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ToxIC EXPOSURE IN AMERICA:
ESTIMATING FETAL AND INFANT HEALTH OUTCOMES

ABSTRACT: We examine the effect of toxic exposureon U.S. infant and fetal mortality rates
between 1989 and 2002 from toxic pollution released by facilities reporting to the Toxic Release
Inventory (TRI). Unlike previous studies, we contral for toxic pollution from mobile sources and
from non-TRI reporting facilities. We find significant adverse effects of TRI exposure on infant
mortdity. Thereis evidence that hedth effects vary across media: air and water having a larger
impact than land pollution. And, within air, we find that releases of carcinogens are particularly
problematic for infant health outcomes. We estimate that theaverage county-level decreasesin TRI

concentrations between 1988 and 2002 saved in excess of 13,800 infant lives.



Toxic EXPOSURE IN AMERICA:
ESTIMATING FETAL AND INFANT HEALTH OUTCOMES

INTRODUCTION

Over 75,000 different chemical substances, used or manufactured in the United States, are
currently registered with the EPA under the Toxic Substances Control Act (TSCA). The mgority
of those substances are relatively new, having been devel oped since World War 11, and for many,
little is known about their effects on health. Since 1988, the Toxic Release Inventory (TRI) has
tracked environmental releases by manufacturing plants in the U.S. of 300 to 600 of these
substances, all of which are either known to be, or suspected of being, hazardousto human health.
It is estimated that, in 2000, more than 100 million pounds of carcinogens, 188 million pounds of
developmental or reproductive toxins, 1 billion pounds of suspected neurological toxins, and 1.7
billion pounds of suspected respiratory toxins were released into the nation’ sair, water, and land by
the manufacturing sector alone.

Toxic substances face cradle-to-grave regulation in the U.S.: Their storage, handling,
transportation, and disposal are all strictly regulated. Y et, for most of these substances, thereisno
formal regulation of their releasesinto the environment. In part, this may be dueto abelief that at
low levelsof perceived exposurethere are no significant health effects? And, to alarge extent, there

was little public concern over toxic releases until the discovery in 1978 of toxic wastes buried

! See U.S. PIRG Report, executive summary (January 22, 2003).

2No comprehensive dataset existsfor ambient toxic pollutants. Dataon ambient toxicconcentrations
for only asmall number of toxic pollutants have been recorded for a sel ect number of gatesin 1996, and only

periodically since that time.



beneath a neighborhood in Love Canal, N.Y ., and then of a strong correlation between residential
proximity to Love Canal and significantly elevated raes of cancer, neurological disorders, birth
defects, and still births.

Love Canal spurred a number of epidemiologicd studies into the hedth effects of toxic
exposure. The bulk of that research consists of cross-sectional studies, usually on adults, and
provides mixed results on the relationship between toxic pollution exposure and health outcomes.
That is similar to what has been observed in the literature on (non-toxic) air pollution and health.
As pointed out by Greenstone and Chay (2003a) the lack of a consensus on the effects of air
pollution on health may be explained by identification problems that often arisein cross-sectional
studies as a result of omitted variable bias. A second problem is that studies of adult health
outcomes may be flawed by the inability to measure accurately life-time exposure to pollutants.
Even abstracting from mobility issues, using current levels of pollution to proxy for life-time
exposure will be inaccurate if pollution concentration levels have changed dramaticaly over time,
asistrue of toxic pollutants (Needham et al. (2005)).

A third problem is the absence of data on toxic pollution concentrations. At best, toxic
releases are avalableat the facility leve in the manufacturing sector for fadlitiesthat are required
toreporttothe TRI. No dataexists, however, for TRI non-reporterswithin the manufacturing sector
or toxic polluters not required to report to the TRI (incdluding mobile sources). Because the
contributions of pollution from these sources are unobserved and change over time, they cannot be
accounted for using typical panel-data methods, such asfixed effectsor first-differencing. Studies
thus far, have not controlled for these time-varying omitted variables, potentially leading to

estimation bias.



Inthis study, weinvestigatethe health effects of toxic pollution exposure on two particularly
vulnerable groups: fetuses surviving at least 20 weeks in utero and infants under one year of age.
By doing so, we mostly avoid the problems associated with trying to proxy for life-time exposure
levels. Empirical studiesshow that mobility ratesfor pregnant women arelow, so that fetal exposure
can reasonably be approximated by pollution concentrations in the mother’s county of residence.

We construct apanel in which we make use of facility level annud toxic release datathat we
aggregateto the county-year level and link to files of al births and deathsin the U.S. between 1989
and 2002. We include alarge set of covariates to control for potentially confounding effects and
explicitly include proxy variablesto control for toxic pollution that may be attributed to both mobile
sources of pollution and from facilities in the manuf acturing sector that do not report to the TRI —
two potentialy important variableswhich have systematically been omitted from other studies. Our
central identification strategy exploits the variation in toxic pollution concentrations within state-
years driven by fecility level response to the introduction of mandatory disclosure rules brought
about by the adoption of TRI reporting requirements.

Our findings show that there are significant health consequences to infants from exposure
to toxic releases, although we do not find similar outcomesfor fetal health. The medium by which
toxic pollutants are released into the environment plays an important role: Toxic air and water
releases are significantly more harmful to infant health than land releases. Our results also suggest
that of al the pollutants that we study, carcinogenic air releases have the largest effect on infant
mortaity. We estimate that the average county-level declineintoxic air concentrations of 9.5% per
year in the manufacturing sector aloneled to atotal declinein infant mortality of approximately 4%

in 14 years. The overall reductions by TRI reporters in the manufacturing sector in various
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categories of TRI concentrations (by chemical category and by media) during our sample led to a
savingsof over 13,800 infant lives. Using avalueof astatistical life measure of between $1.8M and
$8.7M, we estimate that the value of the saved lives to ranges between $24.8B and $120B. Our
findings, however, may significantly under-estimate the actual effects of toxic releases on infant
mortdlity, asthey do not include the adverse health consequences of releases by TRI non-reporters.
Wefind evidence to suggest that toxic releases by non-reporting facilities may add significantly to
the impact on infant health outcomes. In contrast to other studies, we do not, however, find any
measurable health effects on infants or fetuses from exposure to ambient concentrations of criteria
air pollutants, specifically, particulate matter (PM,,), or ozone (O,).

Therest of the paper isorganized asfollows. In section |1 we provide abrief summary of the
literature, focusing in particular on epidemiological studies tha relate fetal and infant health
outcomes to toxic pollution exposure. We discuss data sources that are used in our study in section
[11; descriptive statisticsare givenin section V. Section V describes our methodol ogy and section
VI discussesdata issues. In Section VI, we present our results. In Section VIl we describe tests
for robustness that we conduct on the data, and in Section I X, we discuss policy implications and
provide concluding remarks.

. BACKGROUND

It is generally believed that both fetuses and infants are particularly vulnerable to exposure
to toxic pollutants, although the biological mechanisms through which that occurs is not yet well
understood. The National Research Council described four waysin which these two groups may be
especidly vulnerable to environmental toxins (Landrigan et al. (2004)). First, children have

disproportionately heavy exposures to many environmental agents because of their size. Relative
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to their body weight, they consume significantly more food and water than adults. Toxins that are
present in the food system or in the water supply may therefore be more harmful to them than to
adults. Second, becausethe central nervoussystemisnot fully developed until at least 6 monthspost
birth (Choi (2006)), the blood-brain barrier may be breached by some environmental toxinsin a
manner that is less likely later in life. Third, devdopmental processes are more easily disrupted
during periods of rapid growth and development before and after birth, making exposure to
environmental toxinsduringthese stagesparticularly harmful. Fourth, because childrenhavelonger
life-spans, exposure to environmental toxins at an earlier age, or even in utero, may lead to ahigher
probability of developing a chronic disease than if exposure were to occur later in life.

Before addressng the question of fetal or infant health outcomes from exposure to
environmental toxins, it is important to address directly the question of how to measure toxic
exposure. Fetal exposureisadirect consequence of maternal exposure. Most studies assume that
the relevant level of exposure may be captured by the mother’ s place of residence at the time of
delivery. That will betrue, however, only if the mobility rate of pregnant womenislow. Published
studies have estimated residential mobility during pregnancy to range between 12% and 32%, with
one study estimating that, of those that moved, only 5% changed municipality and 4% changed
county during pregnancy. (SeeFel eta. (2004), Khoury et a. (1988), Shaw et a. (1992), and Zender
et al. (2001).) In combination, those studies would suggest that, at most, 1.2% of pregnant women
would not havebeeninresidencewithintheir child’ sbirth-designated county during pregnancy. Fel
et al. (2004) also report that mobility was not correlated with exposure to chemicals or pesticidesin
theworkplace or at home. They did find, however, that both younger (age < 25) and older (age >35)

women were more mobile, as were unemployed women and those from lower income groups.
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Several epidemiological studies look at health outcomes for prenatal exposure to toxic
pollutants. A number find a correlation between prenatal exposure and spontaneous abortion,
malformation, and low birth weight (Bove et a. (1995), Carpenter (1994), Landrigan et al. (1999)).
Others, however, find no such correlation (Baker et al. (1988), Croen et al. (1997), Felder et al.
(2000), Kharrazi (1997), Sonsiak (1994)). Morerecent work suggests that the health effectsmay be
tied only to particular categories of toxic pollutants. For example, Meuller et al. (2007) look at the
relationship between fetal deaths and maternal proximity to hazardous waste sites, but finds
statistically significant results only for proximity to waste sites associated with pesticides.

Infant health outcomes may be affected both by exposure that occursin utero and after birth.
Itiswell documented that infantsare at particular risk for exposureto heavy metals, such aslead and
methyl mercury (Landrigan et a. (2004 )). Choi et a. (2004) find that there is a higher risk of
childhood brain cancer when motherslive closeto a TRI emitting facility. Making useof TRI data,
Marshall et. al (1997) find adlight increase in certain birth defects dueto exposureto toxic releases.

Becauseof amilaritiesin termsboth of econometric issues andissuesof causality, itisuseful
tolook also at the literature on (non-toxic) air pollution and health. Greenstone and Chay (2003a),
for example, examine the effects of total suspended particulates (TSPs) on infant mortality rates.
They use the changes in TSP pollution concentrations generated by the 1981-82 recession as a
“guasi-experiment” to identify changes in infant mortality at the county-level in the U.S. Thar
underlying assumption is that the recession-induced variation in county-level TSP concentrations
isexogenousto infant mortality rates. They compare cross-sectional resultsfor each year between
1978 and 1984 to apane -data, fixed-effectsmodel (infirst-differences) and show that thetraditional

cross-sectional approach can produce misleading results due to unobserved, omitted confounders.
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Using an approach that mitigates many of theseidentification problems, Greenstone and Chay find
that a1 pg/m? reductionin TSP concentration resultsin approximately 4 to 8 fewer infant deaths per
100,000 live births at the county level. Over the 1980-82 recession, they estimate that the reduction
in TSPsled to approximately 2,500 fewer infant deaths.

Currie and Neidell (2005) also examine the relationship between ambient air pollution
concentrations and infant and fetal mortality. They focus on California during the 1990s and
examine 3 different criteriaair pollutants. carbon monoxide, particulate matter, and ozone. Unlike
most other air pollution studies, Currie and Neidell dlow for correlations across pollutantsin their
effectoninfantmortality. Takingindividud datatha they aggregate up to the zip code-month level,
they estimate an approximate linear hazard model and find a significant effect of carbon monoxide
on infant mortality (although not on fetal mortality) and estimate that the significant reduction in
carbon monoxide concentrations in Caifornia saved approximately 1,000 infant lives during the
1990s.

Taking acuefrom both Greenstone and Chay (2003a, 2003b) and Currieand Neidell (2005),
we make use of the variationin TRI releases across location and time, induced by public disclosure
of toxic pollution behavior, to identify the effects of toxic pollution on health. Our maintained
assumption is that the distribution and characteristics of industries across states over time are
exogenous to infant and fetal health outcomes.

To control for potential confounding effects, weinclude arich vector of parental character-
istics, prenatal care information, and medicaid and other income transfers. We aso allow for the
possibility that other types of pollution exposure may affect health outcomes. In particular, we

include measures for particulate matter and ozone concentration. Those two criteriaair pollutants
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arealso used asa proxy for toxic air pollution concentrations that are derived from mobile sources
of pollution, asthey are highly corrdated with fuel combustion. And, unlike other studiesthat have
made use of TRI data, we construct two unigue proxy variablesthat allow usto control for theeffects
of time-varying toxic releases from non-reporting TRI facilities.
1. DATA

We combine datafrom various sourcesto construct a comprehensive set of measures at the
county-level for the period 1989-2002. Dataon pregnancy outcomes are from the National Center
for Health Statistics (NCHS). Data on toxic emissions are from the Toxic Reease Inventory,
maintained by the U. S. Environmental Protection Agency (EPA). Those two data sets are
supplemented by county level data on income, job composition, transfer payments from health and
unemployment benefit programs, and population, all from the U.S. Bureau of Economic Analysis.
Dataon land and water areaaretaken from the U.S. Census 2000 Gazetteer Files. Inthissectionwe
provide a detailed description of the primary data used in this study.

Infant and Fetal Health Outcomes Data

Our dependent variables and many important control variables are taken from infant® birth
and death records and fetal death records provided by NCHS. These records are constructed from
acensus of death and birth certificates, asrequired by law in all states. The NCHS, in cooperation
with the states and territories of the U.S., has promulgated a uniform instrument with which to
collect information on each fetal death. (Our estimate of pregnancies comesfrom adding live births
and reported fetal deaths in a given year; as such it does not include terminated pregnancies.)

Infant Data: Birth certificates contan information about parentage, in addition to

® Aninfant is defined as being an individual under one year of age.
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limited detail sabout the medical history of the mother and the specific pregnancy. Thevariablesthat
we use as controls include the reported age, education, marital status, and race of the parents,
reported tobacco and a cohol consumption; and thelevel of pre-natd careasindicated by the number
of prenatal visitsto a doctor.

We use death certificates to identify the cause of death as coded using the International
Classification of Diseases. We remove infant deaths caused by external factors (such as physical
injury) from our measures. We refer to theretained observations as “interna” infant deaths.

Fetal Data: Informationinthefetal death filesincludessome of the sameinformation
that isavailable in birth certificates, such asthe reported age, education, marital status, and race of
the parents; tobacco and al cohol consumption; and thelevel of prenatal care. Theperiod of gestation
isalsoincluded. Deaths of fetuses at lessthan 20 weeks are not well reported in the data set. Birth
certificates and fetal death records also report the county of the mother’ s residence coded using the
Federal Information Processing Standard (FIPS).

Using the individual-level data described above, we compute county-level statistics based
on the county of residence of the mother for infant death rates dueto internal causes and death rates
for fetuses with a period of gestation of more than 20 weeks. Our control variables are likewise
aggregaed to the county level, by computing averages of measures such as maternal and paternal
age, maternal years of education, and the number of prenatal visits. We also compute for each
county and year thefraction of pregnant mothersin each of thefollowing categories: white, African-
American, mothersthat smoketobacco, mothersthat consumeal cohol, and mothersthat aremarried.
The health data set, thus aggregated to the county-year level by the residence of the mother, isthen

merged with dataon toxic releases.



Toxic Reease Data

Dataontoxic releases are taken from the Toxic Release Inventory. The TRI wasintroduced
in 1986 under the Emergency Planning, Community Right To Know Act (EPCRA) and requiresthat
all manufacturing plants with ten or more full-time employees that either use or manufacture more
than a threshold level of a listed substance report their toxic releases to a publicly maintained
database. Thefirst year of reportingwas1987. Atthat time, therewere approximately 300 TRI listed
substances. 1n 1995, thislist was expanded to include 286 new substances. Today (2008), the TRI
covers 581 individually listed chemicals, 27 chemica categories, and 3 delimited categories
containing another 58 chemicals. Reporting thresholds have remained at 10,000 Ibs (annually) for
most chemicds, with the exception of 4 persstent, bio-accumulative, toxic chemical (PBT)
categories, containing 16 PBT chemicals. (See www.epa.gov/tri/lawsandregs/pbt/pbtrule.ntm.)
Because of changing threshol ds and both the addition and del etion of reporting chemicalsover time,
werestrict our andyssto the stable base set of 1988 chemicals that are not affected by subsequent
changes in reporting thresholds.*

TRI data are reported at thefacility level. Separate reports arefiled for each TRI substance
for which the facility meetsthe reporting requirements. Information is provided as to whether the
toxic pollutant isreleased on-site or transferred off-site. We restrict our reported analysisto on-site
releases, although all results are robust to theinclusion of off-site releases. Data are broken down

by medium (air, water, land, etc.), and information is provided as to whether the substance is a

* We calculate the correlations between the balanced panel of 1988 chemicals and the newer
chemicals that were added to TRI reporting requirements and find that they are low — below 23%. This
suggests that bias from not including those chemicals in our analysis should be reasonably small.
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known carcinogen. Using TRI-provided information on chemical CAS number, wefurther classify
TRI chemicals as a developmental or reproductive toxin if it is listed as such in the State of
California Safe Drinking Water and Toxic Enforcement Act. The TRI data set also provides
information on whether a chemical is ssimultaneously regulated under the Clean Air Act.

With these data we construct, for each county-year observation, the total pounds of TRI
releases net of any Clean Air Act releases by air, water, and “land” (where land is the residual
category = aggregate releases - air releases - water releases); broken down by carcinogenic, and
developmental and/or reproductive toxic emissions® (We exclude CAA chemicals from our
measures of TRI concentrations to avoid any possi bility of “double counting” because we include
measures of criteria air pollution concentrations in our models of health outcomes.) Using
geographic data from the Census 2000 Gazetteer Files, we construct a crude measure of
“concentration” by dividing total pounds of releases by land area.

Criteria Air Pollution Data

When examining the relationship between TRI releases and health, it isimportant to control
for the effect that other pollutants may have on health outcomes. Wetherefore supplement the TRI
pollution data with data on concentrations of criteriaair pollutants, asprovided by EPA’s National
Air Data Group. Those datawere extracted from recordings taken from pollution monitors |ocated
in various counties across the nation. The data set provides means, variances, medians, and higher
percentiles of concentrations observed by monitoring stations in a given day of ayear. Of these
values, we make use of the daily average concentration and the 95™ percentile concentration. In

some counties, there are multiple monitoring stations. In those cases, we use the simple average

®> Some chemical sareclassified as both carcinogenic and devel opmental and/or reproductivetoxins.
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across al monitoring stations for the daily average concentration and for the 95" percentile
concentration. Most counties, however, do not have any monitoring stations that measure all
categories of criteriaair pollution concentrations. We choose to concentrate on particul ate matter
(PM,,) and ozone (O,) because these pollutants had the least number of missing county-level
observations and because a number of studies have shown apotential link between their ambient
concentration levels and adverse health outcomes for both infants and the unborn. An additional
benefit of including PM,, and O, in our study isthat they are thought to be highly correlated with
mobile source emissions of pollution and are therefore used as controls for toxic pollution
concentrations from mobile sources of pollution.

Other Data Sources

Several county-level controls are also used in our study. Data on per capita income,
Medicaid transfers, food stamp participation, and other government supplemental income transfers
aretaken from the Bureau of Economic Analysis (BEA). The fraction of the labor force employed
in the manufacturing sector as well as county-level unemployment rates also come from the BEA.
The number of facilities by 2-digit SIC code aretaken from the County-level Business Patterns data
collected by the U.S. Census Bureal.
V. BIRTHS, DEATHS, AND ToxIc RELEASES: 1989-2002

TheTRI-internd infant death and fetal death data set, linked with county-level demographic
data, consists of 41,908 county-year observations. Between 1989 and 2002, there were over 54.3
million live birthsinthe United States, with 410,615 internal infant deaths and 381,988 fetal deaths
(post 20 weeks) recorded. More than 34.2 billion Ibs of toxic pollutants were released into the

environment by TRI reportersfrom the manufacturing sector, 28.8 billion Ibsof which wererel eased
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on-site. Of the on-site releases, 3.12 billion pounds were carcinogens (2.68 billion [bs in the form
of air releases) and 3.27 billion Ibs of which were deve opmental or reproductivetoxins(3.24 billion
Ibsin the form of air releases).

Of the 41,908 county-year observationsfor whichwe have TRI, birth and infant/fetal death
information, and county-level demographic information, only 10.8%, or 4,524 county-years, aso
have air monitoring stetionsthat collect PM,, and ozone concentrations. Thisrestricted samplethat
includes observations on (non-toxic) ambient air pollution concentrations covers 53% of the
country’ sover-all population, 57.6% of thelivebirths, 41.5% of aggregate TRI rel eases, and 39.6%
of TRI on-sitereleases, over the sample period, andisthe basis for our regression andysis.® Select
summary statistics for this restricted data set (the “regression” sample) are presented in Tables 1
through 3, and described below. The regression sample congsts of an unbalanced pand with
between 273 and 376 counties, ranging in population from 2,294 to 9,800,000.

In real terms, per capita income isincreasing in our sample, although not monotonically.
Medicaid transfers (as wdl as other income transfers) are also increasing over our sample period.
Not surprisingly, the percentageof jobsin the manufacturing sector steadily declined, from 16.48%
to 9.51%. That may be important for our study, as TRI releases come predominantly from
manuf acturing, and workers in that sector may experience additional exposure to toxic chemicds
in their workplace, which in turn may affect infant and fetal health outcomes.

With respect to parental characteristicsof possiblerelevanceto health outcomes, wenotethat

average maternal age at birth increased slightly over time. If that is due to a reduction in teenage

8 Further discussion of how these observations were chosen, and the robustness of findi ngs based
on the restri cted sample, may be found in Section VI.
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pregnancy, known to be associated with poorer health outcomesfor both thefetusesand infants, this
might lead to lower infant and fetal mortality rates. 1f, onthe other hand, it isdueto women bearing
children later in life, it might be detrimental to fetal and infant mortality. Maternal behavioral
characteristics, however, clearly point to potential improvements in fetal and infant health. The
consumption of tobacco during pregnancy fell dramatically over the 14 years covered by our study,
from ahigh of 17.55% to alow of 8.11%. The consumption of acohol during pregnancy likewise
fell between 1990 and 1999, but rose dramatically thereafter. One possible explanation for that
reversal is the appearance of studies suggesting that there were positive (or no) hedth effects, for
mother or fetus, from smal amounts of acohol consumption during pregnancy.’

Nationwide, mean county-level infant deaths from internal causes declined almost
monotonically between 1989 and 2002 from 948.9 to 660.9 deaths per 100,000 live births, or by
nearly 30%. A smaller decline (9%) was observed for fetal deaths (post 20 weeksgestation). Inour
regression sample, weobserveasimilar declinefor infant deathsfrom internal causes(approximately
29%), but a much larger decline in fetal deaths (20%) than the national trend. We note also that
internal infant mortality rates vary significantly across TRI concentrations (net of Clean Air Act
chemicds) by quartile, being significantly higher for the dirtiest TRI counties. The same pattern
holds for fetal mortality rates. (See Figures 1 through 3.)

In 1989, average county-level on-site toxic concentrations (weighted by live-births) were

approximately 3,159 Ibs/sg. mile; toxic air releases (net of CAA chemicals) made up over 63% and

" Seg, for example, the meta-analysis done by Fade, Vivian B. and Graubard, Barry; “Alcohol
Consumption during Pregnancy and Infant Birth-Weight,” Annals of Epidemiology. 4,4 (July 1994):
279-284.
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toxic water releases some 5.7% of all on-sitereleases. By 2002, average county-level on-sitetoxic
concentrations had declined 47% to 1,680 |bs/sg. mile and the contribution to releases by air and
water fell to 44% and 2%, respectively. During this same period, both carcinogenic and
developmental/reproductive toxin concentrations fell, suggesting that the most toxic of the TRI
releases participated in the observed over-all decline. It should be noted, however, that the declines
in releases (and subsequently, concentrations) have been far from monotonic. Although the annual
average changein toxic concentrationsover the sample periodisa most -4%, the standard deviation
isover 13%with changesin county-level, average annual TRI concentrationsranging between -31%
and +15%. (See Figures4 through 6.)

Incontrast to TRI concentrations, ambient air concentrationsfor ozone and particul ate matter
arereasonably stablethroughout our sample. Average county-level ozone concentrations(ppm) rose
from 0.0256 to 0.0282, whereas PM ,, concentrations (uwg/m?®) fell from 36.55t0 25.48. Thevariance
in concentrations is small, across time, across county, and within county.

V. METHODOLOGY

The approach widely used to estimate the effects of toxic pollution on health outcomes
(infant and fetal mortality) assumesthat the effects of the covariateson healthislinear and additive.®
There is growing evidence, however, that suggests significant non-linearities in the effects of
pollution on infant health. Because mis-specification of the functional form can lead to biased
estimates, we allow for a more general specification by including quadratic terms of the toxic

pollution covariates in our model.°

8 See, for example, Greenstone and Chay (2003a).
® In Section V we discuss the validity of the quadratic toxic pollution concentration term.
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We assume, then, that the true rel ationship between infant mortality and toxic pollution can
be modeled as

(1) Yit = Bl‘Xit + BZ‘Xit2 + eZit + Hint + eit
(2) eit = A’it + OLI. + Yt + uz’t’

where i indexes county and t indexes year. X, is our independent variable of interest, the
concentrations of toxic releases; Z, are a set of covariates that capture aggregate parental
characteristics; and W, are controls for other county-level characteristics.

Because geographic information in our infant birth/death data is at the county level, we
aggregateall datato the county-year level. Anordinary least squaresestimator would equally weight
large and small counties. To more accurately measure the effect of pollution oninfant mortality, we
use an estimation strategy that weights each county-observation by the number of live birthsin that
county-year. For generalized least squares (weighted by live births) to consistently estimate 3, and
B,, €, must beorthogonal to X,,. If thereare county-fixed unobservables e, time-fixed unobservables
Y., and county-time varying unobservables A, that are correlated with X, (and Y,,), €, will no longer
be orthogonal to X,. Including county-time interaction terms would be one efficient method for
correcting all such possible biasesif the data structure allowed for it. That approach isforeclosed,
however, by a constraint on the available degrees of freedom because the covariates in our model
are aggregated to the county-year level.

Whileit istherefore not possibleto correct for all sources of biasfrom county-time varying
unobservables, it is straightforward to correct for biases stemming from only county-fixed or time-

fixed unobservables. One efficient method is to use a model with time-demeaned variables to
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removethe county-level unobserved fixed effects and toincludedummy variablesto correct for bias
from the time-fixed unobservables. To do so, we take the difference between county-leve

observations at period t and mean county-level observation across all years to abtain

@ T = BX,X) + B -XP) + 0(Z,-Z) + LW, + (€,7€)

4

(4  €,€ = A, A + Y-y +u,-u,

it i it i

2 X
t xt’ etc.
T

where X, =

For consistent estimation of (3) after including time-fixed effectsto control for (y, - y) we
need to assumethat (4, - Xi) isorthogonal to (X, - )?i). Thisimpliestha the annual deviaionin

level sof pollution concentration by manufacturing plantsinaparticular county isnot correl ated with
annual deviationsin other (uncontrolled) factorsthat are correlated withinfant healthinthat county.
Sincewe control for county-fixed and time-fixed unobservabl es, these factorsare exclusively those
with significant variation across time within each county. Presumably, many of those factors are
constant acrossall countieswithin asingle sate-year. For example, changesin policy withinastate
inagiven year may affect both infant health and toxic pollution. So, to control for effects that are
neither fixed within acounty or acrosstime, but arefixed within state-time groups, weinclude state-
time variablesin our demeaned model.

If the size of the residual county-time varying unobservables that are correlated with toxic
pollutionisnot largeand thewithin state-timevariationislarge enough, we can consistently estimate
B, and B, using GLS. Table 3 presents the within state-time variation of the key variables in the

model. The within state-time standard deviation of the demeaned variable of our county-leve and
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parenta demographic characteristics is less than a fifth of the overall standard deviation in most
cases. We conclude that amodel that accounts for county-fixed and state-time interaction effects
will adequately control for unobservables that may induce bias in the GLS estimator. While the
within state-time variation is not high for county characteristics, the within state-time standard
deviation of each of our measures (in terms of county demeaned variables) of toxic pollution
concentration and the infant health statistic isat least athird of the overd| standard deviation. This
givesus confidencethat correcting for state-time interaction effects, in addition to county-fixed and
time-fixed effects, has not purged our model of the variation that would be necessary for
identification. We believe that the source of within state-time variation in the demeaned toxic
pollution concentration stems from the distribution of manufacturing industries in the counties of
astate.’® Over timewithin acounty, thereisvariationinthelevel of pollution abatement by different
industries, induced by TRI reporting and other factors exogenousto heath outcomes. Thisvariation
can be used to identify the effect of the concentration of toxic pollution of infant and fetal health.

We therefore esimate the following model in which observations are weighted by live births:

(8 Y, = BX,-X) + (X, -X2) + 0(Z,-Z) + LW, W) + §, + v,

4

where sindexesthe stateof county i. &4 are state-timeindicatorsand v;,isan orthogonal error term.

For consistent estimation of (5), weassumethat E[(X,-X)-v,] = 0 and E[(X;-X.)v,] = 0.

Intuitively, this says that the time demeaned distribution of toxic pollution from the manufacturing

19 We also test this directly by examining whether industry level dummies have any explanatory
power to predict variationsintoxic rel easesat the county-level (wherestate-year fixed effectsareincluded).
The resulting F-statistic is sufficiently large to allow for rejection of the null hypothesis at the 1%

significance level.
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sector across counties within a given stateis exogenous to variations in county characteristics that
may affect infant (fetal) mortality rates thet are not captured in &y, Z, or W,.  Since we control for
state-time interaction effects, we need only assume that the location choice of different types of
manufacturingindustries(heavy pollutersor otherwise) within astateisrandomwith respect to other

factors that might affect pre-natal or peri-natal health. This assumption will also be reasonable as

long asthevariationin (A, - )_Li)within astateislow for each year in our sample. Our maintained

assumption isthat, by controlling for state-timeinteraction effectswe have € iminated most sources
of potential bias from our model.

An examination of the correlation between the TRI release statistics and covariates, Z, and
W, indicate that the correlation between the levels of TRI pollution and most parental and county
characteristicsis low, as is the correlation with criteria air pollution concentrations (see Table 2,
panel 11). Only for Medicaid benefits and mother’ srace (black) do we observe a correlation greater
than 15% with pollution concentrations. (For the sample of large counties> 250,000in population,
post 1996, we dso find high corrdations between pollution measures and demographic
characteristicslike racial composition and percentage of children bornin wedlock. This, in and of
itself, may beimportant for issuesrelating to environmental justice and public policy.) Inany event,
the correlation measuresfor those variables that we can explicitly control for suggeststhat bias due
to A, should not be large. (A Hausman test for exogeneity may be used to test this directly.)
VI: DATA AND ECONOMETRIC ISSUES

Toxic Pollution Concentrations

Theestimating model, describedin (5), assumesthat measurementsof concentrationsof toxic
pollution at the county leve are available. Virtually no data exist, however, on toxic pollution
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concentrations as such. So, in contrast with studies on criteria air pollutants where monitoring
stations can provide concentration data, we must estimate toxic pollution concentrations for our
study.

It is widely believed that the two principle sources of toxic pollution are manufacturing
activities, and mobile sources. That is our maintained assumption.** Even with that assumption,
however, we can observe toxic releases only from TRI reporting facilities within the manufacturing
sector and not from non-reporting TRI facilities or from mobile sources of toxic pollution. Not
accounting for such factors obviously leads to aserious risk of omitted variable biasin our model.
The problem, therefore, is how to control for these unobserved contributors to toxic releases.

Toxic releases from mobile sources of pollution are generated predominantly by internal
combustion and thereforeare correl ated with non-toxic pollutantsthat are simultaneously generated
in the same process. Here, then, we proxy for their releases through observed concentrations of
PM,, and ozone, of which internal combustion is know to be a major source.

Controlling for toxic releases from non-TRI reporting sources is more complicated. Our
strategy isto construct two proxy variables for each county-year. Our first proxy variable captures
the percentage of non-reporting TRI facilities in the manufacturing sector. The second takes into

account both the number of non-reporting facilities by 2-digit SIC code in manufacturing and the

1 TRI reporting requirements after 1998 were expanded to include a small number of non-
manufacturing industries, including electric utilities and mining. We do not include these industriesin our
analysis; however, for the yearsin which we have TRI datafor them, we cal cul ate the correl ations between
releasesfrom the“ new” industries and releasesfrom the * original” industries. The correlation between the
new and original indugtriesis under 14% for all TRI release types (by media and category), so we do not

expect a significant bias from omitting these industries.
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relative dirtiness of those industries based on national annual TRI releases by reporting facilities.
The construction of these variablesis described more fully below.

Toxic Concentrations from TRl Reporting Facilities: County-level toxic pollution
concentrationsthat originate from the manufacturing sector aremeasured as pounds of toxic rel eases
per squaremile.”” Toxicrelease dataare availabl efor facilitiesi n aspecified range of manufacturing
SIC codes that have at least ten full-time employees and that either use or manufacture more than
a threshold level of aspecified toxic pollutant under the TRI. For our analysis, werestrict ourselves
to the 1988 baanced panel of both toxic pollutants and industries covered by the TRI.

Asnoted inthe datasection, the TRI providesinformation on whether thetoxic releasesare
released “on-site” or are transported “off-site.” Aggregate releases are defined as being the sum of
both on-site and off-site releases that are produced at the facility. For this paper, we report results
only for on-gte releases, although our results are robust to using aggregate TRI releases as wdll.

Toxic Concentration Proxiesfor Non-TRI Reporters. A facility ina“designated” SIC code
may be anon-reporter for several reasons. they may not have had 10 or more full-time employees,
they may have fallen below the reporting threshold, or they may simply have faled to report.
Although it is generally thought that non-reporters are small polluters, thereislittle evidence asto

what overall contribution they maketo toxic pollutionrel easeswithinacounty or to what extent they

12 An alternative approach might be to look at the exact distance between a mother’s residence
(address) and atoxic plant to obtain a possibly better measure of exposure. This approach has been taken
by some epidemiol ogists (see, for example, Choi (2004)), and is currently being explored by Janet Currie
in preliminary, unpublished work that focuses on infant health, environmental justice, and toxic pollution

exposurein New Jersey, Horida, Pennsylvania, and Texas (IHEA Conference, Summer 2007, Copenhagen).
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may be correlated with reported releases. To addressthe issue of potential omitted variable biasin
our estimation, we make use of the County Business Pattern Daa collected from the U.S. Census
Bureau to construct two separate variables that we use to control for non-reporter toxic release
concentrations.”

For thefirst variable, we determine the total number of facilitiesin operaion by county in
the manufacturing sector (SIC 20-39). From the TRI datawecal cul ate the number of TRI reporting
facilities by county and 2-digit SIC code. From these we construct avariabl ethat isthe percentage
of non-reporting facilities within a county. Within the regression sample of 4524 county-year
observations, 204 county-yearshad no reportingfacilities, and 22 county-years had no non-reporting
facilities. Overall, the average percentage of non-reporters within a county year is 92.8%, with a
standard deviation of 8.1%. Countieswith higher percentages of non-reporting facilities (abovethe
mean value) tend to be counties with much lower TRI concentrations, lower percentages of
employment in the manufacturing sector, and higher per capitaincomelevels. These counties aso
havelower rates of fetal (post 20 weeks gestation) and infant mortality — both internal and external.

Becausereleasesvary greatly both acrossindustriesand over time, and not just by the number
of facilities, we construct asecond variablethat controlsfor therelative “dirtiness’ of non-reporting
facilities, depending on the distribution of non-reporterswithin acounty over time. That isdone by
constructing an annua nationd index based on aggregating TRI data by 2-digit SIC codes and
calculating average facility-level TRI releases. For each county and year, we then take the number

of non-reporting facilitiesin each 2-digit SIC code and multiply it by a“dirtiness” index —namdy,

13 Wethank Wayne Gray for suggesting the use of this data set, which allowed usto construct these

proxy variables.
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the national “dirtiness’ rank of that 2-digit SIC code. That value is summed over al industriesin
the county in each year to construct our second control variable. Thisvariable assumesthat the rank
distribution of TRI releases by non-reporting facilities acrossindustries and time is the same as for
reportingfacilities. Toobtana“pseudo-concentration” value, wedividethe control variableby land
area. This variable will be largest for counties with many non-reporting facilities in the dirtiest
industries and smallest for counties with few non-reporting facilities in the cleanest industries.

Asacheck onthevalidity of our two variablesto proxy for the contribution of toxic releases
from non-reporting facilities, we construct the sasmetwo variablesfor reporting facilities. Wethen
regressaggregate, actual county-level TRI concentrationsonthenewly constructed control variables
and all other exogenous variablesin our health-outcome model (the first-stage regression). Given
thevery large F-statistic from thefirst-stageregression, we concludethat they arestrong insruments.
Thissuggeststhat our proxy variables may be sound controls for toxic pollution contributionsfrom
unobserved non-reporters.

Measurement Error

There are two types of measurement error we have to consider. The first is classical
measurement error that arises because we do not have “true” toxic pollution exposure or
concentration measures. Instead, we make use of toxic pollution releases that we modify into a
“concentration” measure by normalizing pounds of releases by county land area. This leads to
attenuation bias in our GL S estimates.

The second sort of measurement error of concern is non-classical measurement error that
arisesfrom using survey data. Evidencein thelabor literature showsthat errorsin survey data may

be substantial and problematic when used for estimation purposes, and the direction of any biasmay
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bedifficult to predict. Although thistypeof measurement error almost surely existsin TRI data, we
assume that TRI survey respondents are providing TRI release estimations that are based on their
best available information and, more importantly, are making those estimations independent of
county-level infant (or fetal) mortality rates. Under these conditions, the non-classi cal measurement
error in TRI releases may be described as “optimal prediction errors’ in the regressor, and no
additional bias should be introduced into the estimators from this source of measurement error (see
Hyslop and Imbens (2000)).
VII.  ESTIMATION RESULTS
Tables 4 to 6 summarize the effects of TRI concentrations on infant mortality and fetal

mortality (post 20 weeks) rates per 100,000 live births or 100,000 unterminated pregnancies from
estimating the county-level fixed-effects model describedin (5).* Infant mortality regressions are
weighted by total number of live birthsin each county and year, whereas fetal mortality regressions
are weighted by the total number of unterminated pregnancies. We report standard errors that are
robust to correlation between observations from within state groups.

Thefull regression model includes TRI concentrations and TRI concentrations squared,™ as
well as controls for parental characteristics, real per capita income, and Medicad transfers. As
described above, ar pollution concentrationsfor PM,, and ozone are included to control for mobile

sources of toxic pollution, allowing as well for the possibility of health effects caused directly by

14 Note that the 4 largest TRI concentration observationsin our data set are treated as outliers and

have been excluded from the andysis.

> Tests of significance on the level and quadratic term for the TRI concentration variables show

joint significance in all models, except where indicated.
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those pollutants; our control for the percentage of non-reporting facilities and our proxy for TRI
pollution releases (per sg. mile) from non-reporters are incdluded to account for aggregate toxic
pollution concentrations attributable to non-reporters. Hausman tests were used to test the
exogenety assumption required for (5) to yidd consistent estimators for the preferred regression;
in each specification described below, the null hypothesis of exogeneity for the TRI concentration
variables of interest could not be rejected at a5% level of significance.'®

Aggregate TRI Releases

We present the results from our estimation of the health effects of aggregate TRI
concentrationsin Table4. Thefull regression modd for infant healthis presented in column 1 with
variations on the full model presented in the following columns. The final column presents the
results for fetal health outcomes.

Fromthefull model, our estimates suggest that aggregate TRI concentrationsfrom reporting
facilitiesin the manufacturing sector, athough positive, do not have a statistically significant effect
on infant or fetal health outcomes. These results are robust to the exclusion of parental character-
istics (column 2), county-level income variables (column 3), criteria air pollution concentrations
(column 4), and non-reporting toxic concentration proxies (column 5), but are remarkably stablein
magnitude across al specifications.

Although we do not report these estimates here, we also do not find any statisticdly
significant results on infant mortality rates for PM,, or ozone concentrations, which is consistent

with the Californiaresultsin Currieand Neidell (2005) but not with Greenstone and Chay (2003a).

16 The Hausman test consists of running the regression including leads on all variables of interest

and conducting aWald test on their joint significance.
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And, asfound in earlier health-pollution studies, per capitaincome levelsand income transfersdso
do not appear to haveameasurabl e effect on infant and fetal health outcomes. We do, however, find
positiveand (sometimes) statistically significant resultsfor our two TRI non-reporter controls, which
suggests that as both the percentage of non-reporters and the number of non-reporters in dirtier
industries increases within a county, infant mortality ratesrise.™

One possible explanation for why we do not find any health effects from aggregate TRI
concentrationsis that this measure obscures important heterogeneity in health effects either across
pollution media, toxic chemical categories, or both. We turn now to these possibilities.

TRI by Air and Water and Land

Thefirst question of interest iswhether different pollution mediahave differential effectson
health. For example, infants undergo direct exposure to air pollution and their less-developed
pulmonary capacity may adversely affect their ability to deal withinhaled airbornetoxins. They may
thus be more susceptibleto air than water pollution. Fetuses, on the other hand, are exposed to both
air and water pollution only through maternal exposure. The mechanismsthrough which maternal
exposure lead to fetal exposure almost surely differ across pollution media.

In Table 5, wereport estimates based on TRI concentrations partitioned by air, water, and
“land,” where land denotes simply the residual releases once air and water releases have been
accounted for. We include quadratic terms for all TRI concentration variables. What we observe

now is that both TRI ar and water concentrations have strong, atisticdly dgnificant effects on

" There is multicollinearity between one of the proxy variables and some of the county-level
demographic characteristics which sometimes lowers the significance level, however, joint tests of
significancebetween the proxy variablesand thecounty demographic variables show statistical significance.

These findings are consistent throughout our results.
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infant, but not fetal, mortdity rates. Toxic releasesinto theland do not appear to affect either infant
or fetal mortality.

From the estimates in column 1 of Table 5, we calculate the implied county-level, annua
toxic air concentration elasticity (or, more precisely, the toxic air concentration from TRI reported
on-site releases elagticity on infant mortality), measured a the mean, as 0.03. With an annual
average declineintoxic air concentrations of approximately 9.47% per year taken over our 14 year
sample, this suggeststhat the declineintoxic air concentrations between 1989 and 2002 saved over
9,979infant lives. Similarly for water concentrations, we estimate an implied county-leve, annual
toxic water concentration elasticity, measured at the mean, of 0.004. Given an annual average
decline of 12.4% in toxic water concentrations, we estimate that the decline in toxic water
concentrationsduring our sample period led to asavings of approximately 1,716 infant lives. Taken
together, approximately 11,694 infant liveswere saved. Using avalue of statistical life of between
$1.8M and $8.7M, the cost savings would be approximately $21.05B to $101.7B. (See Table 7.)

In the medium-based partitioned regression, we continueto find no statistically significant
effectsof criteriaair pollution concentrations, per capitaincome, or transfers. And, consistent with
our findings using aggregate TRI concentrations, the coefficientson our two controlsfor non-TRI
reporter concentrations are positive and satisticaly sgnificant here, as well.

We find our coefficient estimates across various model specifications to be robust in
magnitude for toxic air concentrations, although somewhat less so for toxic water concentrations
once criteriaair pollution concentrations are no longer included in the modd. This might suggest
correlation across these variables or a sample selection bias associated with county-level

characteristics associated with having air monitoring stations for both PM,, and ozone. Another
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possible explanation is that toxic water, and possibly also land concentrations, are not as well
measured astoxic air concentrations using our methodology. If thisisthe case, the attenuation bias
may be more pronounced for these estimators.

TRI Carcinogens, Developmental, and Reproductive Toxins

Exposures to carcinogens and to developmental/reproductive toxins are thought to be
particularly hazardous to human health. Here, then, we look to see whether toxic releases that are
either known or suspected carcinogens or devel opmental/reproductive toxins, have a measurable
affect on infant and fetal mortality rates.

Because our earlier findings show that different pollution mediahave differential effectson
health, we now parse aggregate TRI releases by both media (air, water, and land) and chemical
category (carcinogenic, developmentd/reproductive, “other”), including aseparatevariablefor each
of the 9 different categories. In doing so, however, we recognize that we may not obtain statisticaly
significant results, as we lose a great ded of variation in these more narrowly defined chemical
categories by media. Regression results are summarized in Table 6.

Of toxicair releases, carcinogenic air concentrations havethe largest adverse effect oninfant
mortdl ity, whereas devel opmental/reproductive toxins do not appear to have any measurabl e effect.
With acoefficient estimate of 0.29 on thelinear term and -0.0032 on the quadratic term, theimplied
elasticity for carcinogenic air concentrations is 0.0027. The average annud reduction in
carcinogenic air concentrations during our sample period was 23.6%. Accumulaed over 14 years,
this suggests areduction in infant lives lost of 2,179, or avaluation of between $3.9B and $19B.
(See Table 7.)

Air toxins that are neither carcinogens nor developmental/reproductive toxins aso have a
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ggnificant effect oninfant mortality. Thisresult isrobust over all of our estimated specifications,
with coefficient estimates on the toxic air concentration variables remaining quite stable. We
estimate that given an annual county-level decline of 9.3% over 14 years, the reduction in non-
carcinogenic/devel opmental/reproductive toxins saved approximately 9,860 infant lives. Taken
together with the lives saved from the reduction in carcinogenic air concentrations, we estimate an
aggregate reduction in lives lost from the reduction in toxic air concentrations of approximately
12,039, valued at between $21.7B and $104.7B.

Wealsofind that concentrations of non-carcinogenic, non-devel opmental/reproductivetoxins
in water may also have an adverse effect on infant mortality, although the robustness of this result
disappearsif criteriaair pollutant concentrations are not included in our model. Thisis similar to
the pattern that we observed when we had TRI concentrations broken down only by medium, and
may suggest some important correlations across the toxic water variables and the criteria air
pollution concentration variables, sample sdection issues, or atenuation bias.

If we include criteria air pollution concentrations in our model, we find that toxic water
pollution concentrations that are not carcinogenic or devel opmental/reproductive toxins also affect
infant mortality. Thecoefficient estimatesherearesimilar to thosefound for non-carcinogenic, non-
developmental/reproductive air releases. Over the 14-year sample period, we estimate that over
1,774 infant liveswere saved from the approximately 12.2% average annual county-level declinein
toxic water concentrations.

VIIl. ADDITIONAL CHECKS FOR ROBUSTNESS
Because of the complicated nature of our data, it isimportant to ensure that our regression

resultsare not driven by spurious corrdation, outliers, or sample selection. Here, we discusssome
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of the tests for robustness that we conducted.

The most significant loss of data was due to the small number of county-year observations
for which we have PM,, and ozone concentration data. Although we believethat it is appropriae
to include these measures because (1) they may affect infant and fetal mortality rates and (2) they
proxy for toxic rel eases from non-manufacturing sources (e.g., mobile sources of pollution), were-
estimated all regressions excluding those variables (see column 4 in Tables4 through 6). Indoing
so, the total number of county-year observations that may be included in the regressions increases
from4,520t042,617. (Notethat these regressions also exclude parental characteristics and county
income information.) The coefficient estimates in these regressions are of the same sign, basic
magnitude, and general significance levd for aggregate TRI concentrations, aggregate TRI ar
concentrations, and disaggregated TRI air concentrations. Thisleads us to be confident that there
is no sample selection bias that is driving the results for these variables.

That is not necessarily the case, however, with TRI water concentrations (both in aggregate
and disaggregated form), where we find that the significance level changes with the exclusion of
mean county-level PM,, and ozone concentration levels. This may suggest that the criteria air
pollutant variable is controlling for some important omitted variable that is correlated with toxic
water releases or that thereis something unique about the larger countiesfor which we have criteria
air pollution monitoring stations that leads to a stronger health effect between toxic water pollution
and infant mortality.

There are also concerns with the accuracy of TRI reported releases in the early years of
reporting, aswell aswith the quality of theinfant birth and death filesfor small counties. Asacheck

on these potential problems, we make use of the linked birth-death records for infants that exist for
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the years 1996 through 2001. The linked birth-death files exclude all births and deaths that cannot
be linked because of low data quality. On average in a given year, over 95% of all infant death
records are linked with the corresponding birth certificate. The public use linked files contain
information on infant births and deaths for all counties with populations greater than 250,000. This
data set consists of a balanced panel of 199 counties, accounting for approximately 58% of al live
birthsinthe country (8.12 millionbirthsof 14 million, nationwide, from 1996 through 2001). Using
this much smaller and more restricted data set, our basic regression results remain robust.

We must also be concerned about the possibility of spurious correlation driving our results.
To ensure that thisisnot the case, we follow Greenstone and Chay’ s (2003a) methodol ogy and re-
estimate our model using external infant deaths as our dependent variable. External infant deaths
include those from automobile accidents, murder, and trauma— deaths that should not be related to
toxicpol lutionconcentrations. Our TRI concentration variablesshould not be statistically significant
in aregression with external infant mortality rates as the dependent variable if our results are not
driven by spurious correation. Regression results are not provided here, but are available upon
request. In dl cases, we find no statistically significant results on any of our TRI variables.

Asacheck for omitted variable bias associated with failing to control for non-time varying
fixed-effects that are not captured directly through county fixed effects, we aso compare our
regression results with those estimated using afirst-difference modd. Resultsare of the samesign
and general order of magnitude using aggregate TRI concentrations, and TRI concentrations broken
down by medium, albeit the coefficient estimates are somewhat smaller, which is not unexpected
given that, with measurement error, we would expect the attenuation bias to be exacerbated.

Thecoefficient estimates, however, differed significantly for the moredisaggregated modd .
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No conclusions can be drawn from this result, though, as the regressors in this particular first-
difference model failed to pass the exogenaty test, so the estimators are known to be biased.

Finally, as previously noted, we exclude asmall number (4) of outliersfrom our regression
analysis. Toensurerobustnessover our sample, we checked the stability of our resultsover different
outlier criteria; results are robust over al specifications.
IX. CoNCLUSION

Although the release of toxic chemicalsisnot directly regulated, the potentid health effects
could be significant. Our objective has been to study those hedth effects on two of the most
vulnerable groupsin society —infantsand the unborn.  The primary question of concern iswhether
at the current level sof toxic releasesand their corresponding level s of toxic concentrationsthereare
measurable adverse health consequences. Our andys sof the datasuggeststhat thereare potentially
large, statistically significant effects oninfant mortality rates with increasesin toxic concentrations,
which would be obscured by looking only at aggregate TRI releases because of heterogeneity in
health effects across pollution media and chemica categories. We find that infants are more
senditive to air-borne and water-borne concentrations of toxins than to landborne concentrations,
over-al, and that they are particularly vulnerable to carcinogens. Between 1989 and 2002, we
estimatethat the declinein county-level TRI concentrations in the manufacturing sector saved over
13,800 infant lives, at an estimated value of between $25B and $120B. It is important to note,
however, that the above number of lives saved may be significantly under-estimated. By
constructing proxy variables to control for toxic releases from non-TRI reporting sources, we find
statistical evidence that their contribution to toxic concentrations may dso have an adverse effect

on health outcomes.
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From a policy perspective, our findings suggests if government programs were to be
developed to encourage reductions in toxic releases, the biggest health benefits for infants would
come from policies aimed at reducing toxic air releases, in general, and carcinogens, in particular.
Our findings aso suggest that much more information should be collected from current non-
reporting facilities. Even if each non-reporting facility released a very small amount of toxic
pollution into the environment, given the sheer number of non-reportersin the manufacturing sector,
their aggregate contributionwould besignificant. Current TRI policy-makers are contemplating the
reduction of reporting requirements by TRI facilities, which would include all owing fewer facilities
to report their toxic releasesto the public. Such apolicy clearly would be detrimental to improving
our understanding of how toxic rel eases affect health outcomes.

Our results are based on crude measures of concentration and exposure and more precise
measures could help to refineour findings. Further study is needed al so to determine whether there
are specific chemicalsthat aredriving the results, or, whether it isthe general mix of chemicalsthat
are released into the environment that is doing the harm. Spatial analysis may be important to
determine whether proximity to a TRI producing facility or an* off-site” treatment facility may lead
to higher level s of adversehealth outcomes, aswell asto whether thereare* cross-border” spill-overs
—whether the border is at the zip-code, county, or state level.

Thelack of general regulatory over-sight on toxic emissionsis almost surely because of the
belief that ow levels of toxic pollution concentrations are not harmful to human health. Our results,
however, strongly suggest that the effects of exposure, even at the current levels of concentrations,

are far from benign, at least for infants under 1 year of age.
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TaABLE 1: DESCRIPTIVE STATISTICS FOR REGRESSION SAMPLE

Year 1989 1990 1991 1992 1993 1994 1995
Number of Counties in Full Sample 3138 3137 3137 3136 3139 3140 3140
Total unterminated pregnancies 4,106,988 4,227,266 4,178,607 4,140,357 4,075,704 4,023,016 3,966,182
Total live births 4,045,693 4,162,917 4,115,342 4,069,428 4,004,523 3,956,925 3,903,012
Infant deaths (external) per 100,000 live births 33.74 33.49 30.64 30.72 32.66 30.10 29.13
Infant deaths (internal) per 100,000 live births 948.89 886.81 856.55 819.23 794.73 765.17 725.31
Fetal deaths per 100,000 unterminated pregnancies 1492.46 1522.24 1514.02 1713.11 1746.47 1642.82 1592.72
Number of Counties in Regression Sample 273 302 312 329 355 365 363
Total unterminated pregnancies 2,300,939 2,507,635 2,402,515 2,411,194 2,471,157 2,456,792 2,413,694
Total live births 2,273,005 2,473,685 2,373,036 2,377,723 2,432,488 2,420,710 2,379,440
Infant deaths (external) per 100,000 live births 32.86 31.17 27.69 29.15 30.38 29.41 26.14
Infant deaths (internal) per 100,000 live births 978.88 902.06 866.02 828.61 800.09 778.57 730.59
Fetal deaths per 100,000 unterminated pregnancies 1214.03 1353.87 1227.01 1388.15 1564.81 1468.66 1419.15
Mean County-Level Characteristics
Per Capita Income (2000) 25,696.62 25,662.07 24,997.65 25,270.46 24,992.35 25,295.11 25,477.19
Medicaid Transfers (2000) 192,823.79 211,094.36 225,444.07 256,249.89 274,178.07 282,771.91 295,287.03
% of Jobs in Manufacturing Sector 16.48% 16.36% 15.78% 15.63% 15.30% 15.18% 14.88%
Land Area (sq. miles) 1344 1261 1267 1242 1241 1195 1200
Water Area (sq. miles) 114 107 101 103 108 102 99
Population 480795 463987 442367 433320 421427 420131 426843
Mean Parental and Demographic Characteristics (Weighted by Live Births)
Years of Mother’'s Education 12.44 12.42 12.41 12.45 12.49 12.54 12.61
Mother’s Age 26.58 26.70 26.71 26.84 26.94 27.03 27.14
Father's Age 29.91 29.90 29.92 30.02 30.12 30.20 30.27
% of W hite Mothers 75.11% 75.77% 76.43% 76.08% 75.68% 75.56% 76.14%
% of Black Mothers 19.65% 19.00% 18.34% 18.56% 18.84% 18.78% 18.03%
% Mother’'s Consumption of Alcohol 4.61% 3.77% 3.81% 2.77% 3.97% 3.44% 2.98%
% Mother's Consumption of Tobacco 17.55% 16.56% 15.96% 15.38% 14.29% 13.42% 12.23%
Number of Prenatal Visits 10.72 10.79 10.93 11.09 11.13 11.28 11.39
Percentage Married 69.85% 69.12% 67.92% 67.38% 66.34% 64.83% 65.73%
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Mean Infant Health Endowment (Weighted by Live Births)

Birth Weight (gms) 3326.51 3331.92 3327.62 3330.07 3321.48 3319.50 3318.56
Gestation Period (weeks) 39.10 39.07 39.03 39.03 38.95 38.93 38.92
Mean Fetal Health Endowment (Weighted by Live Births)
Birth Weight (gms) 1466.12 1415.62 1403.82 1411.81 1347.41 1338.48 1340.23
Gestation Period (weeks) 28.40 27.77 27.97 27.78 27.12 26.92 26.82
Mean Concentration Level for Pollution (Weighted by Live Births)
Ozone - 8 hr (ppm) 0.0256 0.0247 0.0259 0.0244 0.0250 0.0260 0.0269
PM10 24-hr (ug/m3) 36.55 32.94 33.30 29.25 28.76 28.87 27.68
Mean Concentration Level for TRI Releases by Manufacturing Industries (Ibs/sq. miles) (Weighted by Live Births)
Total Onsite releases 3158.573 2757.896 2488.981 2880.275 1986.141 1897.177 1635.504
Air Releases 2009.079 1597.872 1371.826 1225.091 1017.201 1013.555 866.445
Water Releases 178.965 193.387 191.788 169.109 107.978 85.582 46.736
Carcinogenic Air Releases 25.610 12.577 7.915 6.998 7.757 6.729 5.659
Carcinogenic W ater Releases 9.763 8.728 6.788 5.369 5.483 4.199 2.964
Developmental/Reproductive Air Releases 28.419 26.799 13.720 13.408 9.456 3.822 4.234
Developmental/Reproductive Water Releases 1.681 1.403 2.883 0.801 0.980 0.659 0.334
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TaABLE 1:

DESCRIPTIVE STATISTICS FOR REGRESSION SAMPLE, CONT’'D

Year 1996 1997 1998 1999 2000 2001 2002
Number of Counties in Full Sample 3139 3140 3140 3139 3140 3141 3139
Total unterminated pregnancies 3,960,037 3,948,331 4,008,630 4,027,340 4,126,955 4,085,973 4,082,657
Total live births 3,894,874 3,884,329 3,945,192 3,963,465 4,063,823 4,031,531 4,027,376
Infant deaths (external) per 100,000 live births 30.73 29.84 28.49 34.24 33.22 33.39 33.69
Infant deaths (internal) per 100,000 live births 698.69 692.27 689.80 670.27 660.46 648.76 660.90
Fetal deaths per 100,000 unterminated pregnancies 1645.52 1620.99 1582.54 1586.03 1529.75 1332.41 1354.05
Number of Counties in Regression Sample 376 374 341 289 281 283 277
Total unterminated pregnancies 2,403,439 2,320,646 2,277,093 2,064,808 1,890,658 1,910,580 1,895,966
Total live births 2,367,951 2,290,749 2,247,445 2,040,164 1,867,408 1,890,269 1,877,578
Infant deaths (external) per 100,000 live births 28.17 27.63 27.72 32.15 32.29 34.39 33.82
Infant deaths (internal) per 100,000 live births 705.25 700.43 686.91 687.05 678.43 681.91 696.48
Fetal deaths per 100,000 unterminated pregnancies 1476.55 1288.31 1302.01 1193.53 1229.73 1063.08 969.85
Mean County-Level Characteristics
Per Capita Income (2000) 25,615.16 26,163.54 27,548.15 27,726.69 28,432.88 28,260.60 27,882.85
Medicaid Transfers (2000) 293,128.75 275,592.01 303,439.31 335,439.64 327,910.65 375,998.55 394,886.84
% of Jobs in Manufacturing Sector 14.98% 14.53% 13.75% 12.73% 13.35% 10.29% 9.51%
Land Area (sq. miles) 1253 1203 1261 1402 1092 1187 1281
W ater Area (sq. miles) 98 100 103 105 94 92 91
Population 416124 413366 444356 471508 443266 454518 464706
Mean Parental and Demographic Characteristics (Weighted by Live Births)
Years of Mother’'s Education 12.62 12.69 12.74 12.68 12.79 12.78 12.78
Mother’s Age 27.17 27.24 27.32 27.19 27.25 27.30 27.37
Father's Age 30.31 30.37 30.45 30.35 30.42 30.47 30.52
% of W hite Mothers 76.27% 76.31% 76.48% 75.21% 74.90% 74.57% 75.60%
% of Black Mothers 17.81% 17.72% 17.45% 18.30% 19.13% 19.53% 18.23%
% Mother’'s Consumption of Alcohol 2.46% 2.67% 1.82% 1.37% 6.46% 4.48% 6.11%
% Mother’'s Consumption of Tobacco 11.89% 11.75% 11.97% 10.74% 9.95% 10.27% 8.11%
Number of Prenatal Visits 11.43 11.53 11.51 11.58 11.47 11.45 11.49
Percentage Married 65.56% 65.67% 65.36% 64.19% 64.13% 63.44% 63.21%
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Mean Infant Health Endowment (Weighted by Live Births)

Birth Weight (gms) 3316.79 3312.47 3313.25 3306.02 3300.48 3289.02 3283.78
Gestation Period (weeks) 38.92 38.83 38.79 38.75 38.74 38.68 38.65
Mean Fetal Health Endowment (Weighted by Live Births)
Birth Weight (gms) 1345.95 1321.22 1309.65 1278.44 1263.89 1271.86 1237.69
Gestation Period (weeks) 26.85 27.09 26.93 27.35 26.98 27.24 27.22
Mean Concentration Level for Pollution (Weighted by Live Births)
Ozone - 8 hr (ppm) 0.0265 0.0267 0.0280 0.0280 0.0266 0.0273 0.0282
PM10 24-hr (ug/m3) 26.64 26.80 26.54 27.72 26.04 25.57 25.48
Mean Concentration Level for TRI Releases by Manufacturing Industries (Ibs/sq. miles) (Weighted by Live Births)
Total Onsite releases 1634.223 1888.138 1905.801 1975.801 2154.782 1747.925 1680.158
Air Releases 822.450 825.871 812.137 820.395 784.857 756.025 736.299
Water Releases 34.725 43.519 44.344 40.260 32.640 40.489 32.594
Carcinogenic Air Releases 6.382 3.609 2.893 2.764 3.034 3.244 3.525
Carcinogenic W ater Releases 3.198 1.692 1.533 1.488 1.195 1.220 1.473
Developmental/Reproductive Air Releases 2.143 2.088 2.201 1.379 0.952 1.041 0.911
Developmental/Reproductive W ater Releases 0.181 0.206 0.266 0.238 0.542 1.363 0.218
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TABLE 2. CORRELATIONS OF TOXIC RELEASE CONCENTRATIONS WITH PARENT DEMOGRAPHICS AND COUNTY-LEVEL CONTROLS

PAaNEL |: VARIABLESIN LEVELS

Mean PM10 Mean ozone Mother’s Mother’'s Age Father’'s Age Mother’s Race:
Education W hite
Air 13.60% -11.45% -7.66% -15.02% -8.31% -31.70%
W ater 7.49% -6.39% -2.86% -9.33% -8.50% -9.28%
Land 4.91% 0.64% -3.77% -9.79% -7.75% -5.09%
Total 13.01% -4.43% -4.19% -11.78% -6.69% -15.84%
Carcinogenic Air 10.30% -5.97% -2.93% -4.37% -1.57% -8.21%
Carcinogenic W ater 2.18% -3.47% 1.25% -1.42% 0.04% -2.56%
Developmental/Reproductive Air 0.72% -4.43% 3.06% 3.68% 2.36% -1.47%
Developmental/Reproductive W ater 1.93% -1.28% -0.09% -2.47% -2.60% 0.09%
Mother’s Race: %Alcohol % Tobacco Prenatal Married Per Capita  Medicaid
Black Visits Income
Air 35.51% 0.89% -0.59% -5.35% -24.50% -0.86% 10.43%
W ater 12.03% -0.76% 5.48% -3.60% -8.26% -3.93% -0.21%
Land 6.98% -0.85% -1.39% 0.10% -3.38% -5.50% -2.14%
Total 19.62% -0.69% 3.64% -2.32% -14.65% -5.07% 7.06%
Carcinogenic Air 9.92% 3.10% 4.11% -7.38% -7.17% -1.61% 5.21%
Carcinogenic W ater 4.39% 1.40% 1.93% -1.82% -0.88% -0.29% 0.69%
Developmental/Reproductive Air 1.86% 1.07% 0.18% -3.75% 1.58% 2.89% 0.35%
Developmental/Reproductive Water 0.91% -0.82% 1.61% -1.00% 3.15% 0.00% -0.85%
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PANEL Il: DE-MEANED VARIABLES (DE-MEANED FOR STATE-TIME AND COUNTY FIXED EFFECTS)

Mean PM10 Mean ozone Mother’s Mother’'s Age Father’'s Age Mother’s Race:
Education W hite

Air 2.21% 2.42% -2.19% -7.72% -10.62% -11.67%
W ater 2.12% -0.04% -2.40% 0.58% -1.84% -3.94%
Land 1.98% 1.01% -3.36% -3.36% -2.10% 1.40%
Total 2.63% 1.52% -4.01% -4.92% -4.52% -1.48%
Carcinogenic Air 3.06% 1.55% 1.85% 5.30% -1.62% -3.69%
Carcinogenic W ater -0.17% 0.25% 0.92% 1.88% 1.68% 0.85%
Developmental/Reproductive Air -0.72% -7.36% -3.25% -7.56% -6.75% 7.20%
Developmental/Reproductive Water -0.97% -1.92% 1.02% -2.04% -4.88% 1.20%

Mother’s %Alcohol % Tobacco Prenatal Married Per Capita Medicaid

Race: Black Visits Income

Air 20.20% 0.84% 5.45% -8.03% -6.87% -4.59% -17.92%
W ater 5.59% -0.18% 1.26% -3.85% -0.04% 2.36% -2.91%
Land -1.92% 0.04% -1.15% -2.55% 0.12% -0.30% 1.08%
Total 2.95% 0.20% 0.15% -4.60% -1.35% -1.06% -3.05%
Carcinogenic Air 4.81% -0.38% 1.71% -1.95% -0.12% 4.75% -7.58%
Carcinogenic W ater 0.11% 1.31% 1.33% 5.37% 1.38% 6.19% -0.49%
Developmental/Reproductive Air -6.03% 0.03% -0.48% 4.23% -2.20% -2.96% -0.20%
Developmental/Reproductive Water -0.93% -0.53% 0.19% 2.74% 3.32% 1.45% 1.59%
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TABLE3.  WITHIN STATE-TIME VARIATION FOR SELECT VARIABLES

Variable Mean (Weighted Overall Within State-time Within State-time
By Live Births) Standard Standard Deviation Standard Deviation
Deviation of Demeaned Variable
Health Statistics
Infant deaths per 100,000 live births: 770.79 251.62 171.26 104.51
internal causes
Infant deaths per 100,000 live births: 30.05 26.61 22.81 20.10
external causes
Fetal Death per 100,000 unterminated 695.60 217.71 152.15 95.98
pregnancies
County-Level Characteristics
Per Income Capital (2000 dollars) 28563.72 7042.91 6207.70 1177.03
Medicaid Transfer (2000 dollars) 1243989.10 1960629.00 1496427.00 389867.70
% Employed in Manufacturing Industry 13.22% 5.76% 4.29% 1.55%
Parental and Demographic Characteristics
% of W hite Mothers 75.76% 16.08% 11.30% 1.11%
% of Black Mothers 18.51% 16.25% 10.45% 0.97%
% of Mothers consuming Alcohol 3.56% 7.96% 5.21% 4.83%
% of Mothers consuming Tobacco 13.05% 8.28% 6.60% 5.43%
% Married 66.04% 10.60% 8.63% 1.66%
Concentration Level of TRI Releases (Ibs/sq.mile)
Total Onsite 2141.81 6136.72 5187.64 2703.26
Air 1063.27 1876.20 1540.26 579.76
Water 92.16 427.61 376.21 252.00
Carcinogenic Air 7.26 31.75 23.23 20.38
Carcinogenic W ater 4.10 27.61 24.27 16.86
Developmental/Reproductive Air 8.33 123.23 118.71 90.02
Developmental/Reproductive Water 0.86 11.27 10.14 8.84




TABLE 4. EsTIMATED EFFECTS OF AGGREGATE TRI CONCENTRATIONS ON INFANT AND FETAL MORTALITY RATES

Variable Internal Infant Deaths Fetal Deaths
TRI Concentrations (Ibs/sqg.mile) 0.0006 0.0012 0.0018 0.0023 0.0023 -0.0013
(0.002) (0.003) (0.0028) (0.002) (0.002) (0.002)
(TRI Concentrations)? -6.99e-9 -1.17e-8 -1.80e-8 -2.24e-8 -2.23e-8 5.59e-9
(2.06e-8) (2.13e-8) (2.42e-8) (1.69e-8) (1.69e-8) (1.89e-8)
Non-Reporter Controls Y Y Y Y N Y
Mean PM,, (Mg/m?) Y Y Y N N Y
Mean Ozone (ppm) Y Y Y N N Y
County Income Controls Y Y N N N Y
Parental Characteristics Y N N N N Y
State -Year Indicators Y Y Y Y Y Y
County Fixed Effects Y Y Y Y Y Y
Observations 4520 4698 4698 42617 43124 4520
Adjusted R-squared 0.7908 0.7882 0.7858 0.4118 0.4149 0.7549

Robust standard errors in parentheses
* significant at 10%; ** significant at 5%; *** significant at 1%

Note: Internal mortality rates are per 100,000 births and fetal mortality rates are per 100,000 pregnancies. Internal infant mortality regressions are weighted by
total number of birthsin each county and year. Fetal mortality regression is for gestational period > 20 weeks and is weighted by total number of pregnanciesin
each county and year.



TABLEDS. EsTIMATED EFFECTS OF TRI CONCENTRATIONS ON INFANT AND FETAL MORTALITY RATES BY POLLUTION MEDIUM

Variable Internal Infant Deaths Fetal Deaths
TRI Air Concentrations (Ibs/sq.mile) 0.0250** 0.0269** 0.0309** 0.0214** 0.021 3*** -0.0032
(0.0111) (0.0234) (0.0131) (0.0072) (0.0072) (0.0085)
(TRI Air Concentrations)? -1.11e-6* -1.06e-6* -1.17e-6* -5.77e-7** -5.75e-7** 1.56e-7
(6.01e-7) (5.60e-7) (5.98e-7) (2.52e-7) (2.52e-7) (4.25e-7)
TRI W ater Concentrations (Ibs/sq.mile) 0.0352** 0.0480** 0.0516** 0.0111 0.0110 0.0078
(0.0156) (0.0228) (0.0240) (0.0113) (0.0112) (0.0201)
(TRI Water Concentrations)? -4.64e-6** -6.35e-06** -6.87e-6** -1.48e-7 -1.46e-7 -1.98e-6
(1.99€-6) (3.01e-6) (3.13e-6) (1.67e-7) (1.67e-7) (2.51e-6)
TRI Land Concentrations (lbs/sq.mile) -0.0022 -0.0023 -0.0023 -0.0017 -0.0017 -0.0009
(0.0023) (0.0024) (0.0024) (0.0013) (0.0014) (0.002)
(TRI Land Concentrations)? 1.92e-8 2.13e-8 2.08e-8 1.69e-8 1.68e-8 1.62e-9
(1.97e-8) (2.04e-8) (2.09e-8) (1.22e-8) (1.22e-8) (2.00e-8)
Non-Reporter Controls Y Y Y Y N Y
Mean PM,, (Mg/m?) Y Y Y N N Y
Mean Ozone (ppm) Y Y Y N N Y
County Income Controls Y Y N N N Y
Parental Characteristics Y N N N N Y
State -Year Indicators Y Y Y Y Y Y
County Fixed Effects Y Y Y Y Y Y
Observations 4520 4698 4698 42617 43124 4520
Adjusted R-squared 0.7924 0.7905 0.7888 0.4127 0.4158 0.7547

Robust standard errors in parentheses

* significant at 10%; ** significant at 5%; *** significant at 1%

Note: Internal mortality rates are per 100,000 births and fetal mortality rates are per 100,000 pregnancies. Internal infant mortality regressions are weighted by
total number of births in each county and year. Fetal mortality regression is for gestational period > 20 weeks and is weighted by total number of pregnanciesin

each county and year.
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TABLEG. ESTIMATED EFFECTS OF TRI CONCENTRATIONS ON INFANT AND FETAL MORTALITY RATES By POLLUTION CATEGORY
AND MEDIUM
Variable Internal Infant Deaths Fetal
Deaths
TRI Carcinogenic Air Concentrations (Ibs/sg.mile) 0.2942*  0.3732**  0.4572** (0.4854*** (.4828*** -0.0243
(0.1490) (0.1349) (0.1457) (0.1661) (0.1668) (0.2467)
(TRI Carcinogenic Air Concentrations)? -0.0003** -0.0004*** -0.0005*** -0.0006*** -0.0006*** 0.0003
(0.0001) (0.0001) (0.0001) (0.0002) (0.00001) (0.00025)
TRI Developmental/Reproductive Air Concentrations (Ibs/sq.mile) 0.0010 0.0055 0.01467 0.00800 0.00793 -0.04489
(0.0488) (0.0506) (0.0553) (0.0528) (0.0533) (0.0440)
(TRI Developmental/Reproductive Air Concentrations)? 1.63e-6 1.35e-6 -3.01e-8 4.58e-7 5.19e-7 1.58e-6
(9.23e-6) (0.00001) (0.00001) (0.00001) (0.00001) (8.23e-6)
TRI Residual Air Concentrations (Ibs/sq.mile) 0.0234** 0.0254** 0.0289**  0.0204*** 0.0203*** -0.00360
(0.0108) (0.0113) (0.0134) (0.0071) (0.0071) (0.00744)
(TRI Residual Air Concentrations)? -1.08e-6* -1.04e-6* -1.14e-6* -5.53e-7** -5.52e-7** 1.23e-7
(6.27e-7) (6.01e-7) (6.45e-7) (2.47e-7) (2.46e-7) (4.18e-7)
TRI Carcinogenic Water Concentrations (Ibs/sq.mile) 0.3025 0.3762 0.3555 0.6464 0.6375 -0.3772*
(0.3732) (0.5112) (0.5285) (0.5485) (0.5527) (0.2182)
(TRI Carcinogenic Water Concentrations)? -0.0007 -0.0009 -0.0008 -0.0013 -0.0013 0.00032
(0.0007) (0.0009) (0.0009) (0.0010) (0.0010) (0.0004)
TRI Developmental/Reproductive Water Concentrations (Ibs/sq.mile) -1.0739 -1.343 -1.360 -1.527**  -1.5429** -0.0257
(0.9702) (0.9907) (1.0010) (0.7567) (0.7643) (0.5372)
(TRI Developmental/Reproductive Water Concentrations)? 0.0019 0.0024 0.0024 0.0029* 0.0030* -0.0004
(0.0021) (0.0021) (0.0021) (0.0016) (0.0016) (0.0012)
TRI Residual Water Concentrations (Ibs/sq.mile) 0.0389** 0.0515** 0.0548** 0.0098 0.0098 0.0207
(0.0189) (0.0222) (0.0231) (0.0106) (0.0106) (0.0214)
(TRI Residual Water Concentrations)? -5.12e-6** -6.79e-6** -7.30e-6** -1.29e-7 -1.29e-7 -3.48e-6
(2.34e-6) (2.93e-6) (3.05e-6) (1.57e-7) (1.57e-7) (2.73e-6)
TRI Land Concentrations (lbs/sq.mile) -0.0020 -0.0021 -0.0020 -0.0013 -0.0013 -0.0009
(0.0022) (0.0023) (0.0023) (0.0014) (0.0014) (0.0021)
(TRI Land Concentrations)? 1.76e-8 1.90e-8 1.77e-8 1.34e-8 1.33e-8 5.79e-10
(1.88e-8) (1.90e-8) (1.92e-8) (1.23e-8) (1.23e-8) (2.0e-8)
Non-Reporter Controls Y Y Y Y N Y
Mean PM,, (ug/m?) Y Y Y N N Y
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Mean Ozone (ppm) Y Y Y N N Y
County Income Controls Y Y N N N Y
Parental Characteristics Y N N N N Y
State -Year Indicators Y Y Y Y Y Y
County Fixed-Effects Y Y Y Y Y Y
Observations 4520 4698 4698 42617 43124 4520
Adjusted R-squared 0.7924 0.7909 0.7894 0.4132 0.4162 0.7555

Robust standard errors in parentheses
* significant at 10%; ** significant at 5%; *** significant at 1%

Note: Internal mortality rates are per 100,000 births and fetal mortality rates are per 100,000 pregnancies. Internal infant mortality regressions are weighted by
total number of births in each county and year. Fetal mortality regression is for gestational period > 20 weeks and is weighted by total number of pregnanciesin
each county and year.

TABLE 7. ESTIMATED ELASTICITIESAND LIVES SAVED OR LOST: AVERAGE ANNUAL COUNTY-LEVEL VALUES
Variable Mean Change in Estimated Estimated Number of Lives
Concentration Elasticity Saved (Lost)

TRI Air -9.469% 0.031198 9,979
TRI W ater -12.36% 0.004109 1,716
Carcinogenic Air -23.65% 0.002728 2,179
Non-Carcinogenic, Non-Developmental/Reproductive Air -9.25% 0.031553 9,860
Non-Carcinogenic, Non-Developmental/Reproductive W ater -12.20% 0.004303 1,774

Mean Internal Deaths (per 100,000 live births) 770.7866

Total Births (000,000) 31.3
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FIGUREV
Average Concentrations by Media and Type
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