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Abstract 
 

The Environmental Protection Agency is currently gathering data to regulate livestock 
facilities under the Clean Air Act, legislation which purports to protect public health.  To set 
rational policy, estimates of health externalities associated with livestock farming are necessary.  
This study uses geographic shifts in the industry to measure the impact of pollution on infant 
health.  The article finds that a doubling of production leads to a 7.4 percent increase in infant 
mortality.  This finding is robust with respect to the inclusion of multiple fixed and time-varying 
controls.  The mortality increases are driven by elevated levels of respiratory diseases, providing 
suggestive evidence of an air pollution mechanism. 
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Pollution and accompanying public health effects from livestock operations have been a growing 

concern for the last several decades. Most recently, concern has centered on air pollution arising 

from livestock facilities, leading the Environmental Protection Agency (EPA) to attempt to regulate 

them under the Clean Air Act (CAA).  However, no consistent air pollution emissions data exists 

for these facilities that could be used to write feasible regulations.  Recognizing this lack, in 2005 

the EPA entered into an agreement by which operations could voluntarily monitor their own air 

quality in exchange for exemption from regulation during and prior to monitoring (EPA 2005a).  

One goal of the CAA is to protect the public health, hence regulatory measures should take into 

account whether livestock facilities effect health.  As the EPA creates regulations, consideration of 

the effects of pollution externalities on health is necessary for rational policy.   

The empirical strategy employed in the article exploits spatial variation in livestock 

operations to identify the effects of the industry on measures of infant health.  This provides a 

method of discerning effects in the absence of pollution data.  Using county-level national data 

spanning two decades, the article documents a positive relationship between the concentration 

of industrial production in livestock farming and infant mortality rates, controlling for many 

observed and time-constant unobserved variables that also impact infant mortality.  I find that a 

100,000 animal unit increase in a county corresponds to 123 more deaths of infants under one 

year per 100,000 births, and 100 more deaths of infants under 28 days per 100,000 births.1 A 

doubling of production induces a 7.4 percent increase in infant mortality.  In practical terms, 

counties with increases in animal units between 1982 and 1997 experienced on average a 35 

percent gain.  This corresponds to a 2.8 percent increase in infant mortality in these counties, or 

                                                 
1
 An animal unit is a method of normalizing across animal types and represents 1,000 pounds of average live weight.  

This metric is used by the USDA and the EPA in environmental permitting because it creates equal standards for all 
animals, regardless of size and manure production.  One animal unit is equal to 250 layer chickens, 1.14 fattened cattle, 
or 2.67 breeding hogs. 
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an additional 3,500 infant deaths between 1982 and 1997.  Using the EPA’s $6.2 million value of a 

statistical life, this amounts to $21.7 billion in externality costs associated with increases in 

livestock production.2  Complementary evidence on causes of death and other health measures 

suggest that the causal effect is rooted in increasing levels of air-based pollution in the proximity 

of livestock farming operations.   

In the past 50 years, technological change and growing economies of scale were the 

impetus for a sharp decline in the number of U.S. livestock farms. At the same time, the livestock 

population in inventory has remained nearly constant (see Figures A1 and A2 in the appendix).  

The consequent rise in the average size of livestock farms has led to the industry’s status as one of 

the top polluters of rivers and streams and agricultural run-off (EPA 2000; EPA 2005b).  It has also 

evoked concern about the impact of livestock operations on surrounding populations.  In January 

2004, the American Public Health Association called for a moratorium on new livestock operations 

until more could be understood about their effects on the environment and infant health 

(Lawrence and Wallinga 2004).  Several states have temporarily halted construction of large 

livestock facilities, with some calls for a nation-wide and permanent ban, but there is almost no 

research on public health effects to inform policy decisions. 

As the primary source of variation in livestock farming, the fixed-effects estimates use 

differences over time within counties, controlling for characteristics of states in each time period.  

As noted by the EPA in the 2005 agreement, data on the pollutants most directly associated with 

livestock farms do not exist on a national basis, or for the time period of interest.  This study 

therefore employs careful reduced form analysis subject to a battery of specification tests and 

complementary analysis.  The strategy of examining changes in infant health, particularly causes 

                                                 
2
  In 2002 dollars. 
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of death associated with pollution, allows me to provide empirical evidence on the pollution 

mechanism and is therefore one of the main contributions of the research.   

There are two immediate concerns of the empirical strategy.  The first is that farms 

specifically choose to locate in areas with low and declining infant health. The literature strongly 

suggests that livestock farming’s location shifts are due to technological advances, presence of 

environmental amenities such as temperature and land availability, geographic proximity to 

markets, and state legislation (Steelman, Page, and Burton 2004; Stirm and St. Pierre 2003) rather 

than public health features.  The second concern is that livestock farms systematically move with 

another industry that affects infant health.  While lower land and labor costs may be factored into 

location decisions and may be correlated with decreased infant health, I control for a rich variety 

of time-varying observables, including per-capita income, labor characteristics, medical care 

availability and use, climate, other industries, and housing and land-use covariates in subsequent 

analyses.  While it is unlikely that livestock farming legislation is systematically correlated with 

infant health, I add state-time fixed effects to control for legislation occurring within states in 

each time period.  If anything, community members who witness poor health outcomes when a 

new livestock facility moves into the area may pressure the legislature for the farm to move out of 

the area, hence we might see correlation between lower infant health and reduced numbers of 

livestock.  Finally, the inclusion of 15 variables for the presence of other industries and 

supplementary analyses relating these other industries to livestock farming and infant health 

suggests that this livestock production is not systematically correlated with another industry that 

affects infant health. 

Research on the causes of death, effects by well-water usage, and other health outcomes 

suggest that increased infant mortality associated with livestock farming is primarily driven by air 
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rather than water pollution.  Examination of the causes of death provides a falsification test that 

the infant mortality effect is an artifact of unobserved heterogeneity.  If we believed that the 

negative health effects correlated with increased animal production were the result of 

unhealthier mothers moving to the area or giving birth, we would expect a rise in mortality from 

all causes of death.  Instead, only certain causes are affected.  Respiratory and perinatal causes 

are associated with livestock farming, suggesting an air pollution mechanism.  Moreover, greater 

effects of livestock production occur in areas with low well-water usage, suggesting less scope for 

a water pollutant mechanism.  Finally, an effect on Apgar score mirrors findings in other research 

of an effect of air pollution. 

These findings have implications for current policy discussions on the regulation of 

livestock farming.  Past federal attempts to minimize negative public health impacts of livestock 

farming have been via Clean Water Act regulations.  Recent discussions center on air quality 

impacts.  This study helps to explore whether regulatory concerns should turn more towards air 

pollution.  The article finds that the negative health effects of livestock farming are plausibly 

arising via air pollution, suggesting that more attention needs to be paid to air quality regulations 

of livestock farms if negative public health effects are to be avoided. 

Livestock Production, Pollution, and Public Health 

A confluence of factors has led to the concentration and location shifts of livestock production.  

Vertical integration coupled with technological advances has generally divorced meat production 

from heavy dependency on fixed land resources.  Disconnected from crop production, livestock 

producers have been able to locate based more strongly on market forces, thereby moving to 

where profit could be maximized and costs minimized (Abdalla, Lanyon, and Hallberg 1995; Roe, 

Irwin, and Sharp 2002).  Location decisions differ by product, but chief among the factors cited are 
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availability and quality of water supplies, availability of land for waste management, and 

geographic proximity to markets and product finishers (Abdalla, Lanyon, and Hallberg 1995; Stirm 

and St. Pierre 2003; MacDonald et al. 1999).  Environmental policies are cited as a decision factor 

only when compliance is difficult (Stirm and St. Pierre 2003; Sullivan, Vasavada, and Smith 2000).  

Factors affecting ease of compliance are type of ownership, landscape, and legislation complexity.  

Notably, labor costs are rarely mentioned as a reason for location choice. 

A concentration in the byproducts of animal production accompanies the intensification 

of livestock farming.  A large number of livestock concentrated in a small area leads to a vast 

amount of excrement in that same area.  This concentration leads to concerns over the effects of 

animal wastes on the surrounding environment and public health.   

Anxiety over pollution from livestock farms focuses on contamination of groundwater and 

air.  The main groundwater pollutants are coliform bacteria and nitrogen as nitrate.3  Coliform 

bacteria has been linked to gastroenteritis outbreaks (see, for example, Health Canada 2000).  

Ingestion of nitrate can lead to human health problems, particularly among pregnant women and 

infants.   Medical events associated with nitrate include infant methemoglobinemia, a relatively 

rare but easily undiagnosed disorder related to reduced oxygen in the blood stream, problems 

originating in the perinatal period, and spontaneous abortion.4  

Certain gases associated with livestock farming have been found to be toxic to humans, 

and to contribute to overall air pollution levels.5  The main gases in question are hydrogen sulfide 

and ammonia, which have been linked to respiratory infections in infants and respiratory distress 

                                                 
3
 For research linking concentrated animal production to groundwater contamination, see Becker et al. 2003; Mugel 

2002; CDC 1998; Gould 1995. 
4
 See Fan and Steinberg 1996 for a review; CDC 1996; Wolfe and Patz 2002.  Nitrates have also been linked to adult 

cases of bladder, stomach, ovarian, and liver cancers and adult central nervous system tumors (Wolfe and Patz 2002).   
5
 On types and level of gases emitted by livestock facilities, see Hoff et al. 2002.  These include hydrogen sulfide, 

ammonia, VOCs, and particulates.   
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syndrome (Donham 2002; CDC 1986).  Exposure in utero has been linked to perinatal disorders 

(Hannah, Hayden, and Roth, 1989) and spontaneous abortion (Merchant et al. 2002).   

Aside from hydrogen sulfide and ammonia, livestock farming has also been associated 

with air-borne particulate matter.  Because ambient particulate matter is more commonly 

measured, there are a host of studies examining its effects on health.  The epidemiologic research 

in relation to infant health generally examines correlations of pollutant exposure during 

pregnancy with birth outcome.6  Results are mixed but compelling in implicating particulate air 

pollution in infant death and perinatal effects.  More recent methodological innovations in this 

type of study use quasi-experiments to exogenously assign pollutant levels to similar groups.  

Using this type of identification strategy that controls for unobservable characteristics that may 

bias results, Chay and Greenstone (2003a and 2003b) find effects of particulate matter on 

neonatal infant mortality and Apgar score. 7   

The connection between livestock production and pollution has been well-documented, 

but the direct connection between livestock and public health is understudied.  While several 

small-scale epidemiologic studies have examined incidence and found livestock farming to 

contribute the cause, larger-scale or studies with control groups have been rare.  Only two studies 

attempt to quantify a relationship between public health outcomes and livestock farming.  Thu 

and coauthors (1997) perform a case-control study examining the physical and mental health of 

18 residents living near a large-scale swine operation, and compare these to those of 

demographically comparable controls.  The researchers find that neighbors of swine farms are 

                                                 
6
 Glinianaia SV et al. (2004) provide an overview of these studies, which show a general relationship between 

particulate matter exposure and perinatal problems as well as death.  In relation to studies on health outcomes other 
than death, pollutants are generally examined in conjunction; only studies that examine particulates in conjunction with 
sulfur dioxide show effects on birthweight (Bobak 2000, Maisonet et al. 2001, Ritz et al. 2000).   
7
 The 5-minute Apgar score is a composite of five tests given to an infant five minutes after its birth.  The five tests are 
each scored on a scale of 0 to 2, with 2 being the best outcome.  “Low birthweight” is defined as 2,499 grams or under.  
“Premature” refers to a birth that occurred after less than 37 weeks of gestation. 
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significantly more likely than controls to experience toxic or inflammatory effects on their upper 

respiratory tracts.  Wing and Wolf (2000) perform a similar study with 155 respondents; they also 

find elevated levels of respiratory effects, as well as gastrointestinal outcomes. 

Empirical Strategy 

The identification strategy employs the geographic shifting of livestock operations over the past 

two decades.  As livestock production has become more concentrated in larger farms, production 

has become more concentrated in certain areas, a trend documented by several authors (for 

example, see Kellogg 2000).  Map 1 shows the percent change from 1982 to 1997 in animal units 

by county.  While most livestock farming still occurs in the Cornbelt states in the middle of the 

country, this map reveals the growth disparity by region.   

This variation within states allows for identification of the effects of the industry while 

controlling for fixed unobservable characteristics of counties.  This uses a least-squares regression 

model of the form: 

   (1) ikt ikt ikt ik t kt iktH L ed g g g¡= + + + + +X b  

The subscripts i, k, and t refer to county, state, and period, respectively. iktH refers to the health 

outcome variable, iktL refers to the number of animal units, and iktX is a vector of observable 

regressors that vary by county and period.  ikg  is a constant term that absorbs any unobserved 

characteristics of county i in state k that do not vary over time.  tgis a constant term which 

captures unobserved events that effect all counties in period t.  ktg is a dummy variable that 

absorbs effects occurring to all counties in state k in time period t. 

The focus on reproductive and infant mortality provides a better consideration of public 

health effects than adult outcomes, which may reflect exposure that has occurred earlier in life or 
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in prior areas of residence.  Infants have had no opportunity to be exposed to livestock in 

previous time periods, and low migration rates for pregnant women and infants suggest that 

exposure occurs in the same area as the documented outcome. 

Measuring the effect of livestock production on infant health would ideally account for 

the proximity of each individual mother and infant to the production facility.  The data used here 

are on the level of the county, thus exact distances between pollution sources and those exposed 

is unavailable.  In subsequent analyses, I attempt to control for exposure by dividing the sample 

between geographically small and large counties, and by regressing health outcomes on animal 

units per square mile. 

The demographic covariates include mother’s age, mother’s age squared, race, marital 

status, and place of origin.  Birth characteristics include sex, number of prenatal visits, whether 

the birth occurred in a hospital, and month of birth.  County-level controls include per capita 

income, farm employment, physicians and hospital beds per capita, education levels, and percent 

Hispanic.  The fixed effects account for unchanging characteristics such as predisposition to illness 

and preferences for health care, including attitudes toward prenatal care.   

In the event that livestock operation movement is systematically correlated with another 

industry’s movement, and this other industry affects health, then the coefficient on livestock may 

be capturing the effects of the other industry.  While the literature makes no suggestion of a link 

between livestock farming and any other specific industry, I control for the number of 

establishments in 15 other industries.  Results of regressing livestock on these 15 other industries 

show no significant negative (positive) correlations with industries that also have significant 

negative (positive) correlations with infant mortality (see Table A2.1 in the appendix). 

Densely populated places may have more human waste per square mile of land and more 
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air pollution.  Hence, a population density variable is included in the analysis.  Housing 

characteristics may play a role in pollutant exposure, so I also include well water and septic tank 

usage variables.  A final characteristic of the built environment potentially correlated with 

livestock farming and infant health is land cost.  The average number of building permits in a time 

period proxies for this factor. 

A number of geologic and weather variables may affect the concentrations of pollution 

from animal feedlots in the ambient groundwater and air, as well as be correlated with health.  I 

control for precipitation and temperature, and the percentage of counties in cultivated cropland, 

forest, rural transportation land, and other rural land. 

The only federal regulation of livestock farms in effect between 1980 and 1999 was the 

Clean Water Act (CWA).  The CWA requires facilities above a certain size that confine livestock to 

obtain National Pollution Discharge Elimination System permits.  In order to obtain a permit, the 

facility must fulfill certain engineering requirements concerning the structure of the lagoon, and 

must observe certain limits on application of manure.  I include a variable in the analysis for 

whether or not a county has permits.   

Data  

Information on livestock numbers8 comes from a proprietary dataset created by Robert Kellogg at 

the National Resource Conservation Service (NRCS).  Dr. Kellogg created this dataset using the 

1982, 1987, 1992, and 1997 Censuses of Agriculture.  Public-use data by county from the Census 

of Agriculture is censored when it is possible to discern specific farms within county.  As livestock 

operations have become increasingly concentrated, the observations by county have been 

increasingly censored.  The data from Dr. Kellogg does not suffer from this impediment.   Type of 

                                                 
8
 “Livestock” in this study include beef, dairy, swine, and poultry.  Sheep, goats, horses, and other animal types are 

excluded. 
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animal is not available in this restricted-use data. 

Restricted-use birth and death records from the National Center for Health Statistics 

(NCHS) provide the health and mortality data for 1980 to 1999.  The NCHS’s unrestricted public-

use natality and mortality files after 1988 are censored when the birth or death occurred in a 

county with less than 100,000 inhabitants.  This amounts to a serious problem, as approximately a 

quarter of all births are censored in each year.  Because I expect the largest effects from livestock 

farming will occur in rural and therefore less populated counties, censoring such counties would 

yield a biased picture.  Hence, I use restricted-use data in which all counties are enumerated.  I 

use these data to construct a number of outcome measures including infant mortality at different 

ages, cause of death, and birth outcomes such as gestation and Apgar score.    

For the many time- and county-varying controls, I garner data from a variety of sources, 

including the National Resource Conservation Service, U.S. Census, Bureau of Economic Activity, 

National Resource Inventory, National Climactic Data Center, and the EPA’s online Envirofacts 

Data Warehouse.  The appendix provides more detail and describes data sources.  

All observations are on a county basis.  To create consistent units of time across the 

datasets and to prevent sample size reduction (particularly for the mortality rates by cause of 

death), I group the data into the following four five-year time periods, each with a Census of 

Agriculture at its middle:  1980 to 1984, 1985 to 1989, 1990 to 1994, and 1995 to 1999.  The 

appendix shows results with other time periods as the unit of analysis (Table A2.2). 

Although the combined data are rich and cover a large number of factors that might be 

correlated with livestock and affect infant health, there are potentially important factors that I am 

unable to measure.  While the natality records provide rich information on mothers and medical 

use, certain variables are still unavailable for births in all time periods.  If a certain group of people 
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with high levels of infant mortality is employed in livestock farming, and if I do not have 

information on the characteristic leading to poor health, then I run the risk of attributing the 

outcome to livestock farming instead of the characteristic.  In subsequent analyses below, I also 

examine this hypothesis using causes of death as a falsification test. 

One possibly omitted variable is access to abortion.  Suppose that people in areas with 

more livestock have less access to abortion services and that fetuses that are aborted are higher 

risk.  Women in high-livestock areas may be more likely to carry high-risk fetuses to full gestation, 

and the relationship between livestock farming and infant mortality may be due to higher-risk 

babies not being aborted.  In a county fixed effects model, this requires that abortion services 

systematically change with the presence of livestock.  Plausibly, decreased livestock farming and 

increased abortion services may be correlated with urbanization.  However, the population 

density variable should capture this effect, and exclusion of the most densely populated counties 

from analysis does not change the results.  Finally, the supposition that aborted fetuses would be 

more likely to die if born may not be tenable. 

Table 1 provides descriptive statistics for a subset of the included variables by period.9  

The table shows that approximately 97 percent of all births occurring in the contiguous United 

States are covered by the sample.10  The average number of animal units per county remains fairly 

constant over the four periods, reflecting Appendix Figure A2.  The next set of rows in Table 1 

provides means of a selected set of demographic variables.11   

                                                 
9
 The total number of counties or combined counties for which I have livestock data in each period is 2,424.  The 

reduction to around 2,300 county units is caused mostly by no births occurring in a county unit, or in a few situations a 
lack of data on covariates.   
10

 Those that are not covered by the sample occur almost entirely in the “consolidated cities” of Virginia, for which I do 
not have livestock data.   
11

 A possible source of selection bias in my sample arises because I use a population of live births, and do not include 
the results of changes in fetal death.  If presence of livestock causes damage to a fetus before birth, then this may 
increase the likelihood of miscarriage or stillbirth.  If these fetal deaths would have been more likely to die once born, 
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Results 

Table 2 shows fixed-effect regression results on the infant mortality rate (IMR) or the neonatal 

IMR.12  In order to account for possible serial correlation, disturbance terms are clustered on the 

level of the county.  Models 1 through 3 show results with different confounders in order to 

examine robustness.  Only controlling for fixed effects, an increase in 100,000 animal units in a 

county corresponds to an increase in the IMR of 1.64 and an increase in the neonatal IMR of 

1.24.13  With the addition of the time-varying covariates and state-time effects, these correlations 

drop to 1.12 and 1.03, respectively.  The addition of the 15 industry controls changes the 

coefficients only slightly, leaving a sizable and statistically significant correlation between 

livestock and infant death.14  About 80 percent of the deaths associated with livestock farming 

occur within the first 28 days of life.  With all controls, a 100,000 animal unit increase corresponds 

to 123 more infant deaths per 100,000 births.15 

A log-log regression (Appendix Table A2.3) estimates the adjusted elasticity between 

infant mortality and provides a robustness check with respect to functional form.  In Model III, a 

one hundred percent increase in the number of animal units corresponds to a 7.4 percent 

increase in the infant mortality rate.16   

How Does Proximity Affect Outcomes? 

                                                                                                                                                    
then excluding fetal deaths from the sample means that estimates of infant mortality associated with livestock are 
understated.   
12

 The IMR is defined as the number of deaths under one year of age per 1,000 births.  The neonatal mortality rate is the 
number of deaths under 28 days per 1,000 births.  These are both period (rather than cohort) measures. 
13

 This corresponds to 164 additional deaths under one year of age per 100,000 births, and 124 additional deaths under 
28 days per 100,000 births. 
14

 The cross-sectional estimates range from .024 to .497 as an effect of animal units on infant mortality.  In all periods 
except the third the effects are highly significant.  This under-estimation in the cross-sections is to be expected if there 
are fixed characteristics of an area that are negatively correlated with livestock and infant health.   
15

 Cigarette smoking and alcohol use during pregnancy are only systematically recorded on the natality records 
beginning in 1989.  Hence, I cannot use these two covariates in regressions using the full 1980-1999 sample.  
Regressions of animal units on cigarette smoking and alcohol use during Period 3 and 4 show no significant correlation.   
16

 Results for different time period ranges (in the appendix) show even stronger results. 
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Two analyses help elucidate the effects of proximity of the mother or infant to the livestock 

operation.  Controlling for distance between the polluting facility and the infant or mother is 

impossible with the data I have.  However, the size of a county should provide an indication of 

proximity, as infants subject to health consequences of livestock are more likely to live closer to 

the animal feeding operations in geographically smaller counties than in larger ones.  Results of 

dividing the sample by geographic size (Appendix Table A2.4) are not precisely estimated but 

suggest that small counties have an effect of animal units that is nearly four times the size of the 

effect in the overall sample.  Large counties have a smaller effect.  This suggests that the closer a 

person is to a livestock operation, the more probable the negative health effect.   

 A second method of controlling for proximity is regression of health outcomes on animal 

units per square mile.  Results (Appendix Table A2.5) show that in the most restricted regression, 

a 100-animal unit increase in animal units per square mile significantly correlates with 2.0 more 

infant deaths per 1,000 births.  Thus regardless of performing the analyses with number of animal 

units or the number of animal units per square mile, the result in terms of number of excess 

deaths is the same. 

Does Water or Air Pollution Provide the Mechanism? 

Given a lack of pollution data that would correspond in scale and time period to the results 

presented above, I examine the relationship between pollution and health outcomes using the 

data on livestock operations and health.  First, I examine whether health effects vary by well-

water usage.  Second, I examine livestock’s effect on causes of death associated with pollution.  

Third, I examine other health outcomes that have been related to pollution. 

Water from individual wells is more likely to be contaminated by livestock farming 

byproducts than is water in a “city” system because individual wells are generally not subject to 
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regulations, unlike city-wide systems.  If livestock production was associated with water pollution, 

and this was the source of increased infant mortality, then counties with higher well usage would 

see greater negative effects from livestock.  To test this premise, I interact animal units with low, 

medium, and high well usage.17  Table 3 shows that high well-water usage counties are less likely 

to have an effect from livestock on infant mortality than low well-water usage counties, 

suggesting that water pollution does not provide the mechanism.   

A second method of investigating whether the increased infant deaths associated with 

livestock farming could be related to pollution is to examine the causes of death associated with 

livestock farming.  If causes of death that have been shown to be related to pollution are also 

related to livestock farming, this provides evidence for a link between livestock farming and worse 

public health outcomes.  Table 4 provides mean infant mortality rates by cause of death and a 

summary of results of regressing the infant mortality rate from selected causes of death18 on the 

number of animal units.  These regressions follow the same specification as those described in 

Models 1 through 3 above.   

Certain causes of death are extremely unlikely (as evidenced by the means in the first 

column of Table 4), and thus it is difficult to discern statistical significance of livestock’s effects on 

these.  We would expect the more common causes of death to have more variance across 

counties, allowing us greater possibility for identification of effects.  The first two rows of this 

table provide the results for two relatively common causes of death that we would not expect to 

be correlated with livestock farming.  These include chromosomal anomalies and accidents and 

                                                 
17

 These levels are set according to the 33
rd

 and 67
th

 percentiles of the well usage distribution.  One-third of counties 
have 18% or fewer houses with well water, another third has between 18% and 37% with well water, and the final third 
of all counties has more than 37% of homes with well water.  
18

 The IMR from a specific cause of death is defined as the number of deaths attributed to the cause per 1,000 births. 
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homicides.19  While the mean mortality rates from causes of death are relatively high, we see that 

livestock are not significantly correlated with either of these.  The third through fifth rows 

examine possible causes of death associated with water pollution.  Consumption of fecal coliform, 

linked to livestock farms, gives rise to bacterial and intestinal infections like gastroenteritis. I find 

no significant relationship between gastritis or intestinal infections and number of animal units, 

although the rates of these causes of death are low enough to inhibit identification of effects.  The 

fifth row shows the relationship between diseases of the blood and blood forming organs and 

livestock, which is the cause of death associated with methemoglobinemia (associated with 

nitrate-contaminated water).  While positive, the relationship is not significant, although again 

the mean rate is extremely low.  The next three rows show causes of death that we might believe 

are associated with air pollution arising from livestock farming.  The only one of the three that has 

a relatively higher mean rate is also strongly and positively correlated with livestock.  The final 

four rows of the table show causes of death that could be related to air or groundwater pollution, 

or some other element for which I have not accounted.  These are also much more common 

causes of infant mortality.   These rows show that livestock are positively and significantly 

correlated with infections and conditions arising in the perinatal period.   This table suggests that 

the causes of death most associated with livestock farming are predominantly respiratory distress 

syndrome or conditions arising in the perinatal period.  This suggests that livestock farming may 

also be associated with pre-birth damage to the fetus.  The relatively weak correlation with 

congenital anomalies supports the conclusion of fetal interference. 

Examination of different causes of death also provides a falsification test as to whether 

livestock production is the cause of elevated infant mortality.  While I control for a variety of 

                                                 
19

  While children above the age of one who live on farms are also twice as likely as their urban counterparts to die from 
accidents (Webster and Mariger 1999), this difference does not apply to infants. 
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demographic, socio-economic, and fixed characteristics in prior analyses, some omitted variable 

correlated with livestock production may be the driving the positive correlation, rather than 

animal operations themselves.  If this were the case, then we might expect to see a rise in 

mortality from all causes of death as livestock operations grow, particularly the more common 

causes of death.  Instead, only certain causes are affected, providing evidence that the effects are 

the result of livestock production, not a changing health distribution due to underlying population 

composition changes.   

As a final examination of the pollution-livestock-health link, I investigate other measures 

of reproductive health, including birthweight, prematurity, and five-minute Apgar score, to 

elucidate whether negative effects of feedlots are occurring before or after birth.  Table 5 shows 

that the only statistically significant coefficient is on Apgar score; a 100,000 animal unit increase 

correlates to a 0.06 decrease in the average Apgar score at a 10% level of significance.  These 

results are robust with respect to model specification.20   

In summary, livestock farming is strongly correlated with infant mortality.  This finding is 

robust with respect to inclusion of covariates and specification changes.  Most of this effect 

occurs within the first 28 days of life, with causes of death relating to respiratory distress 

syndrome and perinatal conditions.  The other significant effect on other markers of infant health 

is on Apgar score.  This correlation with infant mortality and Apgar score but not birthweight is 

not surprising given evidence from Almond, Chay, and Lee (2002) showing Apgar score to be a 

better predictor of infant death than birthweight.  These findings suggest systematic negative 

                                                 
20

 In a study of twin births Almond et al. (2002) find that smoking during pregnancy is associated with lower Apgar 
score.  As noted above, cigarette smoking during pregnancy is only systematically recorded on the natality records 
beginning in 1989.  Hence, I cannot control for smoking during pregnancy in the full 1980-1999 sample.  To check 
whether this might be contaminating the correlation between animal units and Apgar score, I regress Apgar score on 
number of animal units using Period 3 and 4, including percent of mothers who smoke in a county as a covariate.  
Inclusion of these variables does not change the estimated coefficient on number of animal units.   
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public health effects associated with livestock farming.   

The effects relating to neonatal mortality, perinatal causes of death, and Apgar score 

suggest that the animal units are also associated with pre-birth damage to the fetus, although 

other outcomes associated with pre-birth damage are not correlated with livestock farming.   

Viewing the results together suggest a pollution mechanism arising from air rather than 

water.  The effects on specific causes of death but other (particularly more common) ones 

provides evidence against a theory of worse health mothers moving in tandem with livestock and 

towards a pollution mechanism. The effect on Apgar score and the implicated causes of death 

coupled with the larger effects in areas of low well-water usage point toward air-borne pollution. 

Discussion of Results and Policy Implications 

This article demonstrates a strong positive relationship between livestock farming and infant 

mortality.  Animal production appears to damage the fetus as evidenced by higher rates of 

neonatal infant mortality, causes of death related to problems in the perinatal period, and 

lowered Apgar score.  A 100,000 animal unit increase corresponds to 123 more deaths per 

100,000 births.  The 2.3 percent increase in infant mortality in counties with increased livestock 

presence can be compared to the 8.5 percent decrease in infant mortality brought on by Medicaid 

expansions found by Currie and Gruber (1996).  In terms of percentage of GDP, offsetting the 2.3 

percent increase associated with livestock would require 0.11% of GDP.21 

The results of this article suggest that the mechanism by which this effect operates may 

be increased air pollution.  Careful monitoring of groundwater and air pollutants near livestock 

farms will be necessary to form an accurate picture of their effect on public health.  

                                                 
21

 This number is calculated in the following manner:  Currie and Gruber (1996) found an 8.5% decline in infant 
mortality based on the Medicaid expansions between 1970 and 1990, when Medicaid spending grew from 0.3% to 0.7% 
of GDP (CBO 2002).  Thus a 0.4% increase in GDP led to an 8.5% decline in infant mortality.  To offset a 2.3% increase in 
infant mortality would therefore require 27% of 0.4%, or 0.11% of GDP. 
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Unfortunately, existing air and water quality data are poorly suited for this purpose; an important 

use of resources would be to improve data quality. 

The results of this analysis show that the new legislative efforts to regulate large-scale 

livestock farms under the Clean Air Act (CAA) are appropriate.  While the EPA is correct in stating 

that the current data on air pollution from livestock operations is inadequate for generating 

regulations, exempting large animal feeding operations from Clean Air Act regulations may be 

inadvisable if the EPA wishes to uphold the CAA’s aim of protecting public health. 
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Table 1:  Sample Statistics, by Period 

      Period 1 Period 2 Period 3 Period 4 

    All Periods 1980-1984 1985-1989 1990-1994 1995-1999 

Number of counties or combined counties 9,223 2,300 2,303 2,303 2,317 

Total births in sample 74,422,510 17,480,722 18,545,151 19,525,687 18,870,950 

Total births in U.S.*  76,470,652 17,930,501 19,071,312 20,075,545 19,393,294 

% of births covered by data 97% 97% 97% 97% 97% 

Fatalities per 1,000 live births           

 At 1 month 6.0 7.6 6.4 5.4 4.8 

  (3.3) (3.9) (6.4) (1.7) (1.5) 

 At 1 year 9.3 11.5 10.0 8.5 7.2 

  (4.4) (5.1) (5.8) (2.3) (2.1) 

Mean county-level variables           

 Number of animal units 39,674 40,522 38,690 39,046 40,432 

  (48,835) (45,659) (46,516) (48,422) (54,250) 

 % houses with well-water 0.308 0.319 0.311 0.304 0.297 

  (0.196) (0.181) (0.187) (0.199) (.214) 

 % houses with septic tank 0.063 0.168 0.040 0.025 0.018 

  (0.080) (0.086) (0.041) (0.029) (0.027) 

Mean demographic and socio-economic characteristics           

 % married mothers 0.734 0.805 0.758 0.701 0.678 

  (0.102) (0.083) (0.088) (0.096) (0.089) 

 % white 0.804 0.817 0.806 0.796 0.800 

  (0.150) (0.149) (0.149) (0.152) (0.148) 

 Age of mother 26.3 25.3 26.1 26.6 27.0 

  (1.3) (0.91) (1.07) (1.25) (1.44) 

 Number of prenatal visits 10.5 9.4 9.8 11.2 11.6 

  (2.4) (3.2) (2.9) (2.3) (2.1) 

 % Hispanic in county 0.033 0.027 0.029 0.034 0.042 

  (0.081) (0.075) (0.079)  (0.083)  (0.088)  

 % of county with less than high school education 0.308 0.364  0.321  0.285 0.262 

  (0.102) (0.106)  (0.097)  (0.090)  (0.083) 

 % of county with just high school education 0.357  0.372 0.359 0.350 0.348 

  (0.059) (0.062) (0.057)   (0.057) (0.056)  

 % of county with some college 0.216  0.160  0.206 0.240  0.257 

  (0.068) (0.052)  (0.058) (0.061) (0.059)  

 % of county with college degree or above 0.119 0 .104 0.115 0.125 0.134 

  (0.052) (0.043) (0.049) (0.053) (.056)  

Mean infant health variables           

 Birthweight (grams) 3,339 3,346 3,348 3,338 3,323 

  (63) (63) (63) (63) (61) 

 % low birthweight (<2500 grams) 0.070 0.067 0.068 0.071 0.074 

  (0.015) (0.014) (0.014) (0.015) (0.014) 

 Mean Apgar score 8.9 9.0 8.9 8.9 8.9 

  (0.21) (0.28) (0.22) (0.17) (0.15) 

 % premature (<37 weeks of gestation) 0.101 0.086 0.097 0.107 0.112 

    (0.022) (0.019) (0.020) (0.020) (0.018) 

*Excluding Hawaii, Alaska, and D.C.      
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Table 2:  Fixed Effect Regressions of Infant Mortality Rates on Number of Animal Units 

  Dependent Variable 

  Model I 
Model 

III 
Model 

III Model I Model III Model III 

  IMR IMR IMR 
Neonatal 

IMR 
Neonatal 

IMR 
Neonatal 

IMR 

Number of animal units (100,000) 1.641 1.116 1.232 1.242 1.034 1.005 

 (0.382)* (0.497)* (0.485)* (0.307)* (0.400)* (0.387)* 

Average # prenatal visits  0.157 0.088  0.079 0.045 

  (0.099) (0.106)  (0.077) (0.084) 

Log of per capita income  -6.402 -6.096  -4.461 -4.359 

  (2.741)* (2.517)*  (2.060)* (1.927)* 

Physicians per capita (1000)  -3.877 -3.747  -3.003 -2.926 

  (1.124)* (1.187)*  (0.823)* (0.869)* 

Farm employment (/1000)  0.630 0.465  0.474 0.347 

  (0.241)* (0.229)*  (0.212)* (0.213) 

Population density (/1000)  -1.610 -3.099  -1.060 -2.108 

  (1.003) (1.141)*  (0.729) (0.869)* 

% of homes with septic tank  -1.659 -1.100  -1.849 -1.624 

  (1.920) (1.902)  (1.679) (1.683) 

% of homes with well water  -7.354 -7.509  -5.734 -5.820 

  (2.196)* (2.148)*  (1.721)* (1.701)* 

Demographic controls?
a
 N Y Y N Y Y 

Controls for month of birth? N Y Y N Y Y 

Other medical use controls?
b
 N Y Y N Y Y 

Land use covariates?
c
 N Y Y N Y Y 

Precipitation and temperature 
covariates? N Y Y N Y Y 

CWA permits and building 
permits covariates? N Y Y N Y Y 

Other industry levels?
d
 N N Y N N Y 

Period fixed effects? Y Y Y Y Y Y 

County fixed effects? Y Y Y Y Y Y 

State*time controls? N Y Y N Y Y 

R2 0.675 0.751 0.759 0.659 0.738 0.746 

N 9,208 9,134 9,012 9,223 9,149 9,027 

Notes:  Observations weighted by number of births.  Robust standard errors shown in parentheses.  
Standard errors clustered by county.  * refers to significance at the 5% level. 
a
Refers to controls for county education levels, percentage of county that is Hispanic, percentage of 

mothers that are foreign-born, mother's race,  mother's marital status, mother's age, and mother's age 
squared. 
b
Refers to hospital beds per capita and percent of births occurring in hospitals. 

c
Refers to percentages of county in cultivated cropland, forest, rural transportation land, and other rural 

land. 
d
Refers to the number of establishments for 15 different industries; for listing see appendix.  
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Table 3:  Fixed Effect Regressions of Infant Mortality Rate on Number of Animal Units, by Level of Well Water Usage of 
County 

Dependent variable: Infant Mortality Rate       

 Model 

  (I) (II) (III) 

Number of animal units*Indicator for low well usage 1.994 1.311 1.572 

 (0.502)* (0.655)* (0.632)* 

Number of animal units*Indicator for medium well usage 1.045 0.896 0.984 

 (0.371)* (0.434)* (0.450)* 

Number of animal units*Indicator for high well usage 0.749 0.903 0.857 

 (0.463) (0.495)* (0.501)* 

Demographic and socio-economic controls?
a
 N Y Y 

Housing controls?
b
 N Y Y 

Land use, precipitation, temperature, and permit covariates?
c
 N Y Y 

Other industry levels?
d
 N N Y 

County fixed effects? Y Y Y 

Period fixed effects? Y Y Y 

State*period controls? N Y Y 

R-squared 0.675 0.751 0.759 

Observations 9,208 9,134 9,012 

Notes:  Observations weighted by number of births.  Robust standard errors shown in parentheses.  Standard errors clustered 
by county.  * refers to significance at the 5% level. 
a
Refers to average number of prenatal visits, physicians per capita, hospital beds per capita, percent of births occurring in 

hospitals, log of per capita income, farm employment, population density, controls for county education levels, percentage of 
county that is Hispanic, percentage of mothers that are foreign-born, mother's race,  mother's marital status, mother's age, 
mother's age squared, and month of birth. 
b
Refers to percentage of county with well water and percentage with septic tank. 

c
Refers to mean county temperature, mean county precipitation, existence of Clean Water Act permit in county, number of 

average annual building permits, cultivated cropland, forest, rural transportation land, and other rural land. 
d
Refers to the number of establishments for 15 different industries; for listing see appendix.  
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Table 4:  Causes of infant death associated with livestock 

IMR from cause of death (Dependent variable) 

Mean 
Number of 
Deaths per 
1000 Births 
by County 

Coefficient on animal units 
(100,000) 

Model I 
Model 

II Model III 

Chromosomal anomalies 0.226 0.013 -0.006 0.011 
 (0.181) (0.014) (0.020) (0.021) 

Accidents and homicides 0.305 0.030 0.012 0.024 
  (0.249) (0.028) (0.024) (0.030) 

Gastritis, duodenitis, and noninfective enteritis and colitis 0.028 0.009 0.005 0.003 
 (0.061) (0.006) (0.006) (0.007) 

Certain intestinal infections 0.037 0.008 0.006 -0.001 
  (0.064) (0.009) (0.008) (0.008) 

Diseases of blood and blood-forming organs 0.022 0.007 0.002 0.004 

  (0.047) (0.006) (0.007) (0.008) 

Acute upper respiratory infections 0.010 0.005 0.019 0.029 
 (0.057) (0.012) (0.014) (0.018) 

Bronchitis and bronchiolitis 0.027 -0.005 -0.012 -0.004 
 (0.064) (0.009) (0.010) (0.010) 

Respiratory distress syndrome 0.702 0.290 0.222 0.150 
  (0.716) (0.080)* (0.104)* (0.098) 

Infections specific to the perinatal period 0.220 0.051 0.060 0.052 

 (0.213) (0.021)* (0.023)* (0.024)* 

Certain conditions originating in the perinatal period 3.367 0.529 0.488 0.514 
 (1.930) (0.143)* (0.177)* (0.195)* 

Symptoms, signs, and ill-defined conditions 1.408 0.179 -0.009 0.001 
 (0.725) (0.080)* (0.080) (0.082) 

Congenital anomalies (excluding chromosomal anomalies) 1.756 0.411 0.288 0.323 
  (1.093) (0.122)* (0.175)* (0.159)* 

Demographic and socio-economic controls?
a
   N Y Y 

Housing controls?
b
  N Y Y 

Land use, precipitation, temperature, and permit covariates?
c
 N Y Y 

Other industry levels?
d
  N N Y 

County fixed effects?  Y Y Y 

Period fixed effects?  Y Y Y 

State*period controls?   N Y Y 

Notes:  For means, standard deviations shown in parentheses.  Results of 39 regressions shown.  An example of 
interpretation is in Model I, a 100,000 animal unit increase in a county corresponds to .013 more infant deaths under 
one year per 1,000 births from chromosomal anomalies.  For regression results, robust standard errors clustered by 
county are shown in parentheses. 
a
Refers to average number of prenatal visits, physicians per capita, hospital beds per capita, percent of births 

occurring in hospitals, log of per capita income, farm employment, population density, controls for county education 
levels, percentage of county that is Hispanic, percentage of mothers that are foreign-born, mother's race,  mother's 
marital status, mother's age, mother's age squared, and month of birth. 
b
Refers to percentage of county with well water and percentage with septic tank. 

c
Refers to mean county temperature, mean county precipitation, existence of Clean Water Act permit in county, 

number of average annual building permits, cultivated cropland, forest, rural transportation land, and other rural land. 
d
Refers to the number of establishments for 15 different industries; for listing see appendix.  
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Table 5:  Fixed Effect Regressions of Other Infant Health Measures on Number of Animal Units 

  Dependent Variable 

  
Birthweight 

(grams) 

% births that 
were low 

birthweight 
(*100) 

Five-minute 
Apgar score 

% births that were 
premature (*100) 

Number of animal units (100,000) 1.628 -0.023 -0.060 0.016 

 (2.739) (0.067) (0.031)* (0.106) 

Demographic and socio-economic controls?
a
 Y Y Y Y 

Housing controls?
b
 Y Y Y Y 

Land use, precipitation, temperature, and 
permit covariates?

c
 Y Y Y Y 

Other industry levels?
d
     

County fixed effects? Y Y Y Y 

Period fixed effects? Y Y Y Y 

State*period controls? Y Y Y Y 

R-squared 0.970 0.955 0.766 0.950 

Observations 9,027 9,027 8,969 9,027 

Notes:  Model III in previous analyses.  Observations weighted by number of births in the county.  Robust standard errors 
shown in parentheses.  Standard errors clustered by county. * refers to significance at the 10% level. 
a
Refers to average number of prenatal visits, physicians per capita, hospital beds per capita, percent of births occurring in 

hospitals, log of per capita income, farm employment, population density, controls for county education levels, percentage 
of county that is Hispanic, percentage of mothers that are foreign-born, mother's race,  mother's marital status, mother's 
age, mother's age squared, and month of birth. 
b
Refers to percentage of county with well water and percentage with septic tank. 

c
Refers to mean county temperature, mean county precipitation, existence of Clean Water Act permit in county, number of 

average annual building permits, cultivated cropland, forest, rural transportation land, and other rural land. 
d
Refers to the number of establishments for 15 different industries; for listing see appendix.  

  
 
 
 
 


