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Fetal Exposuresto Toxic Releases and Infant Health
Janet Currieand Johannes F. Schmieder”

Every year, millions of pounds of toxic chemicdisught to be linked to developmental prob-
lems in fetuses are released into the air. Yethawee only limited information about the health
effects of these releases. A 1998 EnvironmentakeBtion Agency (EPA) review found that
complete screening data about toxicity was avaléd only 7 percent of 3,000 chemicals re-
leased in large quantities in the U.S. (U.S. EF398). Even for chemicals that have been stud-
ied, there is little information about how levetaihd in the environment affect human health.
Laboratory data on toxicity may be of limited valgigen that tests are typically conducted on
animals, and do not take human behaviors (suctagisg inside on high pollution days) into
account.

Moreover, it is quite difficult to draw a relatidmp between a disease such as cancer and
toxic exposures in a particular location given tteatcer develops over a long period, and people
are mobile. In contrast, birth outcomes are likelye highly affected by conditions during the
brief interval of pregnancy (though of course tinaght also be influenced by factors affecting
the mother before conception). Hence, infant healitcomes are an ideal place to look to see if
existing environmental releases have detectablativegeffects for human health.

This study uses data from the EPA’s Toxics Reléagentory (TRI) matched to data
from national Vital Statistics Natality and Mortglifiles to examine the effects of fetal exposure
on health at birth and subsequent infant mortalixposure to toxic chemicals may be linked to

many other characteristics of families and neighbods, and to swings in economic activity.
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In an effort to identify the effect of toxic expass, we compare the estimated effects of chemi-
cals that are thought to be developmental toxicintisose which are not known to have devel-
opmental effects. We also compare the effectfugitive” air releases to the effects of “stack”
air releases. Emissions that go up a smoke st&ckore likely to be treated in some fashion
(e.g. with scrubbers), and travel further than ¢hitst do not. Hence, they should be less likely
to affect those in the immediate vicinity of thaml. Finally, we look at several of the most
common known developmental toxicants separately.

II. Data and Methods

Information about pregnancy outcomes comes fronVita Statistics Natality data. They cover
virtually all births and include information abatharacteristics of the mother, characteristics of
the child, and health at birth. Information onainf deaths is taken from Vital Statistics Mortal-
ity files. We focus on birth weight, gestationgkaand infant mortality in the first year of life,
since there is considerable variation across cesiii these outcome measures.

Data on toxic releases comes from the Environméhatection Agency’s Toxic Release
Inventory, which was created by the Emergency Rtepr€Community Right to Know Act (EP-
CRA) in 1986. EPCRA was a legislative respons¢ol1984 Bhopal disaster, in which a cloud
of deadly methyl isocyanate escaped from a Uniami@a plant and killed thousands of people.
A Union Carbide plant in West Virginia had a ses@hemical release a short time later. These
incidents added urgency to claims that communitaba “right to know” about hazardous
chemicals that were being used or produced in thelst.

EPCRA required manufacturing plants (SIC=2000 ©®33%vith more than 10 full-time
employees that either use or produce more thaslibl@ amounts of listed toxic substances to

report releases to the EPA for public disclosurants are required to file a separate form for



each substance and must identify whether the e=l@as to ground, water, or air. We focus on
air-borne releases because people living closeptard may be more likely to be exposed to
them than to water or ground releases. The prewalendar year’s toxic releases are required
to be reported by July 1. Data from the TRI aubligly available from the EPA on CD-Rom or
on the internet.

The data are quite extraordinary and clearly trat aeailable for our project.Several
studies have examined compliance to the reporégglations and data quality (see Gerald V.
Poje and Daniel M. Horowitz (1990), John Brehm daches T. Hamilton (1996), Thomas E.
Natan and Catherine G. Miller (1998), Scott de Maend James T. Hamilton (2006), and
Dinah A. Koehler and John D. Spengler (2007)). Wllilese papers point to some underreport-
ing, overall compliance was high and the decremaseported releases corresponds to changes in
plant operations and production levels.

There have been several changes in the TRI regeivesnfior reporting. In 1995, the list
of chemicals tracked was expanded; in 1998, the tydacilities required to report was ex-
panded, and in 2000, the thresholds for the rempdf chemicals that persist in the environment
were lowered and a few chemicals have been detlidfée focus on a set of chemicals and in-
dustries where reporting requirements were comgistetween 1988 and 1999 and exclude re-
leases are to off-site facilities (where the exacation is not known).

In 1999, about 23,000 facilities submitted repdescribing the releases of more than 2.3
billion pounds of toxic substances. This was hosvea decline of approximately 40 percent

from 1988 levels. There is considerable variatiothe quantities of toxic releases across coun-

! The National Air Toxics Assessment has more cotapigormation about air toxics. However, it is @ntly
available only for 1996 and 1999, and the two waaresnot strictly comparable because of changekémicals
tracked and in the dispersion models used to fatmates of the toxics present in each location.



ties of the U.S., with the southern states accagrfor a disproportionate and increasing share of
releases over time.

One common criticism of the TRI is that it trackdya subset of the many chemicals in
widespread use in the U.S. Hence, it is imposgsioknow if the overall declines in reported
releases track total releases of toxics over tond, for example, companies simply substitute
from listed to unlisted chemicals where possib¢e can however, examine the estimated ef-
fects of the most commonly released individual cicaia that are thought to affect reproductive
success or to affect fetal, infant, or child depeh@nt (developmental toxicants). Estimates of
the effects of individual chemicals are of consadde interest in their own right.

We use information from the California Office of ronmental Health Hazard Assess-
ment’s (OEHHA) to identify TRI chemicals that anedwwn developmental toxicants.  This
determination is made on the basis of the availabiéence, for example from studies of ani-
mals exposed to high levels of these substanceghtyEof the chemicals on the OEHHA list are
tracked in the TRI. This list enables us to dmtiish between developmental toxicants and other
toxic chemicals (which might, for example, be caogiens). In addition to looking at these 80
chemicals as a group, we focus on 10 importantldpaeental toxicants and divide them into
two broad classes that could be expected to hayediféerent actions in the body: Volatile or-
ganic compounds (VOCs), which generally diffuseclyi into the air, and heavy metals, which
are highly persistent in the environménturning to individual chemicals, we examine tolae
and lead, which accounts for the vast majorityhef ¥OC and heavy metal air emissions, as well

as epichlorohydrin and cadmium, which are thoughtte among the most dangerous develop-

% The heavy metals we examine are lead, cadmiumniarand mercury. The VOCs are benzene, carbaih dis
phide, dibromoethane, epichlorohydrin, ethylenalexand toluene. We chose these chemicals oreslie &f fre-
guency of releases and known toxicity.



mental chemicals. We have classified compoundisesfe chemicals together with the main

chemical.

We do not know the date of TRI releases, only th@y occurred in a particular calendar

Table 1: Meansfor Sample and Unmerged Births, and
Maximum Emissions

Merged Birth
Qutcomes & TRI Unmer ged
Gestation (weeks) 38.99 39.08
[0.305] [0.241]
Birth weight (grams) 3328.4 3345.2
[77.59] [71.86]
Low birth weight 0.0748 0.0695
(<2500 grams) [0.0235] [0.0161]
Very low birth weight 0.0137 0.0111
(<1500 grams) [0.00873] [0.00495]
Deaths per 1,000 8.111 7.822
(in 1st Year) [6.311] [3.498]
Selected Controls
Mother Age 26.79 26.07
[1.438] [1.049]
Mother Education 12.82 12.58
[0.766] [0.508]
Mother Black 0.148 0.0768
[0.158] [0.121]
Mother Hispanic 0.108 0.0682
[0.158] [0.0968]
Smoking 0.165 0.195
[0.109] [0.0550]

TRI Fugitive Air Releases in pounds per square mile

Developmental 212.4 88.59
[791.1] [893.7]
Non Developmental 840 375.4
[1993.9] [3909.3]
VOCs 200.8 83.5
[775.0] [821.3]
Toluene 176.5 69.21
[742.6] [721.7]
Epichlorohydrin 0.391 0.142
[4.319] [4.552]
Heavy Metals 1.691 0.356
[12.33] [8.648]
Lead 1.518 0.334
[11.82] [8.610]
Cadmium 0.116 0.00538
[2.273] [0.103]
# County*Year Cells 5279 19898

Notes: Standard deviations of the county meansuffier
merged birth data of the state means) in brackéagimum
values of toxic releases in parentheses.

year. This raises the question of how best
to merge the TRI data with the Natality
data, where we know the month of birth.
We focus on births in January of each year.
For these births, most of the pregnancy oc-
curred in the previous calendar year.
Because very low birth weight
births and infant deaths are rare events,
when we look at these outcomes, we ex-
pand the sample to include all births from
January to March. For all of these chil-
dren, at least six months of their time in
utero occurred in the previous calendar
year, and so they have a greater than 50
percent chance of having been exposed to
the releases reported for that year. Focus-
ing on January births has the additional ad-
vantage of controlling for any seasonality

in birth/death outcomes.

Having made these selections, we



aggregate the TRI data, the birth data, and ththdkda to the county level. Since counties are
of wildly different sizes we rescale the toxic ades by dividing them by county area. We esti-
mate models in which the outcome (gestation, bugight or the infant death rate) depends on
toxic releases and control variables obtained lgyegating the Natality data. All of our models
control for county-year level means of indicatasrhaternal age, race, ethnicity, education,
whether the mother smoked during pregnancy andrhamy cigarettes per day, whether the
mother drank during the pregnancy and the numbdrioks per day, as well as child gender.
We also control for year and county fixed effect®ider to deal with overall time trends and
differences between counties. Furthermore usiagunty Business Pattern dfatae control

for county employment as a proxy for the busings$ec Finally, we weight the regressions us-
ing the average number of births in each county thesample period and cluster standard er-
rors on the county level to control for serial ebation.

Counties with populations of less than 100,000natadentified in the Natality data.
Hence, our sample consists of relatively large tesnwhich represent about 75 percent of all
US births. Table 1 presents summary statisticbdth the merged TRI/birth sample and for
those counties which have TRI data, but have pdipukaless than 100,000 so that the county is
not identified and cannot be merged with the TRadh should therefore be kept in mind that
the results discussed below apply to a relativeban population and not necessarily to rural
counties.

I11. Results
Our main results are shown in Table 2. Table 2vshsirong evidence that within-county varia-
tions in reported toxic releases are related tannhealth outcomes: Nearly all coefficients indi-

cate a negative effect on birth outcomes and aite grecisely estimated. The only wrong

3 See http://www.census.gov/epcd/cbp/index.html



signed coefficient is the estimate of the effedieald on infant death which has a very large
standard error. Moreover, a comparison of sectibasd 3 indicates that the estimated effects
are much larger for developmental releases thandonrdevelopmental releases as one would
expect if the estimates truly reflect effects a tthemicals and not the effects of other factors
(such as economic cycles) that might be linkedrtolar variations in emissions of both types of

chemicals.

Table 2: Effects of Fugitive Air Toxic Releases on Infant Health

[1] (2] (3] [4] (5]

Gestation Birth Weight Low Birth Very Low Infant Death
(weeks) (grams) Weight Birth Weight per 1000 births
1. All Releases -0.0115 -1.458 0.398 0.0829 0.106
[0.00210] [0.342] [0.0727] [0.0377] [0.0248]
2. Developmental -0.0246 -2.845 0.861 0.229 0.248
Chemicals [0.00603] [1.097] [0.203] [0.0871] [0.0543]
3. Non Developmental -0.0146 -1.928 0.503 0.0914 0.129
Chemicals [0.00371] [0.491] [0.117] [0.0576] [0.0433]
4. Volatile Organic -0.0245 -2.837 0.874 0.235 0.247
Compounds [0.00627] [1.136] [0.202] [0.0881] [0.0556]
4.a) Toluene -0.0245 -3.19 0.977 0.25 0.276
[0.00703] [1.125] [0.191] [0.0884] [0.0509]
4.b) Epichlorohydrin -0.927 -172.6 12.57 19.65 13.81
[0.676] [73.57] [27.70] [5.628] [7.204]
5. Heavy Metals -0.879 -180 56.26 10.44 8.725
[0.475] [98.02] [37.13] [9.813] [10.55]
5.a) Lead -0.362 -78.82 16.02 3.696 -1.725
[0.269] [53.05] [10.33] [8.716] [7.394]
5.b) Cadmium -2.679 -531.5 211.7 41 45.28
[0.232] [40.24] [15.61] [3.945] [3.228]

Notes: Each coefficient is from a separate regoessPollution units are in thousand pounds peasgmile. Stan-
dard errors in brackets, clustered on county le@defficients and standard errors on LBW and VLBWItiplied
by 1000. There are 5279 observations.

Turning to types of chemicals, and estimates efeffiects of individual chemicals, Table
1 shows that toluene accounts for the 78 percetiteofugitive air emissions of developmental
chemicals we focus on, as well as 83 percent o¥/th€ fugitive air releases that we focus on.
It is not surprising then that toluene is estimatetlave negative effects which are similar in

magnitude, though slightly larger than those fbdalelopmental chemicals. The estimated ef-



fects of epichlorohydrin and heavy metals, inclgdead and cadmium are much larger. While
the estimates for heavy metals and lead are relgthoisy, epichlorohydrin and cadmium have
highly statistically significant negative effects gestation, birth weight, and the probability of
infant death.

However, taken at face value, the magnitude ofesohthe effects is small. For exam-
ple, the point estimate of the effect of toluenegestation in row 5 implies that an additional one
thousand pounds per square mile of toluene emissoa county would reduce gestation by
only 0.024 weeks. Given Table 1, this is abotia more than a one standard deviation
change. Similarly, the point estimate of the eBeafttoluene on birth weight implies a 3.2 gram
change in birth weight per thousand pound per gjomle change in emissions. The coeffi-
cients on heavy metals suggest that a two starasidtion change in lead emissions would re-
duce gestation by 0.008 weeks, and would redudie Wweight by 1.8 grams on a mean of 3,300
grams. Finally, although the estimated coeffitsean cadmium and epichlorohydrin are very
large, they reflect the fact that relatively snaatfiounts are released. A two standard deviation
change in cadmium releases would decrease geshstio12 weeks, and would decrease birth
weight by 2.4 grams, while a two standard deviatbange in epichlorohydrin would decrease
gestation by 0.01 weeks and birth weight 1.8 grams.

These modest effects on the overall means of gastand birth weight mask the fact
that there are sizeable effects on the probalafity newborn child being of low (< 2500 grams)
and very low (< 1500 grams) birth weight: a twanslard deviation change in cadmium releases
would increase the probability of low birth weidht 1.2 percent and the probability of very low

birth weight by 1.4 percent. For toluene (epicblordrin) the effect of a two standard deviation



increase in releases would be to increase theancelof low and very low birth weight by 1.9
(0.2) and 2.7 (1.5) percent respectively.

The effects of releases on infant death are of ewaigdy large magnitude. The estimated
effect of toluene on deaths implies that a twoddad deviation change in toluene emissions
would increase deaths by 0.405 on a baseline aftébdeaths per 1,000 live births, while a two
standard deviation change in cadmium would incréaseleath rate by about 5 percent. More-
over reported toluene releases decreased fromexage/of 340 pounds per square mile to about
75 pounds per square mile over the sample permdthé counties in the sample, this decrease
accounts for 3.2 percent of the overall reductiomfant mortality and translates to about 220
fewer infants deaths in 2000. Similarly the redut in lead and cadmium imply 9 and 40
fewer infant deaths. Reductions in these threenatas alone can account for about 3.9 percent
of the reduction in infant mortality during theda80s and 90s from 9.2 to 6.9 deaths per 1000
live births.

The distribution of releases is extremely skewsdsandicated by very large standard
deviations and maximum values relative to the me&ws example, the maximum release of
lead is 433.3 pounds per square mile, nearly 308githe mean. It may not be very plausible to
assume the effect to be linear over such a widgerahreleases. Our estimates may be driven
by severe effects on health from large releasegh e small number of such releases in the
sample, it is unfortunately not feasible to esterhis nonlinearity with any precision.

Table 3 shows an important specification cheés predicted, fugitive air releases have
larger negative effects than stack air releasegtanahclusion of the stack air coefficients has

essentially no impact on the fugitive air coeffitie (this holds for all specifications in Table 2,



available in the online Appendix Table 3). We vigus as additional evidence that we are
detecting an actual health effect, rather tharetfext of omitted variables correlated with emis-
sions. Presumably both fugitive and stack air sioiss vary with fluctuations in economic ac-
tivity, but fugitive air would be expected to hayeater effects on health. Indeed, the effect of
stack air emissions is sometimes positive, as dghtrexpect if they picked up the effect of up-
swings in economic activity, for example. Thisiever the case with fugitive air emissions,
which always have negative estimated effects oftthed@he contrasting patterns between fugi-
tive and stack air emissions suggest once agaiméhare underestimating the effect of fugitive
air releases on health. If positive economic coomas improve health but also increase emis-
sions in industrial areas, then the true healtbotfinight more accurately be measured by the

, N _ _ difference between the stack air
Table 3: Comparison of Effects of Fugitive and Stack Air Toxic Re-

leases 1] 2] 5] and fugitive air coefficients. As
Gestation Birth Weight Infant Death - .

(weeks) (grams) per 1000 births &N additional check we estimated

Dev. Chemicals -0.0243 -2.865 0.238 )

Fugitive Air [0.00621] [1.194] [0.05877  the model controlling for state

Dev. Chemicals -0.00064 0.0487 0.0248

Stack Air [0.00458] [0.979] [0.0674] specific time trends. The results

VOC's -0.0244 -2.87 0.239

Fugitive Air [0.00642] [1.223] [0.0598] are very similar (available in

VOC's -0.00026 0.0892 0.0218

Stack Air [0.00466] [1.012] [0.0699] Appendix Table 4).

Heavy Metals -0.867 -176.9 8.439

Fugitive Air [0.470] [96.36] [10.34] Our results are quite ro-

Heavy Metals -0.252 -64.1 5.89

Stack Air [0.375] [61.40] [4.411] bust to the exact specification

Notes: Each coefficient is from a separate regoassPollution units are
in thousand pounds per square mile. Standardseimdarackets, clus-

tered on county level. There are 5279 observations chosen. We also estimated mod-

els where we include the toxic
releases in absolute values, rather than dividathiéygounty area. This may be more appropriate

if the county area is a bad approximation for wiedtion of births in a county is actually af-
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fected by a given release. The results from thegeessions, (available in the online Appendix
Table 1), are fairly similar to our main resultsi@marked difference is that in this specification
heavy metals and lead have a very clear negatigetefn all health measures. All quantitative
predictions (such as the explained part of theades® in infant mortality) are very similar.

We also estimated models (available as Appendixelalonline) using data from De-
cember births (December to February for the rateames) to show that our results are not
driven by focusing on January births. While theseff§ tend to be slightly smaller, the overall
pattern is quite similar. The discrepancy could@because Toxic Releases may be concentrated
at the end of the year and are perhaps particutaryful at certain periods during fetal devel-
opment. Finally, we asked whether positive corretast between toxic releases could cause an
upward bias for the coefficients on the toxicsagressions that only include one toxicant. To
check for this we estimated models controllingdthof the individual chemicals simultane-
ously. This change had little impact on eitherléhels of the effects or the precision of the es-
timates.

There is good reason to view the estimates disdusseve as extreme lower bounds on
the effects of toxic releases given the measuremsues discussed above. These estimates re-
flect the mean effect over children who may havenbexposed to large doses of toxic chemicals
at critical periods, and other children who may Ima¢e been exposed at all, or who may have
been exposed at times that they were not vulnetabigury. This logic suggests that if we
could measure actual exposures delivered to péatichildren at critical periods while they
were in utero, it is likely that the estimated effewould be much larger. This is consistent with
the fact that we find relatively small effects oean birth weight and gestation but larger effects

on the more extreme outcomes of low birth weightyvow birth weight, and infant death.
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