to several other policies that impact

low birth weight. For example, an additional year of maternal education decreases low birth

weight by 10 percent (Currie and Moretti, 2003). Participation in WIC decreases low birth

weight by 11 percent for low educated women (Hoynes et al., 2011). Alternatively, the food

stamp program decreases low birth weight by 7 percent among white mothers, and 5-11

percent among black mothers (Almond et al., 2011). In this sense, gestational exposure to

leaking tanks has approximately the same effect as an additional year of maternal education,

WIC participation, or receiving food stamps.

However, the additional costs of low birth weight due to leaking tanks are small relative

to the cost of cleanups. Based on the average number of births in gestation near a leak

per year, leaking underground storage tanks increase the number of low birth weight infants

by 154 each year in the sample states (FL, NJ, PA). Estimates from Almond et al. (2005)

indicate that low birth weight increases hospital costs by $8,319 and one-year mortality by
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37 per 1,000 births.41 I also calculate the longer-run effect of low birth weight on lifetime

earnings using point estimates from Oreopoulos et al. (2008) that suggest low birth weight

reduces earnings by 3.8 percent and the US Census Bureau’s average synthetic work-life

earnings of $1.8 million.42 In the sample states, this translates into excess hospital costs of

$1.28 million per year, excess mortality costs of $37.0 million per year, and reduced lifetime

earnings of $10.7 million per year.43 These infant health effects account for about 10 percent

of the average yearly cost of leak cleanups in these states, $490 million.44

On the other hand, facility compliance with spill, overfill, and corrosion protection re-

quirements successfully mitigated the entire effect of leak exposure on low birth weight.

These cost savings are large relative to the cost of tank upgrades. Upgrades reduced the

number of low birth weight infants by 200 per year in Pennsylvania and Florida, saving

about $1.7 million per year in excess hospital costs, $48.2 million per year in reduced one-

year mortality, and $13.9 million per year in lifetime earnings. The upgrade cost to facilities

in Pennsylvania and Florida was between $539-$639 million.45 With a 20-year tank life, the

discounted value of the reduction in low birth weight accounts for about 105-125 percent of

the one-time facility upgrade cost.46,47

While I have measured the effect of leaks on one dimension of human health, infant birth

outcomes, I have not taken into account the effect on other health outcomes (e.g. cancer,

hospital admissions, adult health and mortality) or the environment. For example, water

41Excess hospital cost is a weighted average of the fixed-effects estimates for the average cost of raising
births from each birth weight segment to above the low birth weight threshold. Excess mortality is calculated
analogously, based on the fixed-effects spline estimates.

42I use average synthetic work-life earnings values by education level to created a national average weighted
by the proportion of the population with each level of education.

43Mortality costs use the EPA’s official value of a statistical life, $6.45 million.
44There were an average of 2,893 leaks per year in the sample states. The average cost per cleanup

was $169,500, based on an equally weighted average of the cost of four leak types: small extent soil only
($25,300), large extent soil only ($114,000), small extent groundwater ($110,500), and large extent ground-
water ($428,200) (Industrial Economics, 2015).

45For a 3 tank facility, the cost to upgrade all tanks was $12,700 and the cost to replace all tanks was
$80,000-$100,000. In these data, 10,908 facilities upgraded tanks and 5,009 facilities replaced tanks in PA
and FL, using definitions in section 2.

46Using the Office of Management and Budget’s recommended discount rates of 7 percent, the discounted
stream of benefits over 20 years is $675 million. This accounts for 105-125% of the tank upgrade cost,
depending on the tank replacement cost range.

47This does not take into account other costs of the regulation, such as the cost for enforcement, inspections
or training, the closure costs from facilities forced out of business, or the cost to consumers of the LUST
gasoline tax ($0.001/gal).
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quality has been linked with long-run outcomes such as digestive cancer (Ebenstein, 2012). In

addition, these estimates do not include all longer-term effects of birth outcomes. In addition

to earnings, higher birth weight has been linked with improved cognitive development, IQ,

educational attainment, and reduced welfare take-up (Figlio et al., 2014; Black et al., 2007;

Oreopoulos et al., 2008). A full accounting of the benefits would take all of these factors

into account. Nevertheless, the infant health benefits from preventative technology measured

here more than make up for the one-time facility upgrade cost.

Finally, we can consider the tradeoffs associated with the provision of information as

a policy option. Although information provision is inexpensive and the previous evidence

suggests that individuals do exhibit avoidance behaviors in response to information, there are

some important drawbacks to consider. First, previous results indicate that informing the

public of pollution has distributional consequences that could exacerbate the inequality of

environmental exposure to pollution. In particular, I show that mothers with high education

are more likely to move in response to information. It is likely that mothers with high

education are more financially able to change location, while low-SES mothers are more likely

to stay in the same location and avoid exposure through other means. To the extent that

policy-makers care about the reduction of environmental inequalities in pollution exposure,

this would not be ideal. Second, this policy option would put the burden of avoidance

costs on individuals, rather than on the polluter. Placing pollution costs on the public is

particularly undesirable since it leads firms to undervalue the costs of pollution relative to the

social costs, which weakens the incentive for firms to make efficient risk reducing investments

(Boyd, 1997; Boyd and Kunreuther, 1995).

7 Conclusion

Leaking underground storage tanks have been a pervasive, yet understudied, source of pol-

lution throughout the US. These sites are one example of many small and localized pollution

sources that have been overlooked by researchers, but have the potentially to harm human

health. This paper shows that exposure to a leak in utero increases the probability of low

birth weight and preterm birth by about 8 and 7 percent, respectively, among mothers living
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near the leak.

Given the increasing amount of environmental regulation in the US and globally, identi-

fying the full health effects of pollution and the ability of regulation to successfully diminish

these effects is critical. This paper explores whether UST regulations requiring all tanks to

adopt new preventative technologies by 1998 had any impact on the health impact of expo-

sure. Ultimately, compliance with the 1998 technical standards entirely mitigated the effect

of a leak on low birth weight. In terms of protecting human health, these regulations were

quite successful. These findings are timely given the EPA’s recent revision of the original

1988 UST regulation, effective as of October 13, 2015. These revisions update the regula-

tion to reflect current technology and practices, increase emphasis on proper operation and

maintenance of UST equipment, expand coverage of the regulation to Indian country, and

remove past deferrals for emergency generator tanks, field constructed tanks, and airport

hydrant systems.

Finally, this paper examines avoidance behaviors in response to leak information. This

setting is uniquely suited to study avoidance behaviors since underground leaks are less

observable to nearby residents. I find that individuals respond to local newspaper cover-

age. Information decreases the negative health effects of exposure, which is consistent with

mothers exhibiting some avoidance behaviors, such as drinking bottled water. Interestingly,

information also increases the odds that a well-educated mother moves away from the leak

site, which is an even more extreme form of avoidance. The propensity to relocate among

highly educated mothers may help explain the broad inequalities observed in pollution ex-

posure. In the presence of such inequality, low-SES individuals derive a disproportionate

share of the health benefits from regulations requiring the adoption of new preventative

technologies, such as the UST regulation studied here.
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Figures

Figure 1: Leaking underground storage tanks
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Notes: Figures show location of all facilities that ever report a leak.
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Figure 2: Mother characteristic gradients with distance

.7
.7

5
.8

.8
5

.9
.9

5

0 500 1000 1500 2000
Closest site (meters)

LUST UST

White

0
.0

5
.1

.1
5

.2
.2

5

0 500 1000 1500 2000
Closest site (meters)

LUST UST

Black

0
.2

.4
.6

0 500 1000 1500 2000
Closest site (meters)

LUST UST

Hispanic
.4

5
.5

.5
5

.6
.6

5
.7

0 500 1000 1500 2000
Closest site (meters)

LUST UST

Low Educ

.1
5

.2
.2

5
.3

.3
5

0 500 1000 1500 2000
Closest site (meters)

LUST UST

High Educ

.1
2

.1
4

.1
6

.1
8

.2

0 500 1000 1500 2000
Closest site (meters)

LUST UST

Over 35

.0
4

.0
6

.0
8

.1
.1

2

0 500 1000 1500 2000
Closest site (meters)

LUST UST

Teen Mom

.1
.1

5
.2

.2
5

0 500 1000 1500 2000
Closest site (meters)

LUST UST

Smoker

.6
.7

.8
.9

0 500 1000 1500 2000
Closest site (meters)

LUST UST

Married

Notes: Maternal characteristics by distance, smoothed using “lpoly” (degree 0, bandwidth 15). LUST
observations include mothers who live near a site that leaked and UST observations include mothers
that live near a site that did not leak. Sample includes mothers giving birth prior to the 1998 regulation.
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Figure 3: Neighborhood characteristic gradients with distance

2
3

4
5

0 500 1000 1500 2000
Closest site (meters)

LUST UST

Unemployment

40
00

0
45

00
0

50
00

0
55

00
0

60
00

0

0 500 1000 1500 2000
Closest site (meters)

LUST UST

Median Income

4
6

8
10

12
14

0 500 1000 1500 2000
Closest site (meters)

LUST UST

Poverty
12

00
00

14
00

00
16

00
00

0 500 1000 1500 2000
Closest site (meters)

LUST UST

Median House Value

5
10

15
20

0 500 1000 1500 2000
Closest site (meters)

LUST UST

Foreign

10
20

30
40

50

0 500 1000 1500 2000
Closest site (meters)

LUST UST

Renters
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using “lpoly” (degree 0, bandwidth 15). LUST observations include mothers who live near a site that
leaked and UST observations include mothers that live near a site that did not leak.
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Figure 4: Impact of leak exposure by distance
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Notes: Plots point estimates of gestational leak exposure for each of 40 distance bins
after controlling for age, parity, year, month, and maternal fixed effects. Panel A also
includes controls for time-varying maternal and child characteristics, as in equation 3.
The health index is the standardized mean value of low birth weight, preterm birth, low
APGAR score, congenital anomaly, and abnormal condition. The time-varying maternal
characteristic index is the standardized mean value of smoking status, marital status,
risky birth, and no prenatal visits. The local mean smoother uses “lpoly” with degree of
0 and bandwidth of 35. Sample includes births occurring before the 1998 regulations.
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Figure 5: Birth outcomes by exposure and distance
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Notes: Plots point estimates of gestational leak exposure for each of 40 distance bins after controlling for maternal and child
characteristics, mother fixed effects, year dummies, and month dummies. The local mean smoother uses “lpoly” with degree of
0 and bandwidth of 35. Sample includes births occurring before the 1998 regulations.
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Figure 7: Regulation 2 – Compliance with Spill, Overfill and Corrosion Protection

(a) Health Index
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Notes: Event time (in days) is calculated as the difference between the date of birth and the date of facility upgrade. The
date of facility upgrade is the date of new tank installation if the new tank is installed within half of a year from the last
tank removal before the deadline, December 22, 1998. If the facility had existing tanks and is still open after the deadline, I
define the date of facility upgrade to be the deadline. The first vertical line identifies the earliest time at which old tanks were
removed (a half year) before the new tanks were installed at time 0, which is marked by the second vertical line. The diamonds
represent individuals who live within 300m of the facility and were exposed to a leak. The control group includes individuals
farther away (300-600m) or unexposed. The left panel shows results for the health index, defined in section 2, and the right
panel shows the results for low birth weight. The sample contains data from PA and FL and is limited to non-movers.
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Figure 8: Moving in response to newspaper coverage of leaks
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Notes: Coefficients and 99 percent confidence intervals are shown from equation 8. News is measured
as an indicator for any news coverage of local leaking underground storage tanks. High education,
medium education, and low education are indicators for mothers with a college degree or higher, a
high school degree or some college, and less than a high school degree, respectively. The outcome,
moving, is equal to one if a mother moves to a new location by the next observed birth.
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Tables

Table 1: Summary Statistics: Facilities & Leaks

Total facilities 113,646
Total leak incidents 80,599
Percent of facilities leaking 59.6
Number leaks per leaking facility 1.2
Tanks per facility 3.2
Mean facility capacity (gal) 17,439
Mean tank capacity (gal) 4,887
Mean gallons per leak 524

Table 2: Summary statistics: Mothers living near USTs

Distance from leaking UST
<300m 300-600m >600m Total

Age 27.22 27.55 28.42 28.01
(6.100) (6.136) (6.046) (6.098)

Smoker 0.148 0.140 0.120 0.130
(0.355) (0.347) (0.325) (0.336)

Married 0.544 0.583 0.696 0.643
(0.498) (0.493) (0.460) (0.479)

Hispanic 0.359 0.383 0.428 0.406
(0.480) (0.486) (0.495) (0.491)

White 0.685 0.697 0.801 0.756
(0.464) (0.460) (0.399) (0.429)

Black 0.243 0.238 0.151 0.188
(0.429) (0.426) (0.358) (0.390)

< HS 0.0551 0.0422 0.0306 0.0375
(0.228) (0.201) (0.172) (0.190)

Some HS 0.165 0.150 0.108 0.128
(0.372) (0.357) (0.310) (0.334)

HS Grad 0.363 0.346 0.307 0.326
(0.481) (0.476) (0.461) (0.469)

Some College 0.197 0.214 0.244 0.229
(0.398) (0.410) (0.429) (0.420)

College Grad 0.122 0.145 0.195 0.170
(0.327) (0.352) (0.396) (0.376)

College+ 0.0636 0.0768 0.101 0.0886
(0.244) (0.266) (0.301) (0.284)

Prenatal Visits 10.47 10.76 11.37 11.08
(4.061) (4.039) (3.840) (3.943)

Observations 1,442,541 2,306,427 5,317,055 9,066,023

Notes: Average characteristics of mothers with standard deviations in paren-
theses. Distance (in meters) is measured with respect to the nearest leaking
underground storage tank.
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Table 3: Time-varying maternal characteristics

Time-varying maternal characteristics
Mom Char No Prenatal

Index Smoker Unmarried Risky Visits
(1) (2) (3) (4) (5)

Near × Exp 0.243 -0.0985 0.0878 0.325 0.0192
(0.389) (0.221) (0.240) (0.278) (0.134)

Observations 658,148 658,148 658,148 658,148 617,314
Number of Moms 296,722 296,722 296,722 296,722 279,733
Outcome Mean 16.9 -2.18 15.4 37.3 12.1
% Change 0.468 -11.1 -0.640 0.235 2.68

Notes: All coefficients and standard errors are scaled up by 100. Exposure is measured as
a binary indicator. Specification includes maternal age, age-squared, parity dummies, year
dummies, month dummies, and maternal fixed effects. Risky indicates the presence of any
maternal risk factor, including diabetes, hypertension, previous poor outcomes, etc. The index
is the standardized mean value of the following variables: smoker, unmarried, risky, and no
prenatal visits. *** p<0.01, ** p<0.05, * p<0.1
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Table 4: Bias with and without FE: Exposure analysis

OLS OLS Facility FE Facility FE Mom FE Mom FE
(1) (2) (5) (6) (7) (8)

Near × Exp -0.371*** -0.0666 -0.0675 -0.00981 0.576*** 0.586***
(0.129) (0.127) (0.145) (0.141) (0.205) (0.205)

Exp -0.0420 -0.0399 0.189* 0.153 -0.0702 -0.0828
(0.0778) (0.0779) (0.111) (0.109) (0.130) (0.129)

Near 0.595*** 0.187** 0.125 0.0182
(0.0785) (0.0773) (0.0990) (0.0951)

Smoker 5.701*** 5.713*** 1.971***
(0.108) (0.137) (0.195)

Parity=2 -1.891*** -1.901*** -1.563***
(0.0760) (0.0776) (0.101)

Parity=3 -1.820*** -1.830*** -1.376***
(0.0962) (0.101) (0.177)

Parity=4 -0.771*** -0.840*** -0.474*
(0.144) (0.153) (0.263)

Parity=5 0.594** 0.517** 0.369
(0.235) (0.246) (0.377)

Parity≥6 1.115*** 0.916*** 0.634
(0.270) (0.309) (0.508)

Black 6.098*** 5.201***
(0.0913) (0.143)

Hispanic 0.234*** 0.607***
(0.0642) (0.156)

Asian 2.717*** 2.329***
(0.191) (0.219)

Native American 1.925* 1.791
(1.048) (1.213)

Some HS 0.252 0.320 -0.0459
(0.190) (0.211) (0.329)

HS Grad -0.760*** -0.510** -0.0194
(0.179) (0.201) (0.336)

Some College -1.380*** -1.066*** -0.202
(0.185) (0.210) (0.359)

College Grad -1.761*** -1.338*** -0.0889
(0.189) (0.216) (0.391)

College+ -1.806*** -1.466*** -0.158
(0.205) (0.231) (0.440)

Married -2.741*** -2.304*** -0.708***
(0.0889) (0.104) (0.164)

Male -1.122*** -1.108*** -1.138***
(0.0594) (0.0616) (0.0718)

Age -0.199*** -0.207*** -0.402***
(0.0526) (0.0605) (0.138)

Age2 0.00552*** 0.00586*** 0.00681***
(0.000911) (0.00103) (0.00151)

Observations 692,845 692,845 692,845 692,845 692,845 692,845
R-squared 0.001 0.035 0.0420 0.0583 0.570 0.572
Controls no yes no yes no yes
Number of FE 16,150 16,150 311,144 311,144
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Table 7: Hazard of PWS violations after nearby leak

Placebo violations
VOC VOC VOC Non-VOC IOC Turbidity Nitrate
(1) (2) (3) (4) (5) (6) (7)

LUST 2.380*** -0.137 0.354 0.536 0.212
(0.391) (0.147) (0.448) (0.333) (0.484)

Any Leak 2.270***
(0.405)

Num Leaks 0.00318***
(0.00118)

Observations 99,935 99,935 99,935 52,149 100,146 98,704 91,601

Notes: Shows results from estimation of the Cox Proportional Hazard Model in equation 4 with standard errors
clustered by PWS System. Estimates control for population and are stratified by PWS type. Results are shown for
volatile organic chemical (VOC), non-VOC, inorganic chemical (IOC), turbidity, and nitrate violations of maximum
contaminant levels. *** p<0.01, ** p<0.05, * p<0.1
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Table 11: News and heterogeneous health effects of a leak

Low Birth Weight
(1) (2) (3) (4) (5)

Near × Exp × News -1.413* -1.875** -0.890 -1.069
(0.822) (0.824) (0.876) (0.922)

× Black 1.314**
(0.660)

× Asian 1.406
(1.311)

× Other Race 7.980
(6.672)

× Hispanic -1.010*
(0.565)

× < HS -0.271
(0.768)

× HS Grad 0.0146
(0.597)

× Non-white & < HS 0.127
(1.215)

× Non-white & HS Grad 0.126
(1.051)

× Non-white & College Grad+ -1.296
(1.559)

× White & < HS -2.521**
(1.037)

× White & HS Grad -1.619*
(0.861)

× White & College Grad+ -0.866
(0.926)

Observations 259,294 259,268 259,294 249,097 249,075
Number of Moms 116,956 116,944 116,956 112,770 112,760

Notes: Exposure is a binary indicator. The reference group is white mothers for column 2, Non-
Hispanic mothers for column 3, and mothers with a college degree or higher for column 4. Coefficients
and standard errors scaled by 100. Each regression includes maternal and child controls, year dummies,
month dummies, and maternal fixed effects. Standard errors are clustered at the mother level. ***
p<0.01, ** p<0.05, * p<0.1
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Table 12: Information and avoidance by moving

Move before next birth
(1) (2) (3) (4) (5)

Near × News 0.512 0.659 0.516 -0.495
(0.420) (0.517) (0.469) (0.556)

× Black -0.355
(0.611)

× Asian 0.324
(1.413)

× Other -1.475
(1.285)

× Hispanic -0.00972
(0.578)

× HS Grad 0.784*
(0.425)

× College Grad+ 3.019***
(0.938)

× Non-white & < HS 0.255
(0.723)

× Non-white & HS Grad 0.242
(0.510)

× Non-white & College Grad+ 1.271
(1.164)

× White & < HS -1.159*
(0.675)

× White & HS Grad 0.394
(0.473)

× White & College Grad+ 2.495***
(0.775)

Observations 668,389 668,389 668,389 655,651 655,651
Outcome Mean 0.464
% Change 1.10

Notes: Shows results from estimation of equation 7. The reference group is white mothers for column
2, Non-Hispanic mothers for column 3, and mothers with less than a high school degree for column
4. Each regression includes maternal and child controls, year dummies, month dummies, and county
fixed effects. Standard errors are clustered at the county level. *** p<0.01, ** p<0.05, * p<0.1
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Appendix

Additional Data

Public Water Supply Areas
A public water system (PWS) provides water for human consumption through pipes or other constructed
conveyances to at least 15 service connections or serves an average of at least 25 people for at least 60 days
a year. Public water systems may be publicly or privately owned. This paper utilizes GIS data from New
Jersey and Pennsylvania on community water systems, which supply water to the same population year-
round.Unfortunately, the Florida Department of Environmental Protection (FL DEP) does not maintain
community water supply service areas for the state, so any analysis utilizing PWS areas will exclude Florida.

Community water service area boundaries for New Jersey come from the New Jersey Department of
Environmental Protection (NJ DEP) (Carter et al., 2004).48 New Jersey Public Community Water Supply
Purveyor service areas boundaries were collected and digitized to enable long term water supply planning,
and to aid in emergency management during drought.49 The Pennsylvania Department of Environmental
Protection (PA DEP) also provides a digitized map of the boundaries of the current public water supplier’s
(PWS) service areas (PADEP, 2015). These data contain over 90 percent of active service boundary areas
for Pennsylvania public community water supplies. As part of Pennsylvania’s State Water Plan, this data
is used to determine non-public water supply areas (i.e. self-supplied), the population served, and water
supply demand. Figure A1 shows PWS areas for both Pennsylvania and New Jersey.

PWS Water Quality violations and source well data
For Pennsylvania, I obtain data on PWS water quality violations and well location data. Water quality
violation data from the PA DEP includes all PWS violations of any Maximum Contaminant Level (MCL).
Table A1 shows violation data summary statistics for the volatile organic chemicals (VOCs) regulated by
the PA DEP and the MCL for each. VOC violations are the most likely type of violation to occur as a result
of leaking petroleum products. Pennsylvania wells data comes from the Pennsylvania Groundwater Infor-
mation System (PaGWIS), which contains water well latitude and longitude for a large number of wells in
the state.50 I link PWS wells to PWS areas based on overlapping geographies.51 I link leaking underground
storage tanks within 600 meters to PWS wells to explore the relationship of leaks near PWS supply wells
with PWS water quality violations.

Direct Notifications
Since 2005, Florida has maintained a database with information on public notification of possible contam-
ination for routine site cleanups. In emergency situations, the public is notified immediately and these
emergency notifications would not show up in these data. According to conversations with the FL DEP,
most sites do not require immediate emergency notification so the standard procedures are followed. Excep-
tions might include some roadside spills (from truck accidents, etc.) which are addressed immediately by
response crews. These data identify the date of initial notice of contamination beyond property boundaries,
which is required during the assessment phase of a cleanup. I use these data to explore the impact of public

48This map was developed using New Jersey Department of Environmental Protection Geographic In-
formation System digital data, but this secondary product has not been verified by NJ DEP and is not
state-authorized.

49The boundaries mapped are those of the actual water delivery or service area. Franchise areas are not
depicted (areas with legal rights for future service once developed).

50Records submitted by drillers have been added to PaGWIS starting in 1969, but data entry varied
substantially over time. Due to insufficient staff, no records were entered for several years, creating a
large backlog. Although some of these data have subsequently been entered into the system and electronic
submission of new records is now mandatory, large gaps still exist. PA is estimated to have over 1 million
domestic water wells, but there are only 440,000 records in PaGWIS.

51This will be measured with error since PWS services may draw water from a well outside of their own
PWS area and I cannot identify which of these wells service which PWS area. I am assuming that a PWS
well located within a PWS area services that area.

54



notification on avoidance behaviors.

Newspaper Data
Information on newspaper coverage of leaking tanks comes from Access World News, a comprehensive col-
lection of full-text news sources with over 528 million current and archived news articles from as early as
1978. Access World News provides extensive coverage at every geographic level, including many hard-to-find
local and regional sources that are unavailable elsewhere. This access to local news articles is crucial for de-
termining information available to mothers about local leaking underground tanks. News articles containing
the phrase “leaking underground tank” are considered coverage of a nearby leak site.52 Newspaper articles
for a 9 month gestation period are linked to mothers based on county of residence and month of conception.
I create an indicator for any newspaper coverage during the fixed, hypothetical 9 month period of gestation.

Results are similar when newspaper coverage is calculated at the zip code level and weighted by 2002
zip code circulation data from Audited Media. I weight the number of articles in the 12 month window
before birth by the average percent circulation across all newspaper editions (e.g. Monday-Friday, Monday
morning, Sunday). The percent of circulation is calculated from the average projected paid circulation for
each newspaper in each zip code and the total households per zip code. Unfortunately, only about 25 percent
of newspapers could be linked to zip code circulation data based on publication names.53 These results are
available upon request.

Census Data
Tract level data from the 2000 Census provide further information on the neighborhood characteristics.
Variables of interest include median house value, median income, unemployment rate, poverty rate, percent
foreign, and percent renters.

52Other key words, such as “underground storage tank leak”, or inclusion of additional terms such as
“water”, produce similar results.

53I use record linkage methods to perform a fuzzy merge on publication name, city and state with the
Stata package reclink. I keep linkages with a matching score above 75%.
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Table A1: PWS water quality VOC violations

Number of Percent of Avg. Duration MCL
VOCs violations violations (months) (mg/L)

BENZENE 29 3.97 3.62 0.005
CARBON TETRACHLORIDE 8 1.10 2.88 0.005
o-DICHLOROBENZENE 0 0.00 0.600
PARA-DICHLOROBENZENE 1 0.14 3.00 0.075
1,2-DICHLOROETHANE 12 1.64 3.00 0.005
1,1-DICHLOROETHYLENE 93 12.74 3.29 0.007
cis-1,2-DICHLOROETHYLENE 19 2.60 3.47 0.070
trans-1,2-DICHLOROETHYLENE 4 0.55 3.00 0.100
DICHLOROMETHANE 11 1.51 4.64 0.005
1,2-DICHLOROPROPANE 5 0.68 3.00 0.005
ETHYLBENZENE 1 0.14 3.00 0.700
MONOCHLOROBENZENE 0 0.00 0.100
STYRENE 0 0.00 0.100
TETRACHLOROETHYLENE 153 20.96 3.82 0.005
TOLUENE 0 0.00 1.00
1,2,4-TRICHLOROBENZENE 0 0.00 0.070
1,1,1-TRICHLOROETHANE 31 4.25 3.00 0.200
1,1,2-TRICHLOROETHANE 15 2.05 3.00 0.005
TRICHLOROETHYLENE 316 43.29 3.07 0.005
VINYL CHLORIDE 30 4.11 3.00 0.002
XYLENES (Total) 0 0.00 10.00

Notes: Maximum Contaminant Levels (MCLs) as of April 2006 and MCL violation data were obtained
from the Pennsylvania Department of Environmental Protection, Division of Drinking Water Management.
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Regulation History

Table A2: History of UST Regulation

1984 Subtitle I added to the Solid Waste Disposal Act (SWDA) through the Hazardous and Solid Waste
Amendments

• Created a federal program to regulate USTs containing petroleum and certain hazardous
chemicals
• Directed EPA to set operating requirements and technical standards

1986 Subtitle I amended through the Superfund Amendments Reauthorization Act
• Authorized EPA to respond to petroleum spills and leaks
• Directed EPA to establish financial responsibility requirements of UST owners
• Created a Leaking Underground Storage Tank (LUST) Trust Fund (to oversee and enforce
cleanups, and to pay for cleanups when the owner or operator is unknown, unwilling, or unable
to respond or when emergency action is required)

1988 EPA issues UST Regulations
• Technical standards require leak detection, leak prevention, and corrective action
• New tanks must meet all technical standards, but tanks installed prior to December 22, 1988
have until December 22, 1998 to be upgraded, replaced, or closed
• Requires all UST owners and operators to demonstrate financial responsibility for taking
corrective action, and for compensating thrid parties for bodily injury and property damage
from releases

2005 Energy Policy Act of 2005 amended Subtitle I of the SWDA
• Added new leak detection and enforcement provisions
• Required all regulated USTs to be inspected every 3 years
• Expanded use of the LUST Trust Fund

2009 American Recovery and Reinvestment Act of 2009
• Provided a one-time supplemental appropriation of $200 million from the LUST Trust Fund
to EPA for cleaning up leaks from federally regulated USTs

2015 The 2015 UST Regulation updated the 1988 UST Regulation
• Added periodic operation and maintenance requirements for UST systems
• Added requirements to ensure UST compatibility before storing certain biofuel blends
• Removed past deferrals for emergency generator tanks, airport hydrant systems, and field-
constructed tanks
• Expanded coverage of the regulation to Indian country

Source: EPA’s Office of Underground Storage Tanks: www.epa.gov/ust.
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Additional Figures & Tables

Figure A2: Demographic gradients controlling for facility fixed effect
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Notes: Pre-1998 maternal characteristics by distance, smoothed using “lpoly” (degree 0, bandwidth 15). Includes mothers who
live near a site that leaked.

Table A3: Demographic gradients controlling for facility fixed effect

Black Black Low Educ Low Educ Teen Mom Teen Mom
(1) (2) (3) (4) (5) (6)

Distance -0.108*** -0.00913*** -0.131*** -0.0696*** -0.0242*** -0.0132***
(0.000534) (0.00226) (0.000737) (0.00207) (0.000402) (0.000770)

Constant 280.8*** 213.1*** 657.4*** 615.2*** 105.9*** 98.38***
(0.496) (1.546) (0.595) (1.420) (0.351) (0.527)

Observations 2,297,439 2,294,958 2,255,538 2,253,062 2,298,344 2,295,861
R-squared 0.014 0.419 0.014 0.155 0.001 0.055
Facility FE yes yes yes

Notes: Coefficients and standard errors are scaled by 1000. Distance is measured in meters to the closest tank that
experienced a leak. Standard errors are clustered by facility when facility fixed effects are included. *** p<0.01,
** p<0.05, * p<0.1
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Figure A3: True vs. Hypothetical 39-week exposure

Notes: Consider a period of true gestation, beginning with a conception at week 0 and ending with birth occurring at 35 weeks,
as shown in the top black line. If a leak begins around week 36, the true exposure variable will be equal to zero since the
gestation does not overlap at all with the leak. However, this will create a mechanical bias such that shorter gestation births are
less likely to experience exposure, but are also more likely to have negative health outcomes. To overcome this inherent bias,
I utilize a measure of exposure based on a hypothetical 39-week gestation, as shown in the bottom blue line. In this example,
the hypothetical 39-week exposure measure would be positive since a full term gestation would have overlapped with the leak.
This hypothetical 39-week exposure measure is unrelated to true gestation, but highly related to true exposure.
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Figure A4: Time-varying maternal characteristics by exposure and distance
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Notes: Plots point estimates of gestational leak exposure for each of 40 distance bins after controlling for age, parity, year,
month, and maternal fixed effects. The local mean smoother uses “lpoly” with degree of 0 and bandwidth of 35. Sample
includes births occurring before the 1998 regulations.
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Figure A5: Event study of facility upgrades: mother characteristics
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Notes: Event time (in days) is calculated as the difference between the date of birth and the date of facility upgrade (defined in
section 2). The first vertical line identifies the earliest time at which old tanks were removed (a half year) before the new tanks
were installed at time 0, which is marked by the second vertical line. The diamonds represent individuals who live within 300m
of the facility and were exposed to a leak. The control group includes individuals farther away (300-600m) or unexposed. The
sample contains data from PA and FL and is limited to non-movers.
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Figure A6: Event study of facility upgrades: all mothers near vs. far
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Notes: Event time (in days) is calculated as the difference between the date of birth and the date of facility upgrade (defined
in section 2). The first vertical line identifies the earliest time at which old tanks were removed (a half year) before the new
tanks were installed at time 0, which is marked by the second vertical line. Near includes mothers living within 300m and far
includes mothers 300-600m. The sample contains data from PA and FL and includes movers and non-movers.
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Table A5: Bias with and without FE: Exposure analysis, all outcomes

Facility Facility Mother Mother
OLS OLS FE FE FE FE
(1) (2) (3) (4) (5) (6)

Panel A. Index

Near × Exp -0.120** 0.0428 0.0322 0.0629 0.306*** 0.313***
(0.0585) (0.0575) (0.0670) (0.0656) (0.0921) (0.0920)

Panel B. Index Z

Near × Exp -0.524* 0.146 0.182 0.316 1.438*** 1.472***
(0.297) (0.294) (0.338) (0.333) (0.482) (0.482)

Panel C. PC1

Near × Exp -1.396** 0.433 0.305 0.650 3.355*** 3.423***
(0.678) (0.666) (0.779) (0.763) (1.070) (1.069)

Panel D. Low birth weight

Near × Exp -0.371*** -0.0666 -0.0675 -0.00981 0.576*** 0.586***
(0.129) (0.127) (0.145) (0.141) (0.205) (0.205)

Panel E. Preterm birth

Near × Exp -0.136 0.275* 0.153 0.225 0.659*** 0.676***
(0.151) (0.149) (0.170) (0.167) (0.244) (0.244)

Panel F. APGAR score

Near × Exp -0.157 -0.887** -0.225 -0.367 -1.160* -1.188*
(0.398) (0.395) (0.445) (0.441) (0.661) (0.659)

Panel G. Congenital anomalies

Near × Exp 0.00347 0.00490 0.0296 0.0327 0.0681 0.0691
(0.0502) (0.0502) (0.0556) (0.0556) (0.0891) (0.0891)

Panel H. Abnormal conditions

Near × Exp -0.0203 0.0190 0.0784 0.0852 0.118 0.119
(0.0667) (0.0666) (0.0713) (0.0711) (0.110) (0.110)

SE Cluster Level Facility Facility Mother Mother
Controls no yes no yes no yes

Notes: Exposure is measured as a binary variable based on a hypothetical 39 week gestation.
All specifications include year and month dummies. Columns including controls also include
indicators for missing values for gender, education, marriage and smoking status. Standard
errors are in parentheses. Coefficients and standard errors scaled by 100. *** p<0.01, **
p<0.05, * p<0.1
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Table A6: Bias with and without FE: Regulation analysis

Low Birth Weight
Facility Facility Mother Mother

OLS OLS FE FE FE FE
(1) (2) (3) (4) (5) (6)

Near×Exp×Reg2 -0.939*** -0.880*** -0.813*** -0.785*** -1.057* -1.044*
(0.210) (0.207) (0.229) (0.226) (0.540) (0.539)

Near×Exp 0.422*** 0.524*** 0.492*** 0.479*** 0.935** 0.891**
(0.156) (0.154) (0.173) (0.170) (0.443) (0.442)

Exp×Reg2 0.534*** 0.423*** 0.0562 0.150 0.770** 0.789***
(0.118) (0.118) (0.139) (0.137) (0.304) (0.303)

Near×Reg2 0.235* 0.232* 0.247* 0.233* 0.307 0.265
(0.129) (0.128) (0.141) (0.139) (0.374) (0.373)

Exp -0.358*** -0.371*** -0.143 -0.264** -0.589** -0.585**
(0.0882) (0.0891) (0.114) (0.112) (0.250) (0.250)

Reg2 -0.0714 -0.0873 0.0404 -0.0484 -0.427 -0.445*
(0.0984) (0.0978) (0.132) (0.128) (0.271) (0.270)

Near 0.175** -0.0163 0.0580 -0.00722
(0.0892) (0.0882) (0.101) (0.0978)

Smoker 4.679*** 4.639*** 1.723***
(0.0778) (0.0877) (0.234)

Parity=2 -2.581*** -2.651*** -2.319***
(0.0549) (0.0549) (0.118)

Parity=3 -2.643*** -2.771*** -2.671***
(0.0775) (0.0804) (0.231)

Parity=4 -2.377*** -2.574*** -2.513***
(0.123) (0.125) (0.368)

Parity=5 -1.284*** -1.596*** -1.653***
(0.215) (0.220) (0.578)

Parity≥6 -1.054*** -1.412*** -1.175
(0.274) (0.288) (0.893)

Some HS 0.910*** 0.871*** -0.255
(0.139) (0.157) (0.480)

HS Grad -0.331*** -0.234 -0.178
(0.127) (0.143) (0.482)

Some College -1.014*** -0.820*** -0.661
(0.131) (0.151) (0.506)

College Grad -1.810*** -1.529*** -0.633
(0.138) (0.158) (0.551)

College+ -1.935*** -1.620*** -0.300
(0.151) (0.173) (0.594)

Married -1.730*** -1.532*** -0.785***
(0.0603) (0.0637) (0.181)

Male -1.107*** -1.106*** -1.088***
(0.0468) (0.0488) (0.0871)

Observations 1,161,071 1,161,071 1,161,071 1,161,071 1,161,071 1,161,071
R-squared 0.000 0.021 0.0227 0.0360 0.859 0.860
Controls no yes no yes no yes
Number of FE 17,374 17,374 928,473 928,473

Notes: Exposure is measured as a binary variable based on a hypothetical 39 week gestation. All specifi-
cations include year and month dummies. Columns with controls also include age, age-squared, indicators
for race, and indicators for missing values of gender, education, marriage and smoking status. Standard
errors are in parentheses. Coefficients and standard errors scaled by 100. *** p<0.01, ** p<0.05, * p<0.1
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Table A7: Bias with and without FE: Regulation analysis, all outcomes

Facility Facility Mother Mother
OLS OLS FE FE FE FE
(1) (2) (3) (4) (5) (6)

Panel A. Index

Near × Exp × Reg2 -0.329*** -0.296*** -0.289*** -0.283*** -0.356 -0.352
(0.0954) (0.0944) (0.104) (0.102) (0.248) (0.248)

Panel B. Index Z

Near × Exp × Reg2 -1.188*** -1.107** -1.151** -1.132** -1.807 -1.783
(0.453) (0.450) (0.491) (0.484) (1.228) (1.226)

Panel C. PC1

Near × Exp × Reg2 -3.873*** -3.516*** -3.261*** -3.206*** -4.888* -4.884*
(1.064) (1.054) (1.159) (1.138) (2.787) (2.782)

Panel D. Low birth weight

Near × Exp × Reg2 -0.939*** -0.880*** -0.813*** -0.785*** -1.057* -1.044*
(0.210) (0.207) (0.229) (0.226) (0.540) (0.539)

Panel E. Preterm birth

Near × Exp × Reg2 -0.713*** -0.597** -0.505* -0.511* -0.287 -0.293
(0.249) (0.247) (0.268) (0.263) (0.670) (0.669)

Panel F. APGAR score

Near × Exp × Reg2 0.648 0.475 0.285 0.221 2.827* 2.839*
(0.612) (0.608) (0.663) (0.656) (1.690) (1.687)

Panel G. Congenital anomalies

Near × Exp × Reg2 0.0156 -0.0102 -0.0386 -0.0448 0.0338 0.0356
(0.0744) (0.0744) (0.0776) (0.0774) (0.225) (0.224)

Panel H. Abnormal conditions

Near × Exp × Reg2 0.0134 0.0205 -0.108 -0.102 0.140 0.144
(0.132) (0.132) (0.146) (0.146) (0.373) (0.373)

SE Cluster Level Facility Facility Mother Mother
Controls no yes no yes no yes

Notes: Exposure is measured as a binary variable based on a hypothetical 39 week gestation. All specifications
include year and month dummies. Columns including controls also include indicators for missing values for
gender, education, marriage and smoking status. Standard errors are in parentheses. Coefficients and
standard errors scaled by 100. *** p<0.01, ** p<0.05, * p<0.1
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Table A8: Robustness to interaction with parity indicators

Low Birth Weight
Parity X = 1st 2nd 3th 4th 5th 6th+

(1) (2) (3) (4) (5) (6)

Near × Exp × Parity X -0.0623 -0.156 0.224 -0.269 0.717 1.253
(0.207) (0.182) (0.253) (0.422) (0.754) (0.999)

Near × Exp 0.617*** 0.657*** 0.553*** 0.624*** 0.575*** 0.561***
(0.214) (0.220) (0.215) (0.209) (0.207) (0.207)

Observations 693,159 693,159 693,159 693,159 693,159 693,159
Number of Moms 311,040 311,040 311,040 311,040 311,040 311,040

68



T
ab

le
A

9:
H

ea
lt

h
im

p
ac

t
of

le
ak

ex
p

os
u
re

:
N

on
-m

ov
er

s
on

ly

S
u

m
m

a
ry

M
ea

su
re

s
In

d
ex

In
d

ex
Z

P
C

1
L

ow
B

W
P

re
te

rm
A

P
G

A
R

C
o
n

g
.A

n
o
m

.
A

b
n

o
rm

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

P
a
n

el
A

.
D

a
ys

E
xp

o
se

d

N
ea

r×
E

x
p

0.
00

09
90

**
0
.0

0
4
6
5
*

0
.0

1
1
8
*
*

0
.0

0
2
0
6
*
*

0
.0

0
2
0
1
*

-0
.0

0
6
3
8
*
*

0.
0
0
0
1
0
2

0
.0

0
0
2
1
0

(0
.0

00
45

0)
(0

.0
0
2
3
9
)

(0
.0

0
5
2
8
)

(0
.0

0
0
9
9
3
)

(0
.0

0
1
1
8
)

(0
.0

0
3
2
2
)

(0
.0

0
0
4
3
6
)

(0
.0

0
0
5
2
6
)

P
a
n

el
B

.
E

xp
o
su

re
D

u
m

m
y

N
ea

r×
E

x
p

0.
26

4*
*

1
.2

0
6
*
*

3
.0

8
3
*
*

0
.4

7
0
*
*

0
.6

6
1
*
*

-0
.9

7
3

0
.0

5
6
2

0
.0

5
7
5

(0
.1

08
)

(0
.5

6
8
)

(1
.2

6
0
)

(0
.2

3
9
)

(0
.2

8
2
)

(0
.7

6
8
)

(0
.1

0
3
)

(0
.1

2
5
)

O
b

se
rv

at
io

n
s

39
9,

00
7

3
9
9
,0

0
7

3
9
5
,0

3
9

3
9
8
,4

4
3

3
9
9
,0

0
7

3
9
5
,4

9
1

3
9
9
,0

0
7

3
9
9
,0

0
7

N
u

m
b

er
of

M
om

s
18

6,
29

9
1
8
6
,2

9
9

1
8
4
,6

5
1

1
8
6
,0

5
2

1
8
6
,2

9
9

1
8
4
,8

5
0

1
8
6
,2

9
9

1
8
6
,2

9
9

%
C

h
an

ge
6.

58
-

-
6
.9

4
7
.2

2
-0

.1
0
8

5
.1

2
3
.2

7

N
o
te

s:
S

h
o
w

s
re

su
lt

s
fr

o
m

es
ti

m
a
ti

o
n

o
f

eq
u

a
ti

o
n

3
.

C
o
effi

ci
en

ts
a
n

d
st

a
n

d
a
rd

er
ro

rs
sc

a
le

d
b
y

1
0
0
.

E
a
ch

re
g
re

ss
io

n
in

cl
u

d
es

m
a
te

rn
a
l

a
n

d
ch

il
d

co
n
tr

o
ls

,
y
ea

r
d

u
m

m
ie

s,
m

o
n
th

d
u

m
m

ie
s,

a
n

d
m

a
te

rn
a
l

fi
x
ed

eff
ec

ts
.

T
h

e
sa

m
p

le
is

re
st

ri
ct

ed
to

n
o
n

-m
o
v
er

s
a
n

d
b

ir
th

s
o
cc

u
rr

in
g

b
ef

o
re

th
e

1
9
9
8

U
S

T
re

g
u

la
ti

o
n

d
ea

d
li
n

e.
*
*
*

p
<

0
.0

1
,

*
*

p
<

0
.0

5
,

*
p
<

0
.1

69



Table A10: Placebo tests

Index Z Low BW Preterm Birth Injury
(1) (2) (3) (4)

Panel A. Placebo Outcome

Near × Exp -0.0216
(0.0337)

Panel B. Placebo Distance: 900-1200 vs. 1200-1500m

Near × Exp 0.554 0.160 -0.00793
(0.622) (0.255) (0.316)

Panel C. Placebo Timing: 1-10yrs pre-leak

Near × Exp -0.263 -0.161 -0.123
(0.422) (0.178) (0.206)

Panel D. Placebo Timing: 1-10yrs post-leak

Near × Exp 0.168 0.0491 0.100
(0.364) (0.168) (0.197)
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