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Abstract

Background: Over the last several decades, large livestock industrial farms, also known as
concentrated animal feeding operations (CAFOs), have increasingly replaced small farms. The
change in agricultural practices from smaller farms to large-scale farming operations has increased
both the quantity and concentration of airborne particulates associated with livestock farming.
Multiple sources, including particulate matter from the increased volume of vehicle traffic, manure,
and dust from animal housing facilities, all contribute to changes in air quality. The public health
implications of this large shift in agricultural practice, while more efficient for meat production, may
have unintended public health risks. It has been well documented that workers of CAFOs, including
veterinarians, have excessive respiratory symptoms. However, few studies have investigated
whether individuals living in close proximity to CAFOs are also at increased risk for respiratory

ailments.

Objective: This study investigates the association between residential proximity to CAFOs and
allergies, asthma, and lung function among adults and children cross-sectionally. Additionally, a
relative exposure metric is used to estimate the additive exposure from CAFO air emissions near
children’s home and school, taking into account CAFO size, distance, wind direction and wind

speed.

Methods: This study uses data from the Survey of Health of Wisconsin, a unique statewide health
survey which gathers both objective and subjective health data. Multivariate logistic and linear
regression are used to analyze all relationships. Restricted cubic splines are used to account for

nonlinear relationships in regression models.



Vii

Results: This study found a higher prevalence of wheezing, asthma, asthma medication use, and
asthma attacks among both children and adults living in close proximity to a CAFO. Evidence from
this study suggests that CAFOs may be an important source of air pollution which may affect the

respiratory health of both adults and children who live and attend school near CAFOs.

Conclusion: These findings support the need for future research which refines the measurement of
exposure to CAFO air emissions and considers collection of antibiotic and microbiome data from
both the facility and nearby residents themselves. Findings from this study, in addition to prior and
future studies, are important to strengthen our understanding of how exposure to livestock my affect
respiratory health. While this study does not provide conclusive evidence by which to drive policy
changes, it begins to build the foundation of research necessary to inform future decision-making

around CAFOs and their potential effects on public health.



Chapter 1. Introduction

1.1 Overview

The U.S. Department of Agriculture (USDA) and the U.S. Environmental Protection Agency
(EPA) estimates show a greater than fivefold increase in the number of concentrated animal feeding
operations (CAFOs) from 1982 to 2012.!% A farm where a 100 head of cattle graze grassy pastures
and provide natural fertilization has transformed into a CAFO of 700+ head of cattle, confined in
close quarters for 45 days or more with no access to vegetation, and where manure is stored in large
lagoons, basins or pits for later application onto crop fields.> The change in normative agricultural
practices has increased both the quantity and concentration of airborne particulates associated with
farming. More than 400 compounds have been found in emissions from CAFO facilities, including
non-biological aerosols such as volatile organic compounds (VOCs) from animal feed, skin cells,
hair, and dried manure, as well as biological aerosols including endotoxins, bacteria, and fungi from
liquid manure.*

Studies show that several agents, such as ammonia and endotoxins, can be absorbed by dust
particles and stay airborne for long periods and travel great distances.”® Most primary research
studies on potential adverse respiratory health effects from CAFOs come from occupational
settings.”® Farmers and farm workers of CAFOs are at an increased risk of chronic bronchitis,
asthma, bronchial hyper responsiveness, sensitization against farm specific allergens, and

inflammation of the upper and lower respiratory tract.”*

However, few primary research studies have
investigated whether these adverse health effects spill over into the communities of individuals living
near CAFOs. Additional research is needed, as results thus far have been mixed.

There have been more than a handful of cross sectional studies assessing residential

proximity to large livestock farms and respiratory and allergic health outcomes among adults.

However, the majority of studies have been in Europe.’'* Large livestock farms in the European



studies are often smaller than the CAFOs seen in the United States, as defined by the U.S. EPA.>!!
Furthermore, these studies have commented on the lack of generalizability to the United States due to
differences in geographic locations of industrial livestock farms in relation to residences and
regulation in place.”'>!3 Only a couple cross-sectional studies among adults have been conducted in

15,16

the United States, in North Carolina and Pennsylvania, >'* as well as six longitudinal studies among

a panel of volunteers in North Carolina living near swine CAFO. 72

All of the longitudinal studies have been short-term, aiming to assess acute effects. Five of
the six studies take place over 2 weeks, where participants answer questions and complete exams
twice a day for 14 days.'®2? The sixth study consists of two 1-hr sessions where participants are
exposed to hog CAFO emissions in an air chamber.!” All six studies are in the same region in North
Carolina, and four of the studies are from the same 101 adult volunteers, from 16 neighborhoods
within 1.5 miles from a hog CAFO.!”?2 CAFOs in North Carolina tend to be predominately in low-
income, minority communities, whereas that has not been seen in other states like Washington and
Towa.?® Furthermore, only a couple of these studies have specifically looked at respiratory and allergy
outcomes beyond just self-reported symptoms.!”?*> Two studies used objectively based exam

measurements of lung function and IgE from skin prick tests.!”!824

To-date, no studies have investigated the relationship between residential proximity to
CAFOs and respiratory health in the upper Midwest. It is important that this research extend into
different regions in the US. Agricultural practices, Right to Farm laws, livestock siting laws, and
settlement, placement and zoning of CAFOs vary by state in the US. Additionally, the majority of
studies among adults have included a mix of different types of livestock CAFOs or AFQs.”!1:13:14.1625
Different types and concentrations of airborne microorganisms have been identified outside of swine,

26-28

poultry, cattle, and dairy facilities, suggesting that different animal CAFOs may present different

allergic, asthmatic, and respiratory responses in nearby residents. More research is needed



concerning health risks posed by living in close proximity to CAFOs, especially in new areas in the

US where management practices and regulations can vary.

There have been just as many studies assessing residential (or school) proximity to large
livestock farms among children, as there have been among adults. However, unlike the adult studies
which primarily occur in Europe, most of the studies on children are in the United States, in North
Carolina, Iowa, and Washington.”** Yet, even so, many of them investigate children living near
AFOs (smaller in size than CAFOs), most of them swine AFOs.”!!%33 Only one study to date has
looked at children living near dairy AFOs and respiratory health outcomes, and that study was
conducted on a small sample size (n=51) in a specific valley in Washington State.*? In fact, all
studies to date, which assess residential proximity to large livestock farms and respiratory health
among children, have been within a specific county or among a small community in lowa,

Washington, and Germany.

Only two studies have investigated school proximity (instead of residential proximity) to
CAFOs and respiratory health, one at a state-wide level in North Carolina,*® and one in lowa, among
two schools (one near a CAFO and not one not near a CAFO).>' Furthermore, studies to-date have
relied on questionnaire data by the child or adult.***!*33> Only two studies have exam data on
children (IgE and lung function).*>* While three studies have used asthma and allergy ascertainment
using electronic medical records, they combined their study sample and results among children and
adults, making it difficult to tease out differences by age.”!!"!'® Additional research is needed among
children, particularly ones which attempt to refine the measures of exposure and expands into

different populations beyond the few study samples investigated thus far.

Most studies have relied on distance as a proxy measure of exposure to CAFO air emissions.
Wilson and Serre (2007) measured weekly average concentrations of ammonia at varying distances

from hog CAFOs in North Carolina and found distance to one or more CAFOs to be the single best



predictor of ammonia concentrations.’” The number of animal units, temperature, wind speed and
direction were also important predictors of ammonia, but to a lesser degree. More recent studies are
finding concentrations of endotoxin, PM, and antibiotics to be orders of magnitude higher downwind

from CAFOs when compared to upwind concentrations, %%

Wind speed and direction have also been found to affect concentrations of particulates and
the rise of plumes downwind from livestock facilities. Wind speeds of < 9 miles per hour have been
found to be when concentrations of particulates were most elevated near the site.* Higher wind
speed is when dispersion to background levels tends to occur at nearer distances to the source.** A
recent study found indoor and outdoor settled dust concentrations of Bos d2 and endotoxin were
highest in homes closet to a dairy CAFO, with a decreasing concentration gradient extending out to 3
miles from a CAFO.* Dispersion modeling of H2S from a hog CAFO also found a non-linear decay
as distance from the source increased.*® However, only three studies among children have used an
estimate of exposure which incorporates size of the farm (a proxy measure of the quantity of air
emissions), wind direction, and wind speed into their model, the rest relied on only distance.’*>3>
Furthermore, while both school proximity and residential proximity to a CAFO have been found to

be associated with pediatric asthma and respiratory symptoms, none have attempted to estimate a

cumulative exposure which includes exposure to CAFOs both while at school and home.

The overarching goal of this dissertation is to gain a better understanding of whether living in
proximity to CAFOs pose a potential risk of asthmatic, allergic, and respiratory health effects among
nearby community residents. This study is unique in that it will use the Survey of the Health of
Wisconsin (SHOW), a data infrastructure that includes health data collected from across the state.
The sampling, recruitment, and data collection of SHOW reduces the chance of over-reporting and
selection bias. This would be the first study in the state to investigate the association between

residential and school proximity to CAFOs and respiratory health. Prior rural asthma studies have



focused on exposure to farms of a smaller scale. Wisconsin is unique in that it has fewer CAFOs than
North Carolina and Iowa, where much of the U.S-based research has been done. It is also a state that
has over 90% dairy CAFOs,*” whereas prior studies have included mostly swine CAFOs. The
SHOW data enables this study to look at both adults and children. The SHOW data also provides the
ability to estimate a more complete exposure metric by having both school and residential proximity

to CAFOs for children and adolescents.

1.2 Literature Review

1.2.1 Concentrated Animal Feeding Operations (CAFOs)

1.2.1.a. Definition of a CAFO
The United States Environmental Protection Agency (EPA) defines an animal feeding

operation (AFO) as a facility that (1) confines animals for more than 45 days in any 12-month period
and (2) animals do not have access to crops, vegetation or forage growth in the normal growing
season.*® The EPA considers an AFO to be a Concentrated Animal Feeding Operation (CAFO) if it
meets certain size thresholds. The EPA has delineated three categories of CAFOs, ordered in terms of
capacity: large, medium and small. The categorization of CAFOs affects whether a facility is subject
to regulation under the Clean Water Act (CWA).* The CWA prohibits anyone from discharging
pollutants from a point source into a water of the Unites States unless they have a National Pollutant
Discharge Elimination System Permit (NPDES), which contains limits on discharges and requires

monitoring and reporting in order to protect water quality and public health.*’

Any AFO that meets the regulatory definition of a CAFO is considered a point source and is
subject to regulation under the CWA. AFOs that have 1000 or more animal units are considered to be
a large CAFO (1000+ cattle, 700+ dairy cows, 2,500+ swine, 55,000+ turkeys). Medium CAFOs
(300-999 cattle, 200-699 dairy cows, 750-2,499 swine, 16,500-54,999 turkeys) are additionally

regulated under the CWA if the facility not only meets size requirements but has a manmade ditch or



pipe that carries manure or wastewater to surface water or if the animal come into contact with
surface water that passes through the area where they’re confined.*® Small CAFOs are not considered
a CAFO by regulatory definition, but are designated a CAFO under NPDES based on a case-by-case
basis determined by whether it discharges pollutants into waterways of the United States through a
man-made conveyance such as a road, ditch or pipe. See Table Al. for categorical CAFO
definitions.*® In most states the EPA has delegated regulatory authority of NPDES to state agencies.
In Wisconsin, the Wisconsin Department of Natural Resources (WDNR) regulates CAFOs under the
CWA through the Wisconsin Pollutant Discharge Elimination System (WPDES) permitting

program.*’

History of CAFOs

Innovations in technology of the late 19™ and early 20" Centuries, combined with a global
demand to feed an increasing population, resulted in a systemic national effort to produce the highest
output of all agricultural products at the lowest cost. This was achieved by relying on economies of
scale, modern machinery, biotechnology and global trade.® As a result, the latter half of the 20"
Century experienced the industrialization of livestock farming.>® Large livestock industrial farms,
also known as factory farms or concentrated animal feeding operations (CAFOs) and large monocrop
farms started to replace small farms by the 1980s and increasingly so throughout the 1990s and
2000s.%"2

The shift from small-scale farming to industrial farming changed normative agricultural
practices, thereby increasing the quantity and concentration of externalities associated with farming
(odor, manure runoff, chemical drift, and groundwater contamination).’'? Industrial farm facilities
house significantly more animals in smaller quarters, resulting in an increased concentration of
livestock and volume of manure than traditional farming which poses significant manure storage and

disposal issues.® In fact, the U.S. EPA estimates America’s livestock create three times more fecal
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waste than the human population.? However, unlike human waste which goes through advanced
treatment and processing, animal waste goes largely untreated.

Contaminants from the animal wastes can pollutant both the air and nearby surface- and
groundwater through pathways such as manure lagoon leakage, manure lagoon overflow from major
precipitation events, runoff or atmospheric uptake from application on crop fields, or atmospheric

deposition from manure lagoons followed by dry or wet weather event.>

The presence of livestock
waste contaminants, including nitrates, bacteria, pathogens, veterinary pharmaceuticals, heavy
metals, and naturally excreted hormones, have been documented in both surface water and

groundwater supplies in agricultural areas within the United States, resulting in contaminated private

well drinking water among residents living near CAFOs.

1.2.1.b. CAFO-related Air Emissions
Animal waste (in pits, lagoons, and spread on crop fields), animal feed, the animals

themselves and the vehicle traffic (often on gravel roads) release toxic and malodorous gases, vapors
and particulates such as ammonia, hydrogen sulfide, volatile organic contaminants, particulate
matter, pathogens and allergens into the air.*>>*° In fact, agriculture is Wisconsin’s primary source
of fine particulate matter, defined as having an aecrodynamic diameter of 2.5 um or less (PM2.5), and
course particulate matter, defined as being 2.5 to 10 micrograms per cubic meter in size (PM10).%’
Agriculture, including livestock, crops and livestock dust, and fertilizer application, account for 38%
of all PM2.5 emission in Wisconsin and 54.8% of all PM10 emissions in Wisconsin (See Figure
A1.).>” Ammonia is a precursor of PM2.5 and is the primary contribution to PM2.5 emissions from
CAFOs. Ammonia (NH3) is formed by microbial decomposition of undigested organic nitrogen
compounds in animal manure.*® Once emitted, the NH3 can be converted rapidly to ammonium
(NH4+) aerosol by reactions with acidic species (e.g., HNO3 [nitric acid] and H2SO4 [sulfuric acid])

found in ambient aerosols.’®



Particulate matter (both PM2.5 and PM10) from CAFOs is also comprised of organic
material such as fecal matter, feed materials, pollen, bacteria, endotoxins, fungi and viruses, skin and
hair cells, and the products of microbial action on urine and feces.*® Sources of PM include manure
storage (both wet and dry), manure transportation and spreading of manure on crop fields, animal
feed, animal dander, bedding materials, unpaved roads and surfaces.®’ Key variables affecting
emissions of PM10 include the amount of mechanical and animal activity on the dirt of manure
surface, the water content of the surface, and the fraction of the surface material in the size range.*’
Endotoxins, which are produced by Gram-negative bacteria, also contribute significantly to CAFO
particulate matter.® Endotoxins are lipopolysaccharides that are products of the bacterial cell walls
of gram-negative bacteria and are present in CAFO dusts.*

While the complete list of gases and vapors emitted from CAFOs is long, the other most
commonly found gases along with ammonia, are hydrogen sulfide and methane. Hydrogen sulfide
(H2S) is a gas arising from storage, handling and decomposition of animal waste from CAFOs.®!
H2S is produced by anaerobic bacterial decomposition of protein and other sulfur containing organic
matter.®! It is heavier than air and can accumulate in manure pits, holding tanks and other low areas
in a livestock facility.®! While the concentration of H2S found in closed animal facilities is not
usually harmful, (<10 ppm), the release of this gas from manure slurry agitation may produce
concentrations up to 1,000 ppm or higher.®* Methane is produced by the microbial degradation of
organic matter under anaerobic conditions.®®> The primary source of methane in agriculture is from
the digestive processes of ruminant animals and the storage, treatment and handling of manure.*®
However, methane emissions from CAFOs do not pose a health threat to surrounding communities.®

Pathogens are biological agents that occur naturally and can cause disease.®* Some
microorganisms found in bioaerosols emanating from CAFOs are pathogenic in themselves and some
can serve as vehicles for other pathogens.® Pathogens at CAFOs can be spread from animal to

animal, from human to human, and from direct contact between human and production animal.>%%*



Manure is the greatest source of pathogenic contamination and has the potential to enter air, surface
water, or groundwater sources if not properly managed.’>®* It has been well documented that the air
within CAFOs is highly contaminated with bacteria, yeasts, and molds.* Common pathogens found
near dairy CAFOs are Staphylococcus, Pseudomonas, Streptococcus, Cryptosporidium parvum,
Escherichia coli 0157:H7, Giardia, Listeria monocytogenes.>*4%6?

Steroid and antibiotic use is correlated with herd size on livestock farms. As the quantity and
concentration of livestock increase, so does the use of antibiotics and steroids.®%® Concerns over the
spread of antibiotics and antibiotic resistance genes from CAFOs into the environmental and humans
continue to rise as these substances have been found in water, air and dust measured outside of
CAFO facilities, as well as in food products from treated livestock.®*’® Up to 80% of antibiotics that
are consumed by cattle are not metabolized and can get transported via air particulates.”’ A recent
study found monensin in 100% of samples up- and downwind of cattle feed yards, with a mean
downwind concentration of 1,800 ng/g PM.”! Tylosin was measured in 80% of samples downwind of
feed yards, and the three tetracyclines were present together in 60% of downwind samples, with
oxytetracycline detected individually in all downwind samples.”' A similar study identified five
veterinary antibiotics down and upwind from 10 beef cattle feed yards, ranging from 0.5 to 4.6 ug/g
of PM.”® Additionally, androgen-mediated transcriptional activation induced by exposure to extracts
from PM collected downwind of CAFO livestock feed yards was significantly higher than upwind.”?

Volatile organic contaminants (VOCs) and volatile fatty acids (VFAs) emitted from CAFOs
constitute a mixture of chemicals comprised of various acids, esters, alcohols, aldehydes, ketones,
halogenates, amines, and hydrocarbons.”® Researchers have suggested that between 100 to 400
different VOCs/VFAs are generated depending on the type of animals and the practices found at each

concentrated animal feeding operation.”



1.2.1.c. CAFOs in Wisconsin

Wisconsin has not been an exception to the industrialization of farming. The number of

10

Wisconsin farms has decreased steadily from a peak of 200,000 in 1935 to fewer than 70,000 today.”*

While at the same time, the size of farms has increased from 117 acres in 1935 to more than 200

acres today.”* The same trends are seen when specifically looking at dairy farms in the state, where

the total number of dairy farms continues to decline while the number of cows is stable or

increasing.” From 2007 to 2012, the number of herds with 50 to 99 cows declined by 1,919, while

the number of herds with 200 to 499 cows increased from 750 to 815.” CAFOs began to emerge in

Wisconsin in the 1980s. In 1982, Wisconsin had fewer than 14 CAFOs and today it has more than
250 CAFO.Y Figure 1 shows the increase in CAFOs in Wisconsin from 1985 to 2014 according to
the Wisconsin Pollutant Discharge Elimination System Permit program.*’ Figure 1 also visually

displays that over 90% of the CAFOs in Wisconsin are dairy CAFOs, second only to California in

terms of the number of dairy CAFOs the state has.

Concentrated animal feeding operations (CAFOs) with Wisconsin Pollutant

Discharge Elimination System Permits (WPDES)
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Figure 1. Wisconsin Department of Natural Resources estimation of the number of CAFOs in the

state by required Wisconsin Pollutant Discharge Elimination System permits.*’
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Additionally, Wisconsin is second only to California in terms of total dairy animal units and
milk produced, and continues to lead the country in cheese production.” University of Wisconsin-
Madison economists estimate that CAFOs in Wisconsin accounted for 40% of state milk production
in 2013 compared to 22% in 2007, and the percent of production from CAFOs continues to grow.”®
Wisconsin’s dairy farms are an enormous benefit to the state economy, generating 43.4 Billion each
year for the state’s economy.”’ This is more than the combined value of citrus to Florida, potatoes to
Idaho, apples to Washington and raisins to California.”® Figures A2 and A3 show the improved
efficiency in production over the last several decades, which has resulted in fewer, but larger farms.”
A survey among farmers in Wisconsin in 2008 from the UW found 74% of farmers said efficiencies
in production, which included the ability to increase their herd, afforded them more time with family,
less stress, and improved quality of life.”

Yet while CAFOs have increased efficiencies in livestock production, there has also been
increasing conflict between CAFOs and neighboring communities. According to the Midwest
Environmental Advocates, the leading nonprofit environmental law center who has handled and filed
many of the complaints and lawsuit claims pertaining to nuisances from agricultural uses in the state,
there has been increasing conflict as seen by the number of cases associated with externalities form
CAFOs. A few individual private nuisance lawsuits have been claimed and proven successful, such
as when the Treml family filed a lawsuit after becoming seriously ill when their private well became
contaminated a few days after Stahl Farms had spread tens of thousands of gallons of animal waste
on nearby fields. However, the family only won and received settlement after they intervened when
Wisconsin Department of Justice filed a lawsuit against Stahl Farms in Kewaunee County Circuit
Court for violating the terms of its water pollution discharge permit and discharging manure into
School Creek (State of Wisconsin vs. Glen Stahl, 2007). Due to the difficulty of filing a private

nuisance claim under Wisconsin's Right to Farm law, residents affected by CAFO nuisances often
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must come together to form organizations and coalitions in order to make an effort in proving a
"threat to public health and safety" and disperse any litigation costs endured if a lawsuit fails.

One such recent case involved People Empowered Protect the Land (PEPL), a grassroots
grouped formed by neighbors of Rosendale Dairy, an industrial dairy that milks 8,300 head of dairy
cows in Fond du Lac County. PERL formed out of concern the dairy was producing air pollution,
groundwater pollution and excessive withdrawals, and truck traffic which was affecting their air

80 While the Midwest Environmental Advocates were able to file a case

quality and drinking water.
claiming the dairy’s pollution discharge permit did not comply with water quality standards, the case
settled with only a change to the permit and not the outcome PERL was hoping for — a change to
future farming practices governed by a change in law. The community of Saratoga also recently was
able to stall a proposed CAFO due to violations of Siting Law.%!:%?

According to the Department of Health Services, coliform bacteria could be present in as
many as 169,000 of Wisconsin's private wells.*> While the DNR recommends private well water
testing, they estimate only 10 percent of the private well owners test their well water.**** In a series
of studies viruses in Wisconsin groundwater were identified as most certainly from fecal matter from
agricultural sources.®® Studies headed by Mark Borchardt with the USDA recently confirmed most
nitrate and coliform in Kewaunee County wells was from animal waste, a county with one of the
highest concentrations of CAFOs in the state.®*®” Manure irrigation, odors, and air pollution have
become a concern as well. A recent local media article highlighted a landowner whose rural home
became surrounded by manure irrigation systems and as a result of the externalities, was ultimately
forced out of his home.®® The landowner claimed the liquid manure spray drifted onto the property
from the Central Sands Dairy across the road, and the ammonia smell was so bad it hurt to breathe.®®
Residents near CAFOs not only potentially face increased health concerns, but a recent study from

the Wisconsin Department of Revenue reported that homes near large dairy operations have been

selling for as much as 13% below their assessed value in Kewaunee county, due to the CAFO.%
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1.2.1.d. Regulation of CAFOs
Unlike other industries, agricultural operations have traditionally been exempt from

numerous federal environmental laws.”® Both state and federal governments have focused on
regulating more visible polluters such as factories, waste treatment plants, and motor vehicles than on
smaller and more dispersed sources such as farms.®> CAFOs are open-air systems, which makes
monitoring and measuring actual releases of pollutants into the environment extremely difficult.’’
This is further complicated by the numerous biological processes from livestock production which

are more complex than those from industrial sources.’?

Clean Water Act (CAA)

CAFO regulation has primarily focused on protecting the environment from contaminants
being released into waterways of the US.®> CAFOs require a NPDES permit, but because regulatory
power is delegated from EPA to state agencies (in most states it is the Department of Natural
Resources) there is a varying degree of compliance, regulation and oversight.”® Some states regulate
in accordance of the bare minimum set by the CWA.> Others implement stricter regulations, like
Towa, which requires all AFOs, of smaller sizes to apply.”* Furthermore, states have varying
resources which have left some scrambling to keep up with monitoring CAFOs.”> A survey study
published in 2013, interviewed state agencies in the US that regulated CAFOs and found many state
agencies were unable to adequately address health concerns and meet regulatory requirements due to
limited budgets, staff size, and political factors.”® In Wisconsin, one-third of CAFOs were estimated

to be operating under expired permits in 2017 due to limited resources in the DNR to keep up.”’

Clean Air Act (CAA), CERCLA, EPCRA
Current federal environmental laws are not well suited to regulate air emissions from

agricultural activities. The Clean Air Act (CAA) focuses on controlling major sources that emit more
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than threshold quantities of regulated pollutants.’>*® However, CAFOs are not covered under CAA
because air emission quantities are either not the category of pollutant covered or do not emit enough
to trigger permitting requirements.”” However, CAFOs have been regulated under two provisions of
federal law: sections of Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) and Emergency Planning and Community Right-to-Know Act (EPCRA).!%!1%! Both of
these laws require reporting whenever a certain quantity of a hazardous substance is released into the
environment.'”! CAFOs release large quantities of substances the EPA has classified as hazardous -
ammonia and hydrogen sulfide.'® These are reportable substances under both CERCLA and EPCRA
and if the reportable quantity of 100 pounds per day is reached of either substance, CAFOs were
historically required by law to report under both CERCLA and EPCRA, or are at risk of facing civil

suits and penalty fees.!®

However, reporting under CERCLA and EPCRA has changed over the last decade. The
poultry industry petitioned the EPA in 2005 to create an exemption for agricultural operations from
the reporting requirements under EPCRA and CERCLA.'%? They claimed these releases of ammonia
and hydrogen sulfide posed "little or no risk to public health, while reporting imposes an undue
burden on the regulated community and government responders.”'® In response to this petition, the
EPA released a proposal in December 2007 to exempt CAFOs from reporting under both statutes.'%?
The EPA, supported by the agriculture industry and government responders, reasoned that CERCLA
and EPCRA's "reports are unnecessary because, in most cases, a federal response is impractical and
unlikely."!%

However the response to the petition received a large number of comments from people
demanding information regarding releases from large CAFOs.'™ So the EPA amended the proposed

rule and only exempt reporting under CERCLA and certain livestock facilities under EPCRA.'™ The

Final Rule became effective in 2009.'™ It was immediately challenged by environmental groups
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known collectively as the Waterkeeper Alliance which challenged that neither CERCLA nor EPCRA
permitted the EPA to grant reporting exemptions to the EPA.”? The courts determined the Final Rule
of was not justified as a reasonable interpretation of any statutory or implementation of a deminimus
exemption.”? The Waterkeeper Alliance decision was released in April 2017 and granted the EPA
motion to stay until May 1, 2018 in order to develop documents to help CAFOs comply with new
reporting requirements under CERCLA..'%1% However, on March 23, 2018, President Trump signed
the Omnibus Bill and tucked within the massive appropriations bill is Title XI, called the “Fair
Agricultural Reporting Method Act” or “FARM Act” which amends section Section 103€ of

CERCLA to no longer apply to air emissions from animal waste at any farm.'"’

Right to Farm law

Historically, if a large CAFO produced excessive odors or noises, a neighbor could bring a
private nuisance claim against the CAFO to stop the problem. Nuisance is a civil rather than criminal
wrongdoing which alleges that another‘s practices unreasonably interfere with a person’s private or
public rights. Wisconsin law, like most states, recognizes two types of nuisance: 1) public nuisance is
defined as “an unreasonable interference with a right common to the general public;”'* and 2)
private nuisance is defined as —the invasion of another*s interest in the private use and enjoyment of
land.'” Generally, the state employs the public nuisance doctrine while citizens file private nuisance
claims.

An individual can sue a neighboring property owner if odor, noise, excessive light interferes
with the individual‘s use and enjoyment of their property. The State may bring a public nuisance
claim against things like prostitution houses, illegal gaming facilities, or stream polluters. Wisconsin
law makes it very difficult to prove a nuisance against an agricultural producer unless you can
establish that the alleged nuisance presents a substantial threat to public health or safety.''” It

virtually eliminates citizens® right to bring nuisance claims against CAFOs even if the nuisance came



16

to them. For example, if a neighboring small family farm that grows corps and has a couple of cows
becomes a large concentrated animal feeding operation with thousands of cows, it is still considered
a preexisting agricultural practice shielded by Wisconsin‘s Right to Farm law.''°

The Right to Farm statute also states that if no nuisance is found, the plaintiff must pay all the
defendant"s litigation expenses.!!! As a result, neighbors may be reluctant to bring actions against
farmers because if no nuisance is found, they will have to pay all of the farmer‘s legal fees. Right to
farm laws emerged in the 1980s in response to urban encroachment on rural farming lands and were
a way to protect farmers from litigations from urbanities not able to adapt to rural smells, dust, and
noise.''> While some states have changed their right to farm laws to exclude protection of CAFOs,
Wisconsin’s right to farm law has been amended over the last couple decade in favor of more

protection for farmers, regardless or type or size.'"?

Livestock Siting Law

Lastly, CAFOs are regulated under Livestock Siting Law. Wisconsin‘s Livestock facility
siting and expansion law required Wisconsin Department of Agriculture, Trade, and Commerce
Protection (DATCP) to create rules setting standards for new and expanding livestock facilities.!!*
The livestock siting law streamlines local approvals and standards for farm permits.!'* !¢ Local
towns and counties are not required to regulate the siting of new or expanding livestock facilities.''*
However, if local political divisions choose to require livestock farms to apply for a license or
conditional use permit, those local communities must have a common application and approval
process.!!® The state standards in the siting rules regulate (1) the location of livestock facilities
(setbacks), (2) odor emissions, (3) nutrients management, (4) manure waste storage facilities and (5)
runoff management.

Though the livestock siting law was intended to provide consistency in livestock siting rules,

local communities have to approve plans that may not be enough to protect local needs. Communities
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which have zoning designating where livestock farms can be and where they cannot have been able
to using Siting Law to protect the people and environment from externalities CAFOs pose.'!”
Individuals and communities do have the ability to appeal local siting decisions. Some of which have
been proven to be successful in Wisconsin.!'®!"” Communities without zoning and those which do
not regulate under the livestock siting law leave communities and individuals with few options to

combat nuisance and potential threats to their health from CAFOs.

1.2.2 Asthma and Allergies

1.2.2.a. Air Pollution as a Risk Factor for Allergies and Asthma
The prevalence of allergies and asthma has increased around the world in recent decades.'*

Due to the relatively short period in time this increase in allergy and asthma prevalence has occurred,
genetic variance or changes are unlikely to be the only explanation.'*! Exposure to environmental
pollutants or microorganisms especially in air (both indoors and outdoors) has in fact been identified
as a main driver of many common respiratory ailments, including allergies and chemical
sensitivities.'?? As discussed above, current evidence suggests the development and phenotypic
expression of atopic diseases (i.e., allergic rhinitis (hay fever), allergic conjunctivitis, allergic asthma,
etc.) most likely depends on a complex interaction between genetic factors, environmental exposure
to allergens and microbes, and non-specific adjuvant factors such as tobacco smoke, air pollution,
and infections.'?124

The idea that outdoor air pollution can cause exacerbations of pre-existing asthma is
supported by an evidence base that has been accumulating for several decades, with several studies
suggesting a contribution to new-onset asthma as well, both in children and adults.”> At high
concentrations, such as those noted in megacities in India and China, air pollutants may have direct

irritant and inflammatory effects on airway neuroreceptors and epithelium, but such levels of

exposure rarely occur in North America or Europe.'* At the lower concentrations that are more
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typical in high-income countries, other mechanisms are likely at play. Specific pollutants can induce
airway inflammation (eg,0zone, nitrogen dioxide, and PM2.5'?® and airway hyper-responsiveness
(ozone and nitrogen dioxide)'?” two characteristic features of asthma. In addition, oxidative stress (a
feature of severe asthma) has been associated with pollutant exposures (ozone, nitrogen dioxide, and
PM2.5).128:129 Therefore, exposure to these pollutants is unsurprisingly associated with exacerbations
and possibly even the onset of asthma.

Size of the particulate matter (PM) affects the depth of penetration in the respiratory tract and
the potential health outcomes associated with the particulate matter. PM is categorized on the basis
of its aerodynamic diameter, with implications for its typical site of deposition when inhaled. Coarse
PM, with an aerodynamic diameter of 2.5—10 um, deposits mainly in the head and large conducting
airways.'*® Fine PM or PM2.5 deposits throughout the respiratory tract, particularly in small airways

and alveoli. Ultrafine PM (<0 * 1 pm) deposits in the alveoli.!** PM10 includes the coarse, fine, and

ultrafine fractions. The composition and size distribution of PM varies according to the source,
whether it is natural or anthropogenic, and whether it is derived from combustion or not.'*°
Transition metals, polycyclic aromatic hydrocarbons, and environmentally persistent free radicals are
constituents of PM of special interest because of their potential to cause oxidative stress and many of
the phenotypic changes associated with asthma."** Additionally, PM frequently contains various
immunogenic substances, such as fungal spores and pollen, which have been independently
associated with exacerbation of asthma symptoms.!*!:13

The mechanisms by which pollutants induce these effects are not completely clear. A
framework for how air pollution might contribute to the development and exacerbation of asthma
proposed by the UK’s Committee on the Medical Effects of Air Pollutants identified four main

mechanisms: oxidative stress and damage, airway remodeling, inflammatory pathways and

immunological responses, and enhancement of respiratory sensitization to aeroallergens (Figure
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A4)."33 Variation in the genes that regulate these mechanisms could confer increased susceptibility to
development of new-onset asthma or exacerbations of existing disease with exposure to air
pollution.'*

Studies to date, which have assessed sources of air pollution rather than ambient measures of
air pollution, have primarily focused on urban areas.'?”12%134135 Traffic-related air pollution (TRAP)
exposure has been given a lot of attention in the last several decades as a driver of asthma and allergy
in urban areas.!*>!*3% ‘While many studies have identified residential proximity to traffic or
industries to be associated with increased prevalence of allergies and asthma,'?>"3%!%? few studies
have focused on the rural environment and residential proximity to CAFOs, which can also emit high

levels of fine particulate matter, gases and vapors.

1.2.2.b. Farm Exposure and the Hygiene Hypothesis
In 1989, Strachan first coined the term the “hygiene hypothesis™ after discovering children

who grew up with a high number of siblings had a lower risk of hay fever, allergies, and eczema
when compared with children with few to no siblings.'*! Strachan suggested, “allergic diseases were
prevented by infection in early childhood, transmitted by unhygienic contact with older siblings or
acquired prenatally from a mother infected by contact with her older children.”!*!:14> Several similar
observational studies followed, with results supporting the hygiene hypothesis; early-life day-care
attendance, common viral infections of childhood, and farming were among other exposures
discovered to be associated with the hygiene hypothesis and their protective effect against
allergies.'** %" However, throughout the 1990s and early 2000s, the hygiene hypothesis started to
receive criticism as studies began to reveal conflicting results and the prevalence of atopic diseases,
including allergies, eczema and asthma, continued to rise.'*3"!%

Since the 1990s epidemiologists and immunologists have been addressing the rise in atopic

diseases with a plethora of studies.'?*!°*!>! These studies led to the most recent idea that the rise of
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atopic diseases may be a result of Western lifestyle influences on the microbiome.!**!>? Studies
revealed allergies are 20 times more common in Westernized countries when compared with
countries of low average incomes.'**!>" The Western lifestyle - characterized by low physical
activity, high amount of time spent indoors, and a poor diet rich in saturated fats and carbohydrate
sweeteners — can lead to a reduction in microbial diversity.'>° Changes in the living environment,
diet, lifestyle and weight heavily influence the composition and diversity of the microbiome in the
gut and skin.'** Therefore, research studies have supported a shift in theory, away from the hygiene
hypothesis (or lack of immune stimulation by infectious agents) to immune modulation by
nonpathogenic microbial experience.'> It is now believed that the increase in allergic diseases is at
least partly due to the loss of symbiotic relationships with parasites and bacteria that were once
beneficial to our evolution.'**

Numerous studies have shown that young children at risk of developing allergies have gut
microbiome dysbiosis, where particular strains are lacking (Lachnospira, Veillonella,
Fecalibacterium and Rothia) while others, such as Clostridia species, are overrepresented.!>> Changes
in the microbiome of the gut, skin and nose have been associated with eczema, asthma and food
allergy.’® A common finding is that not a single microbe is missing, but the overall degree of
microbiome diversity is reduced among those with asthmatic and allergic symptoms and aliments.'>®
For example, several studies have found children with pets to have a decreased risk of allergies and
asthma when compared to children raised without pets.'>’ 1> Complementary findings show
households with dogs have rich diverse house dust microbiomes with an abundance of Firmicutes
and Bacteroides phyla when compared with households without dogs or other outdoor pets.!'37-16%:16!

In addition, it has been shown that mice exposed to such dust from homes with dogs have alterations

in their gut flora composition, as well as fewer allergic reactions.'®?
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The biodiversity hypothesis helps to explain conflicting research results concerning the
protective versus deleterious effects of farm animal exposure. The most comprehensive studies
dedicated to disentangling the various factors of the protection against allergy provided by farming,
such as ALEX, GABRIEL Advanced Surveys, and PASTURE, have been performed in European
regions where dairy production is the main activity and where farming is not industrialized;'%*16°
rather in mid-mountain-altitude and among small cheese farms in areas like the Alps.?®!%® Similar
protective effects from farming exposure have been documented in the U.S. as well. For example, a
study among a large rural cohort of children aged 5-17 in Wisconsin (MESA), found those born on
dairy farms had significant decreased risk of developing common childhood allergic and infectious
conditions when compared to rural children who did not grow up on farms.'®” However, studies
which have since been conducted among farm workers exposed to large-scale livestock farming on
CAFOs, or among children and adults living on or near large-scale CAFOs are finding exposure to
farming to be potentially harmful and positively associated with allergies, asthma, and respiratory
problems.”!%® In a recent study comparing Amish with Hutterite farming populations in the United
States, farm exposure was found to protect Amish children six times more efficiently against asthma
and atopy than it did Hutterite children.'® The authors found this was likely due to the Hutterites
having adopted large-scale industrial farming practices, whereas the Amish still live on traditional
farms.'®’

While the exact reason for the discrepancy in results is not well understood, higher levels of
microbial diversity on a small, more traditional farm when compared to large-scale industrial farm is
thought to play a major role.'”*!”" In the ALEX and GABRIEL studies, the overall farm effect has
been explained by specific and diverse exposure to types of livestock, crops, straw, fodder storage,
manure, and unpasteurized milk.'**!"" However, the industrialization of farming is thought to have
decreased the microbial diversity and increased the abundance of specific bacterial genera which may

induce inflammatory response.!”!!”* Sequencing of 16SrRNA components of aerosols at varying
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distances from dairy CAFOs in Colorado revealed a microbiome derived predominantly from animal
sources with bacterial genera dominate by Staphylococcus, Streptococcus, Haemphilus and
Pseudomonas, all of which have pro-inflammatory and pathogenic capacity in humans.'”* In fact, a
recent study which collected nasopharynx (NP) viral and bacterial communities from infants in their
first year and documented acute respiratory infections, found Moraxella, Streptococcus, and
Haemphilus to be significantly more dominant in those with Acute Respiratory Infection (ARI)
compared with healthy NP samples.'”

Dairy cattle are principal reservoirs of reservoirs of Staphylococcus, an opportunistic
pathogen among humans that can rapidly evolve toward an antibiotic-resistant phenotype.'”™
Antibiotic useage and resistance is a well-known disruptor of asymptomatic colonization patterns and
can result in reduced microbial diversity.!” This has also been cited as a potential contributing factor
as to why large-scale commercial livestock farms may have deleterious effects on allergic disease
outcomes.””’17¢177 Ag livestock farms grow in quantity and concentration, so does the risk of
disease and antibiotic usage.®®°® In fact, high concentrations of several veterinary antibiotics have
been found in airborne PM downwind and upwind of cattle CAFOs, where microbial communities of
PM downwind were enriched with ruminant-associated taxa and were distinct when compared to
upwind PM.”*"! Furthermore, gene encoding resistance to tetracycline antibiotics were significantly
more abundant in PM collected downwind.”

Research comparing microbial diversity found on different types and sizes of farms is scare.
However some supporting evidence suggesting the antibiotics may play a role in decreased microbial
diversity and increased risk of allergic disease come from a rural pediatric asthma study in lowa,
where asthma prevalence was found to be higher among children growing up on swine farms that use
antibiotics in the feed.™® The latest research is discovering is that microbial diversity is likely an
underlying factor explaining the prior differences seen in urban versus rural settings, where rural

subjects were likely exposed to more microbial diversity than urban subjects.'**!"#!” However,
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microbial diversity is associated with allergic diseases regardless of exposure to farming and

urbanicity. A study among school-aged rural children found the reduced Alpha and beta diversity of
nasal microbiota among those with asthma.!”! The association was in both farm-raised and nonfarm-
raised children.'”' An inner city urban asthma study also found microbial diversity to have an effect

on asthma and allergy prevalence in urban settings.'*°

1.2.2.c. The Role of Genetics and Family History with Allergies and Asthma
The German Multicentre Allergy Study was the first longitudinal birth cohort to examine

multimorbidity of asthma, allergic rhinitis, and eczema up to 20 years of age and to provide sex-
specific and family history-specific prevalence data.'®! They found having parents with allergies is
not only a strong predictor of developing any allergy, but it strongly increases the risk of developing
allergic multimorbidity.'®" At 20 years of age, participants with allergic parents developed coexisting
allergies three times more often than those with non-allergic parents.'®! In adulthood, the prevalence
of allergic multimorbidity seemed similar in both sexes, whereas single allergic diseases were
slightly more common in women than men. Asthma occurred more frequently with coexisting
allergic rhinitis and/or eczema than as a single entity from pre-puberty to adulthood.'®" A meta-
analysis screened the medical literature from 1966 to 2009 to compare the effect of maternal asthma
versus paternal asthma on offspring asthma susceptibility and made similar conclusions.'®?
Aggregating data from 33 studies, the odds ratio for asthma in children of asthmatic mothers
compared with non-asthmatic mothers was significantly increased at 3.04 (95% confidence interval:
2.59-3.56)."%2 The corresponding odds ratio for asthma in children of asthmatic fathers was increased
at 2.44 (2.14-2.79). When comparing the odds ratios, maternal asthma conferred greater risk of
disease than did paternal asthma (3.04 vs. 2.44, p = 0.037).'%

The first study to identify the heritability of allergy found that 48.4% of a group of 621

sensitized individuals had a family history of sensitization to common environmental allergens,
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compared with only 14.5% of the control group of 76 non-sensitized individuals.'®® A few years later,
the term atopy was first coined, to mean inherited hypersensitivity.'** More recent studies in twins
provide further evidence for allergy heritability, due to the higher levels of concordance for allergic
phenotypes in monozygotic, compared with dizygotic twins, where atopy heritability is estimated
between 50% and 84%.'8>!136 Heritability estimates for allergic disease vary, but have been described
as high as 95% for asthma, 91% for Allergic Rhinitis and 84% for Allergic Dermintitis.'®” The
apparent heritability of asthma and/or allergies has led to increased interest in using Genome-Wide
Association Studies (GWAS) to identify any common gene variants that may help to explain allergic
diseases.'®* The first GWAS for asthma was completed in 2007 by Moffatt and colleagues, a
discovery cohort of 994 patients with childhood onset asthma and 1243 nonasthma controls identified
significant association to a locus on chromosome 17q21."*® Subsequent GWAS in asthma have now
identified more than 15 susceptibility loci with confidence in the Caucasian population. Overall, the
susceptibility genes identified to date using GWAS are consistent with the hypothesis that asthma is
caused by epithelial barrier/function abnormalities and altered innate and adaptive immune
responses. It was reported by the GABRIEL consortium that ~49% of the lifetime risk of asthma
could be explained by the one of the identified loci.'®* In contrast to asthma, there are limited data for
GWA approaches in allergic rhinitis in the Caucasian population with only one study published to
date that identified genome-wide significant association.'® See Figure A5 which suggests that
allergic diseases and traits share a large number of genetic susceptibility loci.'®*

While there is evidence for a genetic susceptibility to acquiring allergies or asthma, it does
not explain the entire picture. The literature suggests allergic diseases have an environmental
contribution and likely develop from a combination of a gene-environment interaction. Several
studies even suggest the environmental contribution to be quite strong with evidence of a negligible
role for genetic transmission.'**'*? A large Nuclear-Family cohort study demonstrated that family

members are at increased risk of allergies of the esophagus and airways compared to the general



25

population, but that the inheritance is complex and not Mendelian.'”® The Nuclear-Family-based
design yielded an inflated heritability estimate.'”> Twins heritability estimates suggested that familial
clustering is due in large part to common, or shared, family environment rather than genetics.'*?
Similar conclusions have been from other familial studies where shared environmental factors such
as diet, antibiotic use, birth weight, breast-feeding history, pet/animal exposure, and social economic
status explained the heritability estimates.'**!%

Additional supporting evidence of the role the environment plays in contracting allergic
disease was found in a meta-analysis on allergic disease prevalence among immigrants, and another
studies comparing biological offspring to adoptees. A systematic review on asthma and allergies and
immigration status found the prevalence of asthma to be higher in second generation than first
generation immigrants.'®> Asthma and allergic diseases increased steadily as length in host country
increased. These findings were consistent across study populations, host countries, and children as
well as adults, suggesting a changing environment as the primary driver behind the change in
prevalence of asthma and allergies.'> A recent study which included approximately 2000 adoptees
and large numbers of similar biological families found the relative importance of genetic
transmission differed by socioeconomic status (SES).'”® In high SES families, parent—child asthma
associations are approximately 75% weaker among adoptees than biological children, suggesting a
dominant role for genetic transmission.'”® In lower SES families, parent—child asthma associations
are virtually identical across biological and adoptive children, suggesting a negligible role for genetic
transmission.'*®

The role the environment versus genes play will need more epigenetic research as it is likely
a complex relationship, dependent on the types on environmental exposures, the doses of exposures,
and the timing of exposure. However, one thing that is well supported in the literature, is that it is
evident environmental exposures such as dander, pollen, dust and other particulates and aerosols can

trigger and exacerbate symptoms among those more susceptible to allergic disease symptoms.
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1.2.3 CAF Os and respiratory health — epidemiological evidence
1.2.3.a. Respiratory and Allergic Disease Among Farmworkers

The first research study which investigated the occupational health and safety among workers
in confined livestock operations began in 1977."°7 After the first study, several studies followed, with
the focus of research on respiratory health among swine confinement workers.'*®!*® This research
collectively found chronic inhalation of air in animal confinement facilities resulted in workers
having an increased risk of developing respiratory diseases, such as asthma, rhinosinusitis,
hypersensitivity pneumonitis, organic dust toxic syndrome, chronic bronchitis.?** 2% Livestock
workers also have a higher risk of developing chronic bronchitis and COPD when compared to crop
farm workers.””® Chronic exposure to air emissions from swine facilities has been associated with a

decrease in inflammation responses by respiratory and immune cells of humans, mice and pigs in

204-207 200,204

vitro and in vivo, a condition called chronic inflammation adaptive response.
While earlier research on organic dust exposures and lung disease and aliments among farm
workers is still highly relevant today, many of those studies were among more traditional style farms
or farms of a smaller size than seen today. '**2% The scale of production has increased, and new
technologies and changing work practices have altered exposure patterns in modern dairies.”®A
recent systematic review highlighted updated knowledge, specifically in regards to occupational
exposure and respiratory outcomes among workers on dairy CAFOs.?” Several researchers have
confirmed an increased prevalence of self-reported adult onset asthma among US dairy workers
compared with rural controls.?**!° Futhermore, while there has been a decrease in the incidence of
farmer’s lung (hypersensitivity pneumonitois - HP) due to changes in farming practices, a low
prevalence continues to be associated with dairy farming.?'! In fact, proportionate mortality ratios for

HP were reported as being highest for worked in livestock, and Wisconsin counties with the highest

prevalence also had a higher proportion of dairy operation workers.!!
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Lung function decline has also been documented in two large cohorts in France and Sweden,
as well as in the U.S. among farm workers>'>?'* Mild acute airway obstruction has been found to be
associated with work in large California dairies, with both baseline and cross-shift reductions in
FEV1 and FVC.?!"* Reductions in lung function were similarly seen in a cross-sectional study in
Colorado and Nebraska (n=174), where personal work shift exposures to inhalable dust, endotoxin,
and 3-hydroxy fatty acid, post-work shift nasal inflammatory markers, and pulmonary function tests

were measured and collected.?'>2!6

1.2.3.b. Residential Proximity to CAFOs and Respiratory & Allergic Disease Among Adults

The majority of cross-sectional epidemiologic studies investigating the relationship between
residential proximity to CAFOs and respiratory and allergic health among adults come from Europe
(Netherlands, Germany, and Greece).”!* The studies out of the Netherlands found mostly null, and
some inverse, relationships between residential proximity to large livestock farms and asthma and
allergies.”!! All three studies used the International Classification of Primary Care (ICPC) codes
from Electronic Medical Records (EMR) to ascertain asthma and allergy outcomes.”!! Two studies
out of Germany and one in Greece, found mixed results.!*!*?> Radon et al. (2007) found decreased
lung function and a higher prevalence of wheezing without a cold among those living near more than
12 animal houses when compared those living near less than 5 in Germany.'?> However, null
associations were found when Radon et al. (2007) looked at self-reported asthma and allergies, and
Immunoglobulin E (IgE) sensitization to common allergens.!? Additionally, the prevalence of self-
reported asthma symptoms and nasal allergies increased with self-reported odor annoyance.!?
Schulze et al (2011) conducted a study among a subset of the same cohort as Radon et al (2007) in
Germany.'? Schulze et al. (2011) found positive associations between ammonia levels measured from
air samplers near homes with self-reported wheezing, allergic rhinitis, sensitization to ubiquitous

allergens, and a decrease in lung function; although only the objective measures of lung function and
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allergic sensitization were statistically significant.!3 In Greece, Michalopoulos et al. (2016) also
found positive associations with physician diagnosed asthma, allergic rhinitis, wheezing, night time
awakenings, and night/day time coughing without a cold. However, only wheezing and awakenings,

and coughing was statistically significant.'*

Contrary to the mixed results seen in the European studies, the two studies in the United
States both found positive associations with residential proximity to CAFOs and asthma symptoms,
wheezing, and asthma exacerbations.'*'®* Wing and Wolf (2000) found residents living near a hog
CAFO in North Carolina experienced more occurrences of headaches, runny nose, sore throat,
excessive coughing, diarrhea and burning eyes, and reported decreased quality of life, when
compared with residents of a community not living near any CAFOs. Rasmussen at el. (2017) found
asthma oral corticosteroid (OCS) medication orders, asthma-related hospitalizations, and asthma-
related emergency room encounters were all higher among those living within 3 miles of a CAFO
when compared to those living farther from a CAFO, although ER encounters was not statistically
significant. The discrepancy in results across all these studies is likely due to a combination of factors
including differences in study design, study samples, and measurements of the exposure and
outcomes.

Exposure assessment varies greatly across studies and is likely a contributing factor for
differences in results. Among the six studies in Europe, only two from the Netherlands provided
detailed data about the size and types of livestock farms in their studies, and neither study included
CAFOs that met the size threshold for a large size CAFO as defined by the EPA.*!! Both studies
defined CAFOs using size thresholds similar to what would be considered a medium or small CAFO
in the U.S., a size that is typically not regulated unless “a manmade ditch or pipe that carries manure
or wastewater to surface water or if the animal come into contact with surface water that passes

through the area where they’re confined.” >!'*® The remaining four studies in Europe did not provide
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any information about the size of livestock farms in their study, even though all referred to them as
“CAFOs.”'%1271% In fact, Radon et al. (2007) included all animal houses, regardless of type and size,
as they were unable to obtain more detailed information for confidentiality reasons. These studies
have increased potential for misclassification of the exposure, which can lead to underestimation of
the effects. This may partially explain why associations among these studies are null or weak, when
compared to the U.S. studies, where CAFOs were defined using U.S. EPAs definition of a large
CAFO. In fact, Wing and Wolf (2000) found statistically positive associations among those living
near a very large hog CAFO (6,000 hogs), when compared to those not living near a CAFO. Yet,
they found null associations when comparing those living near two dairy AFOs (small CAFO size,
similar to the size seen in European studies) with those not living near any CAFOs or AFOs.
Similarly, Rassmusen et al (2016) found positive associations with asthma morbidity when
comparing those living within 3 miles of CAFO to those living further than 3 miles from a CAFO in
Pennsylvania. Furthermore, all European studies include a mixture of CAFO types in their studies,
some pig, cattle, dairy cow, turkey, and goat livestock farms are included in all studies, and only one
study attempts to assess associations stratified by type of CAFO.’"'* In the United States studies, the
Pennsylvania study includes dairy, veal, and swine CAFOs,'® whereas the North Carolina study looks
at 1 swine CAFO and 2 non-CAFO sized dairy AFOs.'?

All studies used some degree of a proxy measure for measuring the exposure to CAFO air
emissions, but the measurements have varied. Most studies relied on a measure of distance from the
residence to the nearest farm. Studies in the Netherlands and Germany use 500m (0.31 miles) and
1000m (0.62 miles) cut points,'®'!* whereas Greece and the U.S. tend to use cut points of 1.5, 2, or
3 miles.'*!¢ Difference in distances used likely has to do with the differences in the size of the
CAFOs and how close nearby residences realistically are living in relation to the nearest CAFOs or
non-CAFO livestock farms. A few studies have also looked at the number of farms within 500m or

10,11,13

1000m from the residence, or have used air samplers and interpolated measures of ammonia'?
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and fine particulate matter'! to each residence. Self-reported odor annoyance has also been used as a
measure of exposure to nearby CAFO air emissions.'? Unfortunately, the more accurate assessments
of exposure are not used within the same studies that have detailed CAFO data. For example,
Hooiveld et al. (2016) provided detailed definitions of the size and type of CAFOs used in the study,
but allowed no measure of variability in the exposure with each participant. Exposure was
determined at the zip code level, and participants either lived in a low density CAFO zip code, or
high density CAFO zip code.’

Ascertainment of asthma, allergies and respiratory health, as well as the generalizability of
the study samples, varied as well. The three studies from the Netherlands relied on ICPC codes to
determine asthma and allergy outcomes among their study sample.’!' The remaining three European
studies rely on self-reported questionnaire data, with the two German studies also collecting exam
data on IgE and lung function.'?!* In the U.S. Wing and Wolf (2000) relied on self-reported
symptoms only, while Rasmussen et al. (2017) used ICD-9 codes to assess asthma exacerbations
among asthmatics based on hospital visits. While study samples derived from EMR records in the
Netherlands may be a fine representation of the general population, they often do not capture the
general population in the United States. Rasmussen et al. (2016) study did not include those who
have asthma and/or allergies but have not sought medical care due to limited access to health care,
whether it be a lack of insurance, anti-trust of the medical field, or far distance to care. Furthermore,
the North Carolina study was in a small community, and includes only 101 volunteers, primarily of
minority and low-income status.'® In fact, except for the EMR studies, studies have relied on

convenience samples, rather than population-based study samples.

Longitudinal evidence
Seven longitudinal studies exist which examine associations between residential proximity to

a CAFO and respiratory or allergic health effects.!”?>*!7 However, six of the seven are all in North
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Carolina,'"??

and five of those six are among the exact same non-smoking adult volunteers
(n=101)."¥22 These five published papers relied on the same study, and only vary in terms of which
exposures and outcomes they report on.'® 2> Exposures include air measurements (H2S, PM2.5,
PM10, ammonia, endotoxin VOCs,) and self-reported malodor.'®**? Outcomes include self-reported
questionnaire-based quality of life measures, stress, physical symptoms, mood, attention, and exam-
based measures of IgE, lung function and blood pressure (BP).'* > All exposures and outcomes were
captured from the same 14-day long study, where participants had to live within one and a half miles
of a hog operation, and were asked to sit outside, twice daily for two weeks, and record the odor,
along with physical symptoms.'®?? The study found an increase in self-reported odor was associated
with higher levels of PM10 and H2S, and an increase of reporting a change in daily activities,
difficulty breathing, eye and respiratory symptoms, and measured BP.?*?? Self-reported stress was
also associated with BP, but PM10 levels were not associated with BP.'®!” Endotoxin was associated
with sore throat, chest tightness, and nausea.?? This study was also conducted in a disproportionately
low-income area, with the potential for unmeasured confounding.'” While efforts were made to
introduce the study as a respiratory health study among rural residents, the authors reported that
many residents already had negative feelings and connotations towards hog farms in the area, which
may have produced over-reporting of odor and symptoms. ¥

The one other study from North Carolina was conducted at the University’s field laboratory
swine house.!” Here, 48 healthy adult volunteers were subjected to two 1-hour sessions in a dust
chamber; 1 hour of exposure to diluted swine air and 1 hour of exposure to clean air.'” Aerial
emissions from swine house dust were diluted to a level that could occur at varying distances
downwind from a hog CAFO both within and beyond the property line (H2S, ammonia, total
suspended particulates, endotoxin).!” Physical symptoms, mood attention, and lung function were

measured immediately after each 1-hour session.!” No difference was detected between the two

sessions in regards to physical symptoms, including lung function, mood and attention. However,
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when comparing the swine air session to the clean air session, participants were 4.1 times more likely
to have headaches, 6.1 times more likely to report eye irritation, and 7.8 times more likely to report

naseau.!’

1.2.3.c. Residential and School Proximity to CAFOs and Respiratory and Allergic Disease
Among Children

While many adult studies found null or inverse results, the studies among children have
found primarily positive associations, albeit some weak, when looking at residential or school
proximity to CAFOs and respiratory health. Unlike the adult studies, which primarily occurred in
Europe, most of the studies on children have been in the U.S. — 2 studies in Iowa,***! 1 in
Washington,?!” 1 in North Carolina,*'® and 1 in Germany.*® Additionally, three of the studies among
adults mentioned above which used Electronic Medical Records (EMR) also included children,’!!!¢
however, only one of them separated analyses by age group.’” A recent review article criticized the
combining of adults and children since the same dose of exposure affects children differently than
adults, but also the process by which children and adults get diagnosed and treated is likely different.
Not to mention children could be negatively impacted by emissions from nearby CAFOs at much
smaller doses due to their developing respiratory systems.?!” This research among children is still in
its infancy. Only six studies thus far have assessed the relationship between proximity to CAFOs and
respiratory health among children (separate from adults) and more research is needed.’>%3!-33-36217

The study populations used in the children studies tended to focus on small sample sizes with
children of narrow age ranges, located in specific geographic locations. Common age ranges were 5-
6, 12-14 and 5-11 years.’!*%?!® However, the Washington study did not specify the age ranges of the

217 and one Iowa study included 0-17 year olds.*® The Washington

schoolchildren in their sample,
study recruited children (n=51) from a farm workers clinic servicing the Yakima Valley.*!” Pavilonis

(2013) used a cohort of children from Keock County, lowa (n=565), and Siguardson and Kline
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(2006) only used children (n=572) from two schools in lowa (one near a pig CAFO and one far form
a CAFO). Only two studies had larger sample sizes — The North Carolina study spanned 499 public
schools (n=58,169) throughout counties with pig CAFOs?® and the German study recruited
participants (n=7,943) form the Lower Saxony region.*® The North Carolina study’ and Siguardson
and Kline (2006) study in lowa were the only two to examine exposure to CAFO(s) from the
children’s school whereas the remaining three studies examined exposure from the children’s

residence. No study to-date has assessed both school and residence proximity to CAFO(s).

The majority of studies among adults relied on proxy measures of distance from the residence
to the nearest CAFO or the number of CAFOs within a certain radius from the residence, with
distances of exposure ranging from <= 0.31-3 miles. Three of the studies among children considered
one or more CAFOs within 3 miles of the residence or school to be “exposed” to air emissions from
nearby CAFO(s).***>?!” The one German study used a distance of 1.24 miles,*® and the one lowa
study, which only looked at children from two schools, on school was less than 800m from a pig
CAFO and the other school was greater than 16 km from any CAFOs.*! Two of the studies used an
exposure metric, which used the inverse square law to calculate a cumulative estimate of exposure
based on the number of AFOs within 3 miles of the school or residence, along with the average wind

speed and direction of the AFO from the residence or school.**%

While the studies among adults tended to include a variety of animal-type CAFOs, only the
German study’® among children included a mixture of animal types. All others were only among
swine CAFOs or AFOs,**3"% except for the study in Washington,?'” which looked specifically at
dairy AFOs. However, only two studies, Siguardson and Kline (2006) and Mirabelli et al (2006)
included animal operations that met EPA’s definition of a large CAFO, the remaining studies
included animal operations which do not meet the size requirement of a CAFO, and are considered to

be AFOs. The two studies which had CAFOs, and not AFOs, had the strongest positive associations
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with asthma and allergy outcomes. However, the Siguardson and Kline (2006) study compared
children from only two elementary schools. Exposure status was based on whether the child was
from the school near an AFO or the school far from an AFO, while the binary outcome (asthma,
yes/no) was measured at the individual level. The results were potentially confounded by other
factors associated with differences between schools and the types of children and families attending

those schools.

All studies relied on self-reported outcomes of asthma and allergy diagnoses and symptoms.
Only two studies conducted exams on a subset of their sample to gather IgE,***!” and one study
measured lung function via spirometry.?!” The Washington study which measured lung function in
children and compared it to measured ammonia levels in the levels, found no association between
ammonia levels and FEV1.2"”
1.3 Research Gap & Significance

While the increased risk of respiratory health effects among CAFO workers is well

documented,7’8’200’203’220

evidence of potential respiratory health effects among residents living near
CAFOs is limited, and findings inconsistent.®!%13:200.221 Aoyt half of the studies have been
conducted in Europe, where confined animal operations are often smaller than ones seen in the
United States.”'***2 Additionally, they are typically located in more densely populated areas in

Europe, and as a result have more environmental regulations and constraints put on them. 24?3

CAFOs are regulated in the US under the Clean Water Act (CWA) as point sources which
discharge pollutants into navigable waters of the US.?** However, they are exempt from regulation
under the Clean Air Act (CAA), with no permit requirements, mandatory air monitoring or use of
technologies to reduce air emissions.?*>?*® Recent amendments (i.e. the FARM Act) have

additionally exempt all livestock farms from the Comprehensive Environmental Response,



35

Compensation and Liability Act (CERCLA) and the Emergency Planning and Community Right-to-
Know Act (EPCRA), two laws which require reporting of releases of hazardous substances that meet
or exceed reportable quantities in a 24-hour period.'”??” Yet, preliminary results from an ongoing
EPA National Air Emissions Monitoring Program of CAFOs have revealed the air at some CAFOs
may be unsafe with levels of PM, ammonia, and hydrogen sulfide at many sites to be well above
federal health-based standards.??® Other studies have found elevated levels of concern up to 2-5 miles
from a CAFO.%"-7322%230 The majority of epidemiology studies to-date, which have found null or
inverse associations between proximity to CAFOs and respiratory ailments have been conducted in
Europe.” ! Whereas U.S.-based studies have found a higher prevalence of respiratory ailments
among residents living near CAFQs.!>16231232 Thjs difference suggests results from European studies
may not be generalizable to the U.S., but more U.S-based research is needed to strengthen our

understanding of living near CAFOs and potential health effects.

Epidemiology studies that investigate residential proximity to CAFOs and respiratory health

in the US have predominantly taken place in lowa and North Carolina,’218231.232

with a couple
studies in Pennsylvania and Washington.'®*?> However, CAFOs exist in 47 of the 50 states,! with
Iowa, Texas, California, Nebraska, Kansas, North Carolina, Minnesota, Colorado, Idaho, and
Wisconsin being the top 10 states with the largest number of animal units.?*>*** In most states, the
EPA has delegated regulatory authority of NPDES to state agencies.’ This has resulted in some states

developing additional regulations for smaller AFOs, or regulations pertaining to odors and air

emissions, while other states are set to meet the bare minimum requirements through the CWA.>¥

As seen in Figure A6 and A7, the concentration and settlement of CAFOs varies greatly

across the U.S., and CAFO regulations tailored to the state allows states to regulate based on their

1 CAFOs do not exist in Alaska, Massachusetts, and Rhode Island
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needs.** Additionally, varying resources available for states to monitor and enforce regulations has
resulted in some states having undocumented CAFOs and violations under NPDES due to the
agency’s inability to properly regulate.”®?*° This has not only resulted in states having different
public-use data sets of CAFOs (some including all AFOs, some only CAFOs), but with a varying
degree of accuracy. This has made comparisons and conclusions across the few studies in the US
difficult. Studies thus far are a contribution to the literature and strengthen our understanding of the
potential health risks or benefits of living near CAFOs. However their greatest impact is likely at the
state-level, where legislation and policy-making can be tailored to the unique settlement of people,
CAFOs, and conflicts between the two. Additional studies would strengthen our understanding of

the potential human health risks and benefits of CAFOs at the local and state-level.

Wisconsin is second only to California in terms of the number of dairy CAFOs, total dairy
animal units, and milk produced, and continues to lead the country in cheese production.” Over 90%
of the CAFOs in Wisconsin are dairy, and University of Wisconsin-Madison economists estimate
that CAFOs accounted for 40% of state milk production in 2013 compared to 22% in 2007, and the
percent of production from CAFOs continues to grow.?*” Wisconsin’s dairy farms are an enormous
benefit to the state economy, generating 43.4 Billion each year for the state’s economy.”® This is
more than the combined value of citrus to Florida, potatoes to Idaho, apples to Washington and
raisins to California.”® Improved efficiency in production over the last several decades has resulted in
fewer, but larger farms.”® A survey among farmers in Wisconsin in 2008 from the UW found 74% of
farmers said efficiencies in production, which included the ability to increase their herd, afforded
them more time with family, less stress, and improved quality of life.?*®

Yet, Midwest Environmental advocates have reported increasing conflicts between CAFOs
and communities with an increase in the number lawsuits as farm sizes continue to

241

increase.0-88:118.239.240 while Wisconsin has improved siting laws around large farms,?*! it has not
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done much more beyond the minimum NPDES regulations under the CWA. Not only does
Wisconsin not have any mandatory air and odor regulations, but Wisconsin has removed the ability
for local communities to regulate CAFOs beyond what the state level sets.**? They have also
strengthened protection of CAFOs from civil tort litigations under the state’s right-to-farm law.**?
Changes made to the 1997 legislation now require that a citizen prove both that they 1) did not come
to the nuisance AND 2) that the nuisance is a threat to their health.!'!>*? Proving a nuisance is a
threat to one’s health is more akin to a public nuisance claim, than a private one.!'® With litigation
fees falling on the citizen if they lose their case, most are not willing to risk filing a tort claim.?** Not
to mention, proving a specific source is the cause of a health condition is difficult to do for
professionals in a court of law, let alone for an untrained citizen. Yet, there have been no
epidemiology studies in the state which aim to objectively assess any relationship between living
near CAFOs and respiratory health effects. In fact, this is common across most states, where
delegation of the NPDES permitting by the EPA is typically to an agency such as the Department of
Natural Resources, without a primary mandate to address public health.”

This study aims to add to the growing national and international literature assessing whether
there are any associations between residential proximity to CAFOs and respiratory health. This study
is also the first epidemiology study in Wisconsin to specifically look at residential and school
proximity to CAFOs and respiratory health in Wisconsin. While this study will not provide any
answers for residents in the state living near CAFOs, it does start to build the foundation of research
which is needed to help inform future policy and regulation decisions. Additionally, this study adds
to the rural asthma and allergy literature. More research is warranted as researchers and experts
continue to tease out what factors potentially make farming exposure protective and which factors
potentially make farming deleterious. Lastly, with natural resource protection as the current

regulatory focus under NPDES, more research is need which addresses health-based concerns of
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CAFOs and whether future regulations should consider human health as an additional primary

regulatory focus.

1.4 Specific Aims
Aim 1: Determine whether residential proximity to concentrated animal feeding operations is
associated with the prevalence of allergies, asthma, or reduced lung function (via spirometric
measures) among an adult population.
Hla. Among adults residents, asthma and allergy outcomes will be more prevalent among
those living closer to a CAFO than among those living further away.
H1b. Average lung function will be lower among rural residents living closer to a CAFO
when compared to those living further away.
Hlc. A dose-response effect will be seen where stronger positive associations will be found
when closer to a CAFO and lessen as one moves away from a CAFO, when compared to

someone living very far from a CAFO.

Aim 2: Determine whether residential proximity to concentrated animal feeding operations is
associated with the prevalence of asthma or reduced lung function (via spirometric measures) among
children and adolescents
H2a. Among children and adolescents, asthma outcomes will be more prevalent among those
living closer to a CAFO than among those living further away.
H2b. Average lung function will be lower among residents living closer to a CAFO when
compared to those living further away.
H2c. A dose-response effect will be seen where stronger positive associations will be found
when closer to a CAFO and lessen as one moves away from a CAFO, when compared to

someone living very far from a CAFO.
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Aim 3: Develop a more refined relative potential risk of exposure to air emissions from nearby
CAFOs using data on fate and transport from atmospheric modeling and biological systems
engineering. Compare model fit of relative exposure metric versus distance alone as a proxy measure
of exposure to CAFO air emissions. Assess whether higher relative exposure metric is associated
with increased prevalence of asthma and decreased lung function among children and adolescents.
H3a. The cumulative relative exposure metric, which accounts for number of animal units,
distance, wind speed and wind direction from CAFOs to the participant’s home and school,

will produce a better model fit with asthma and lung function outcomes than distance alone.

H3b. Those with a higher potential risk of exposure will have increased prevalence of asthma

and reduced lung function.
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1.5 Theory and Conceptual Framework

Other sources of air pollution:
Industries, landfills, vehicles,
construction

! ALLERGIES
¥ AIR POLLUTION ASTHMA
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(residential ) RESPIRATORY SYMPTOMS
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POTENTIAL CONFOUNDERS
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Home environment: Age

Mold, dust, smoking in Pets

home, pesticide use Smoking status
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Daycare / # of

Access to Gender siblings / family size
health care /

Insurance Genetics Respiratory infection in early life

Figure 2. Overall conceptual framework for Aims 1 and 2. The dotted lines represented potential
associations, while the solid lines represent established associations from prior research. While it is well
documented that CAFOs release air emissions which can increase the risk of asthma and respiratory
among CAFO workers, it is not well established the extent to which CAFOs contribute to local air
pollution and affect the respiratory health of community members. Aim 1 and 2 investigate the
association between residential proximity to a CAFO and allergy, asthma, and lung function (red dotted
line), where proximity to a CAFO is a surrogate for the potential relative exposure to air pollution from
a nearby CAFO since actual air emissions near the home are not being measured. Other sources of air
pollution, such as industries and vehicles, have been associated with increased prevalence of asthma and
decreased lung function among nearby residents. These other sources of air pollution are tested as
confounders to ensure those living near CAFOs are also not more or less likely to live near other sources
of air pollution. Additional environmental and individual characteristics that have been found to be
associated with the asthma and allergies were tested as confounders to a ensure those living near CAFOs
were also not more likely to have other known risk factors which may be explaining any associations
seen with the outcome.
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Figure 3. Simplified conceptual framework for Aim 3. Several factors have been identified as
influencing the quantity of air emissions outside of a CAFO facility — including wind direction, wind
speed, distance from the site, as well the number of livestock and management practice/facility
technologies. Aim 3 investigates if proximity to CAFOs is associated with asthma and lung function,
taking into account distance, wind direction, wind speed, approximate time spent at both home and
school, and local/regional effects of all CAFOs. Aim 3 combines a proxy measure of potential exposure
while at school and home among children and adolescents, and uses a framework similar to Figure 2 for
testing confounders.
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Chapter 2. Residential proximity to concentrated animal feeding operations
and allergic and respiratory disease

2.1 Abstract

Background: Air emissions from concentrated animal feeding operations (CAFO) have been
associated with respiratory and allergic symptoms among farm workers, primarily on swine farms.
Despite the increasing prevalence of CAFOs, few studies have assessed respiratory health
implications among residents living near CAFOs and few have looked at the health impacts of dairy

CAFOs.

Objectives: The goal of this study was to examine objective and subjective measures of respiratory
and allergic health among rural residents living near dairy CAFOs in a general population living in

the Upper Midwest of the United States.

Methods: Data were from the 2008-2016 Survey of the Health of Wisconsin (SHOW) cohort
(n=5338), a representative, population based sample of rural adults (age 18 +). The association
between distance to the nearest CAFO and the prevalence of self-reported physician-diagnosed
allergies, asthma, episodes of asthma in the last 12 months, and asthma medication use was examined
using logistic regression, adjusting for covariates and sampling design. Similarly, the association
between distance to the nearest CAFO and lung function, measured using spirometry, was examined
using multivariate linear regression. Restricted cubic splines accounted for nonlinear relationships

between distance to the nearest CAFO and the aforementioned outcomes.

Results:

Living 1.5 miles from a CAFO was associated with increased odds of self-reported nasal allergies
(OR=2.08; 95% CI: 1.38, 3.14), lung allergies (OR=2.72; 95% CI: 1.59, 4.66), asthma (OR=2.67;
95% CI: 1.39, 5.13), asthma medication (OR=3.31; 95% CI: 1.65 6.62), and uncontrolled asthma,
reported as an asthma episode in last 12 months (OR=2.34; 95% CI: 1.11, 4.92) when compared to
living 5 miles from a CAFO. Predicted FEV1 was 7.72% (95% CI: -14.63, -0.81) lower at a
residential distance 1.5 miles from a CAFO when compared with a residence distance of 3 miles

from a CAFO.
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Conclusions: Results suggest CAFOs may be an important source of adverse air quality associated
with reduced respiratory and allergic health among rural residents living in close proximity to a

CAFO.

Abbreviations: Odds Ratio, OR; Confidence Interval, CI; Forced Expiratory Volume in one second,
FEV1

Keywords: Air pollution, concentrated animal feeding operation, lung function, allergies, asthma

2.2 Introduction

Over the last several decades, large livestock farms, including concentrated animal feeding
operations (CAFOs), have increasingly replaced small farms across the globe. The change in
normative agricultural practices from smaller farms to large-scale farming productions, while more
efficient for meat production, may have unintended public health risks. CAFOs increase both the
quantity and concentration of airborne particulates, gases, and vapors associated with farming.* More
than 400 compounds have been found in and around CAFO facilities, including volatile organic
compounds (VOCs), endotoxins, ammonia, and hydrogen sulfide.* While respiratory health effects
among CAFO farm workers are well documented,”®?!” less is known about the extent to which
CAFO air emissions affect the health of nearby residents.

Beyond increasing air emissions, potential for increased exposure to emerging antibiotic
resistance microorganisms and outbreaks of zoonotic viral and bacterial pathogens have drawn
attention to potential health risks among residents living near CAFOs.!7%!77-2** Several agents, such
as ammonia, hydrogen sulfide, endotoxins, and viral and bacterial pathogens from animal manure
can be absorbed by dust particles and stay airborne for long periods and travel several miles,

potentially exposing nearby residents to elevated levels of livestock-related agents.>%°
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Three studies in the United States (U.S.) found the prevalence of asthma to be higher among

3135 and living,* near swine CAFOs. Studies among

children and adolescents attending schools,
adults have found more mixed results. Two ecological studies among adults in the Netherlands’ and
Greece'* found null results when assessing residential proximity to livestock farms with allergy and
asthma outcomes. Yet, an ecological study in North Carolina, U.S. found the prevalence of wheezing
to be higher among adults living near swine CAFOs.'> Two studies in rural Germany found the
number of animal houses near a residence and measured ammonia levels to be associated with
decreased lung function in adults.'*!* However, only measured ammonia levels were associated with
sensitization of allergies."

Three Netherlands studies found mixed results using general practice electronic medical
records (EMR) to identify cases and controls of asthma and allergies. Inverse associations were
found between distance to the nearest farm and asthma, allergies, and COPD '*!! and negative
associations between the numbers of livestock farms within 1000 m of residence and lung
function.”* Yet living within 1000 m of more than 11 farms had increased odds of wheezing and
COPD,'° and measured ammonia was associated with decreased lung function.??? The only adult
study in the U.S. to use EMR found living near a CAFO was associated with increased odds of
asthma medication use and asthma-related hospitalizations.'®

Several of the aforementioned studies relied on convenience samples'*!>3!

of people living
near 2-3 identified livestock operations, or small regions consisting of a few rural towns in
Germany'>!® or a rural county in the U.S.*° While studies in the Netherlands'®!!*?? have used
population-based study samples using electronic medical records from general practices, only one
study in the United States has attempted to done so by using asthma hospitalization, emergency, and
medication data from Geisinger Clinic in Pennsylvania.'® Generating generalizable results from clinic

data in the United States can be challenging as those who do not seek medical care due to

inconvenience, cost, or lack of insurance go unreported.
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The number of studies on the effect of CAFO air emissions exposure on respiratory health
among nearby residents are limited and results are inconsistent. Furthermore, many prior studies have
grouped exposure to CAFOs, removing individually variability. This study advances understanding
of public health implications of CAFOS by using cubic spline regression to examine the association
between residential proximity to CAFOs and respiratory health effects in order to account for non-
linearity and retain individual levels of exposure This study also uses a well-characterized, rural
sample of Wisconsin residents. Wisconsin ranks second after California as the state with the largest
number of dairy cows,** over 90% of its CAFOs being dairy CAFOs.*’ To our knowledge, no

studies to date have looked at respiratory effects among residents living near dairy CAFOs.

2.3 Materials and Methods

2.3.1 Study Sample

Data came from the 2008-2016 Survey of the Health of Wisconsin (SHOW) state-wide
sample of adults ages 18 and older (n = 5,338). SHOW participants are randomly selected using a
probability sampling proportion to size with replacement (PPSWR) approach.**® Between 2008-
2013, a two-stage probability-based cluster sampling was used to randomly select census block
groups (stage 1) and household addresses (stage 2) annually within strata of region and poverty
level.>*¢ SHOW 2014-2016 cohort was designed as a three-year sample instead of an annual sample
as in prior years. A three stage cluster-sampling approach was employed. One county per strata was
randomly selected within strata of county mortality rates, followed by random selection of census
block groups by poverty status strata. Then 30-35 residential households were randomly selected via
US postal service listings.

SHOW recruits 400-1,000 participants every year. Across all years of the study, on average

67% of individuals who screen eligible complete each study component (interview and exam).
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However, participation rates vary from 47% in some urban communities to greater than 80% in some
rural communities.

Figure 4 describes the analytic sample selected for this study which includes a subset of
1856 (35%) rural participants among the 5338 SHOW subjects. Participants were considered rural if
their residence was located in rural census block group defined by the U.S. Census Bureau as having
fewer than 2,500 people.?*’ Additionally, 32 subjects who reported farming as their current
occupation were excluded due to increased likelihood of occupational contact with livestock.
Subjects with missing data on any of the respiratory outcomes or confounders of interest were also
excluded from analyses, resulting in a final sample size of 1547 for asthma and allergy outcomes,
and 1395 for objectively measured lung function outcomes. Detailed allergy data was only collected
for 2008-2013 SHOW cohort, resulting in n=1019 for detailed allergy analyses. All residential
household addresses were geocoded using CENTRUS software (Pitney Bowes Inc., Stamford, CT)
and linked to the nearest CAFO using ArcGIS v10.3 software (ESRI, Redlands, CA). Figure 5

displays a map of the study sample by census block group.
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Figure 4. Flow chart of the study sample, depicting exclusion criteria and sample size.
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Figure 5. Map of study sample depicting rural SHOW participant residences by census block group.
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2.3.2 Concentrated animal feeding operations (CAFOs)

Data on CAFO location, type (dairy cow, hog, chicken, or turkey), years of operation and
total animal units are maintained by the Wisconsin Department of Natural Resources’ (WDNR) and
Department of Agriculture, Trade and Consumer Protection (DATCP) under the Wisconsin Pollutant
Discharge Elimination System (WPDES) program. WPDES falls under the Clean Water Act (CWA)
National Pollutant Discharge Elimination System (NPDES) which requires states to regulate point
source pollution to waters of the entire United States. CAFOs are defined by the CWA [Section
502(14)] as point sources, thus requiring a discharge permit and monitoring by WPDES.

CAFOs are defined as an animal feeding operation (AFO) where the following conditions are
met: 1) animals are confined for a total of 45 days or more in any 12-month period and 2) animals do
not have access to crops, vegetation or forage growth in the normal growing season. AFOs that have
1000 or more animal units (1 animal unit = 1000 pounds of live animal weight) are considered a
large CAFO (1000+ cattle, 700+ dairy cows, 2,500+ swine, 55,000+ turkeys). Medium CAFOs (300-
999 cattle, 200-699 dairy cows, 750-2,499 swine, 16,500-54,999) are additionally regulated under
WPDES if the facility has a manmade ditch or pipe that carries manure or wastewater to surface
water or if the animals come into contact with surface water that passes through the area where they
are confined.*®

According to publicly available data downloaded from WDNR WPDES program there were
a total of 284 CAFOs operating in Wisconsin in 2016. Ninety percent (244 large, 2 medium) were
dairy CAFOs, followed by swine (5 large, 9 medium), beef (10 large, 3 medium), poultry (1 medium,
10 small).

Publicly available data were limited, therefore additional data including the location, start
date, and end date of all permitted CAFOs established between 2007 and 2015 was obtained via an

open records request to the Wisconsin DATCP. The DATCP data was used to ensure CAFOs were
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in existence during SHOW participants’ year of participation in the study (when residential address
and health data were collected). Figure 1 from the WDNR shows the proportion of CAFOs by animal
type has remained stable over the last decade, with over 90% of the CAFOs in Wisconsin being
dairy.

Residential proximity to the nearest CAFO was used as a proxy to estimate potential
exposure to air emissions from CAFOs. Distance from a participant’s residence to the nearest CAFO
was calculated using the “Near” tool in ArcGIS (ESRI, Redlands, CA). Participants were linked by
cohort year to the nearest CAFO, only including CAFOs that were in existence during both the year

they participated AND the year prior.

2.3.4 Allergy, asthma, and lung function

Self-report history of respiratory allergies and asthma was collected during in-home
interviews. Current allergies was defined as having reported “yes” to the survey question “Do you
still have allergies or hay fever?” as a follow-up to the question “Has a doctor or other health
professional ever told you that you had allergies or hay fever?” Allergy type was defined based on
response to the question “Where do allergy symptoms occur?” For this analysis individuals with
nasal, sinus, lung, eye, and skin as sites of allergies most likely to be triggered by CAFO air
emissions were included. Those reporting digestion, food, or insect allergies were unlikely to be
related to proximity to CAFOs and were defined as not having respiratory allergies.

Participants were defined as having current asthma if they responded yes to the survey
question “Do you still have asthma?” which is a follow-up to the question “Has a doctor or other
health professional ever told you that you had asthma?”” Those who report having current asthma are
also asked “During the last 12 months, have you had an episode of asthma or an asthma attack?” and

if they have taken prescription medication to prevent or stop asthma attacks within the last 30 days.
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Forced expiratory volume in one second (FEV1) and forced vital capacity (FVC) were
measured via spirometry using an electronic peak flow meter (Jaeger AM, Yorba Linda, CA), and
validated protocol.**® Trained technicians gave study participants explicit directions on how to
breathe into the spirometry device. Measurements were considered valid if two FEV1 and FVC
readings were within 10% of the highest value measured. FEV1 to FVC ratio (Tiffeneau index) and
percent predicted FEV1 (FEV1 divided by predicted FEV 1) were also assessed to account for inter-
individual variability in lung function measurement. Predicted FEV1 was calculated using sex, race,

age, and height as defined by the NHANES general U.S. population.**

2.3.5 Covariates and confounding

Self-reported demographic data including age (years), gender (male vs. female), education
(high school or less, some college, and bachelor’s degree or higher) and household income were
gathered via personal interviews. Poverty to income ratios were calculated using U.S. Department of
Health and Human Services poverty guidelines and the midpoint of the household income range
identified by the participant. Body mass index (BMI) was calculated from measured weight and
height as kg/m?. Physical activity was defined as Metabolic Equivalent of Task (MET)-minutes/week
of moderate or vigorous activity using self-report data from a modified International Physical
Activity Questionnaire — IPAQ.?° Income, BMI and MET-minutes/week were used as continuous
variables in all statistical models, but log transformed to adjust for skewness. Additional self-reported
questionnaire items assessed as potential confounders include: home smoking policy, household pets,
smell of mildew or mold inside, and the use of any pesticides inside the home in the last 12 months.
Sensitivity analyses were also run to test for potential confounding by previously identified
environmental sources of allergies and respiratory health in the population®' residential proximity to

the nearest primary or secondary roadway and industry were also examined.
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2.3.6 Statistical analysis

Restricted cubic splines functions were applied to the residential distance in order to account
for nonlinear relationships between distance to the nearest CAFO and respiratory health. Knots were
placed at the minimum, maximum, and 25®, 50%, 75" percentiles of the distance variable (0.24, 6.17,
9.07,17.9, 69.9 miles). Univariate as well adjusted multiple linear (lung function outcomes) and
logistic (allergic and asthma outcomes) regression models were used to examine associations
between residential proximity to a CAFO and respiratory health. Potential confounders selected a
priori from the literature. Covariates that did not change the main effect estimate by more than 10%
were excluded from the multivariate models. An adjusted odds ratio (OR) or an adjusted beta-
coefficient value with two-sided p-value < 0.05 was regarded as statistically significant. To acquire
estimates from the spline regression, comparisons were made between different residential distances,
while holding confounders constant. Residential distances of interest were chosen a priori from

14.2022.37.252 " and from univariate spline

literature estimating air pollution and distance from CAFOs
regression trends between distance to nearest CAFO and each outcome. SAS version 9.4 (SAS

Institute Inc. Cary, NC) was used for all statistical analyses. All adjusted analyses included sampling

weights to account for sampling design, response rates and spatial clustering.

2.4 Results

Unadjusted cubic spline plots revealed the log odds of asthma and allergy outcomes
decreased, and lung function increased, as distance from a CAFO increased, leveling off at around 5
miles (Figure B1). Therefore, results include comparisons between distances of 1-3 miles compared
with 5 miles from a CAFO. Descriptive characteristics of the study population by residential
proximity to the nearest CAFO are presented in Table 1. The majority of the study population (72%)

lived > 5 miles from a CAFO, four percent (n=65) lived < 1.5 miles of a CAFO and 23 percent
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(n=361) lived 1.5-5 miles from a CAFO. Those living near a CAFO (< 1.5 miles) were more likely to
be males, never-smokers, younger, less educated and diagnosed with asthma when compared with
those living middle-distance (1.5-5 miles) and far (> 5 miles) from a CAFO. Those living near a
CAFO were also less likely to live near a major roadway and have allergies when compared to the
populations living middle-distance and far from a CAFO (Table 1).

Close residential proximity to a CAFO (living within 1-3 miles) remained positively
associated with reporting any allergy symptoms even after controlling for gender, age, BMI, smoking
status, education, income, pet ownership (Figure 5). Mold in the home, smoking policy in the home,
indoor chemical use, and residential proximity to an industrial site and roadway did not change the
main effects and were not included in final models. Odds of allergies was more than 2-fold when

comparing living 1 and 1.5 miles from a CAFO to 5 miles from a CAFO



Table 1. Characteristics of the study population.
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Residential distance from nearest CAFO

Total Study <= 1.5 miles 1.5-5 miles >= 5 miles
Sample 2.4 km 2.4-8 km 8 km
(n=1547) (n =65) (n=361) (n=1121)
N % % % p-trend
Gender 0.82
Male 682 47.7 443 43.8
Female 865 52.3 55.7 56.2
Age (in years) 0.48
18-39 320 23.1 18.8 21.1
40-59 711 44.6 50.1 44.7
60-94 516 323 31.0 342
Race 0.12
White (non-Hispanic) 485 98.5 93.9 92.3
Non-white 42 L.5 6.1 7.7
Education 0.67
H.S./GED or less 475 38.5 31.0 30.2
Some college 606 36.9 38.2 39.6
Bachelors or higher 466 24.6 30.7 30.2
Income 0.0001
< $25,000 246 6.2 11.6 17.8
$25,000 - $49,999 401 43.1 23.8 25.6
$50,000 - $99,999 590 354 45.7 359
>$99,999 310 15.4 18.8 20.7
Smoking Status 0.84
Current 247 13.8 15.0 16.4
Former 488 27.7 32.1 31.6
Never 812 58.5 52.9 52.0 0.39
BMI
<25 381 20.0 28.0 23.8
25-30 501 38.5 29.9 32.8
> 30 665 41.5 42.1 43.4
Physical Activity
<600 Met Min / wk 392 24.6 27.7 24.6 0.50
>= 600 Met min / wk 1155 75.4 72.3 75.4
Proximity to major
roadway 0.02
< 300 meters 493 20.0 28.5 33.6
>= 300 meters 1054 80.0 71.5 66.4

CAFO: concentrated animal feeding operation; km: kilometer; N: number; H.S.: high school; GED: General

Education Development test; BMI: body mass index; wk: week.

P-trend: statistical significance by Chi-square test
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(OR=2.55; 95% CI: 1.49,4.36 and OR=2.02; 95% CI: 1.33, 3.08) and decreased as distance from a
CAFO increased. Similar associations were seen among those with nasal- and lung-specific allergies,
with the strongest associations seen with lung allergies. The adjusted odds of lung allergies was
consistently more than 2-fold higher among those living 1-3 miles from a CAFO when compared to
those living 5 miles from a CAFO. Tables B1 and B2 show results of all distance comparisons made
for the previously mentioned allergy outcomes, along with current allergies assessed with the entire
2008-2016 cohort. While results indicate residential proximity is associated with eye and dermal
allergies, none of the results were statistically significant (Table B2).

Residential proximity to a CAFO was similarly associated with asthma and asthma control
measures, including one or more asthma attacks in the last 12 months or taking asthma medication.
Reporting current asthma was consistently about 1.8-1.9 times greater among those living 1-3 miles
versus 5 miles from a CAFO (Figure 6). The odds of ever being diagnosed with asthma was 3.11
(95% CI: 1.49, 4.36) and 2.67 (95% CI: 1.33, 3.08) when comparing 1 and 1.5 miles from a CAFO to
5 miles from a CAFO. Similar to the associations seen with current and nasal-specific allergies, the
odds of doctor diagnosed asthma and asthma medication use decreased as distance from a CAFO
increased. Those living 1, 1.5, 2, 2.5 miles from a CAFO, asthma medication was 4, 3, 2.5, and 2
times greater, respectively, when compared to those living 5 miles from a CAFO; all associations
statistically significant. Odds of an asthma attack were consistently 2-fold higher at 1-3 miles versus
5 miles from a CAFO, with the odds being 2.34 (95% CI: 1.11, 4.92) times higher at 1.5 miles versus

5 miles from a CAFO.
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Figure 6. Results of logistic regression assessing asthmatic outcomes by restricted cubic spline of
residential distance to the nearest CAFO. Residential distances of 1, 1.5, 2, 2.5 and 3 miles (1.6, 2.4, 3.4,
4.0, 4.8 km) from a CAFO were compared with a residential distances of 5 miles (8.0 km) from a CAFO.
Models are adjusted for gender, age, poverty to income ratio, education, BMI, smoking status, pet
ownership and proximity to major roadways.

Among the SHOW 2008-2013 cohort, the odds of reporting both allergies of nose or lungs
and current asthma was 2.67 (95% CI: 0.97, 6.38) times greater and 2.14 times greater among those
living 1 and 1.5 miles from a CAFO when compared to those living 5 miles from a CAFO (Figure 7).
Associations were lower at 2 and 2.5 miles but increased again to 2.74 (95% CI: 1.43, 5.23) when
comparing 3 miles to 5 miles from a CAFO. This finding suggests that those in this study population
with the presence of asthma or allergies may have allergic asthma. Results of all distance
comparisons made with the aforementioned asthma outcomes can be seen in Table B3. Similar

directional associations are seen when distances of 1-3 miles are compared with 3, 4, and 6 miles as a

reference value instead of 5 miles.
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Figure 7. Results of logistic regression assessing allergic outcomes by restricted cubic spline of residential
distance to the nearest CAFO. Residential distances of 1, 1.5, 2, 2.5 and 3 miles (1.6, 2.4, 3.4, 4.0, 4.8
km) from a CAFO were compared with a residential distances of 5 miles (8.0 km) from a CAFO. Models
are adjusted for gender, age, poverty to income ratio, education, BMI, smoking status, pet ownership and
proximity to major roadways.

FEV1 percent predicted and FEV1/FVC were significantly lower among individuals living 1-
3 miles from a CAFO when compared to those living 5 miles from CAFO (Figure 8).While not
statistically significant, Figure 8 shows FEV1 percent predicted was 11.31 L/s (95% CI: 0.51, 23.14)
lower at 1 mile, and 7.00 L/s (95% CI: 2.26, 16.26) lower at 1.5 miles, when compared with 5 miles
from a CAFO. The difference in FEV1 percent predicted decreased at 2 and 2.5 miles versus 5 miles
until it reached 0 when comparing 3 miles versus 5 miles from a CAFO. FEVI/FVC was 0.039 (95%

CI: 0.008, 0.07) lower at 1 mile, and 0.027 (95% CI: 0.003, 0.051) lower at 1.5 miles, when
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compared with 5 miles from a CAFO. Results of all distance comparisons, including FEV1 and FVC

outcomes, can be found in Table B4.

A)

5.0

0.00
® -0381

® -341
-5.0

® -7.00

-10.0
@ -11.31 -

-15.0

-20.0

Difference in FEV1 % Predicted

-25.0
1v5 1.5v5 2v5 25v5 3v5

B)

0.12
0.10
0.08
0.06

0.04
® 0.033

0.02

0.00

-0.008
-0.02 -0.017

0.039 -0.027
-0.04 — o

Difference in FEV1/FVC

-0.06

-0.08
1v5 1.5v5 2v5 25v5 3v5

Figure 8. Results of linear regression assessing (A) FEV1% predicted and (B) FEV1/FVC ratio by restricted cubic
spline of residential distance to the nearest CAFO. Residential distances of 1, 1.5, 2, 2.5 and 3 miles (1.6, 2.4, 3.4,
4.0, 4.8 km) from a CAFO were compared with a residential distances of 5 miles (8.0 km) from a CAFO. Models are
adjusted for gender, age, poverty to income ratio, education, BMI, smoking status, pet ownership, height, and
physical activity.



59

2.5 Discussion

These findings add to the emerging body of literature regarding public health impacts of
concentrated animal feeding operations among rural populations. Much of the existing research has
been conducted in Europe. This one of the first studies to examine how rural respiratory health is
potentially influenced by farming practices in a general population based sample of adults in the
United States. Among this well-characterized population-based sample, household proximity to a
CAFO was associated with numerous respiratory outcomes including increased odds of self-reported
allergies and asthma, and decreased lung function.

Our ability to explore nonlinear relationships between proximity to a CAFO and respiratory
health outcomes was a strength of this study. We found spatial associations between living within 3
miles of a CAFO and increased prevalence of allergies, asthma, and decreased lung function. A 5
mile reference cut point was determined from visual plots of the cubic spline function of distance to
the nearest CAFO regressed by each respiratory outcome. Our study found health effects tend to
follow a similar nonlinear decline with distance from CAFOs as O'Shaughnessy and Altmaier’s
(2011) atmospheric dispersion modeling found when modeling H>S emitted from swine CAFOs in
TIowa showed where background levels were reached at 3-4 miles from a CAFO.*¢

Study findings are consistent with, and add strength to other U.S.-based studies of asthma
and allergy symptoms among people living near AFOs or CAFOs. Pavilonis et al., (2013) found
cumulative exposure to AFOs < 3 miles from residence was associated with an increased odds of
asthma (1.51 p=0.014) and asthma medication or wheeze (1.38 p =0.023) among school age
children.”' Similarly, Rasmussen et al. (2017) found adult asthmatics recruited from a clinic based
sample and living within 3 miles of a CAFO compared > 3 miles had increased odds of ordering
asthma medications (OR =1.11 (95% CI: 1.04, 1.19) and asthma hospitalizations (OR=1.29; 95% CI:

1.15, 1.46).'° The smaller farm sizes may have contributed to the smaller effect sizes seen in
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Pavilonis et al. (2013) study. Not to mention, children may not present asthma symptoms until later
in life, or may be less likely to have received a diagnosis than adults. The focus on hospitalizations
and emergency department visits'® may have underestimated asthma events by excluding those who
live near CAFOs but do not seek medical care due to being uninsured, financially insecure, or far
from services.

To our surprise, we found stronger associations with doctor diagnosed asthma than with
current asthma. This was likely due to misinterpretation and timing of the survey questionnaire.
Cross-tab frequencies on current asthma and asthma medication in the last 12 months revealed
several participants reported not having current asthma because it is under control from taking
asthma medication. Therefore, asthma medication use, episodes, and doctor diagnosed asthma may
be more reflective of asthma prevalence

Current allergies of any type and nasal allergies were 2.5 times higher at 1 mile from a
CAFO, and decreased to 1.3 times higher at 3 miles from a CAFO when compared to 5 miles from a
CAFO. Lung allergies remained 2.2-2.6 times higher at distances 1-3 miles from a CAFO when
compared to 5 miles. Our ability to assess allergy by type is a unique contribution, and something
few studies have been able to do. Our study confirms findings from a few U.S. studies that have
looked at proximity to CAFOs and allergies or allergy-like symptoms. Wing and Wolf (2000) found
those living within 2 miles of a CAFO had increased prevalence of running nose, coughing,
headache, itchy eyes, running nose, and sore throat.'> Mirabelli et al. (2006) found stronger
associations with adolescents attending schools within 3 miles of a CAFO and asthma when stratified
by those with allergies.*

Findings in the U.S, are largely in contrast to those found in Europe, particularly in Germany
and Netherlands, where proximity cut points are typically at 500m (0.31 miles) or 1000m (0.62
miles).!%!322? Several factors may contribute to this. For example, European confined livestock farms

are generally smaller than in the U.S., densely clustered, and located in areas of higher population
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density. Thus, shorter distance cut points and livestock farm counts within 500 or 1000m are more
appropriate. Borlée et al. (2017, 2015) is one of the few studies to assess nonlinear associations using
cubic splines of CAFO proximity and nasal allergies, finding inverse results to those seen in this
study.'%??2 Borlée et al. (2015) and Smit et al. (2014) both found inverse associations with doctor
diagnosed asthma and allergies using EMR data in the Netherlands.'!! Hooiveld et al. (2016),
another Netherlands study which used EMR data found null results, but did not use individually
measured exposure data as seen in the other two Netherlands studies.'? found self-reported asthma
and nasal allergies were associated with increased livestock farm odor in Germany, but the number
of animal houses near the home was not a predictor of allergies or specific sensitization."? is one of
the few European studies to find those exposed to higher ammonia levels from livestock farms to be
4.2 times more likely to be sensitized against ubiquitous allergens.

Findings from European studies largely suggest livestock farms provide a protective, if any,
effect and support the hygiene hypothesis, specifically with allergy endpoints. Recent research
suggest that it may not just be the dose of microbial products from farming exposure which promotes
a protective or harmful effect, but the type of microbial products may also play an important role.'”®
Exposure to small-scale farming has been associated with having a more diverse microbiome which
may increase immune function and may explain the protective effect seen against allergies and
respiratory outcomes seen in Europe.'?* While distance cut points and settlement of livestock farms
in relation to residences are different, the contrast in results suggests other differences may exist
between the studies in the U.S. and Europe. Differences in the livestock farms themselves, the
microbial diversity emitted, the regulations imposed on them, or the populations living near them
may contribute to the different study findings.

Lung function was positively associated with proximity to a CAFO, with lung function
improving as distance from a CAFO increased. Unlike with allergies and asthma, we found similar

effect sizes, although most non-significant, as seen in European studies among adults. A distance of



62

1.5 miles was associated with -7.0% predicted FEV when compared with a distance of 5 miles from a
CAFO. Schulze et al. (2011) found a -8.19 % predicted FEV1 among those with average ammonia
concentration greater than or equal to 19.71 ng/m3 when compared to those with levels below.
Similarly, Radon et al. (2007) reported a -7.4 % predicted FEV1 among those more than twelve
animals houses within 500m of home. While definitions of exposure to CAFO varied, the fact that all
three studies found very similar results suggests residential proximity to a CAFO, or many AFOs, is
likely associated with decreased lung function.

As one of the first studies in the U.S. to use a statewide, population-based sample of adult
residents to assess multiple respiratory health effects among people living in proximity to CAFOs,
this study has numerous strengths. Prior U.S. studies have tended to rely on grouped exposures,
removing individually variability among the exposure.'>!®3!3% Our study was able to report on the
nonlinear association between proximity to the nearest CAFO and respiratory health outcomes in the
U.S., providing an important link between dispersion modeling of CAFO emissions and human
health effects.

While utilizing a population-based statewide sample is a strength of this study, it is also a
limitation. Rare exposures, such as living near a CAFO in the U.S., can result in low power and are
best studied with cohort studies where subjects are selected by exposure status. Low power may have
resulted in our inability to detect interaction with proximity to a CAFO and smoking status. Though
we carefully controlled for multiple confounding factors, residual confounding or confounding by
other unmeasured factors may affect estimated associations. We attempted to remove participants
with current livestock exposure by excluding those with a farming occupation; we were not able to
separate all current or historical occupational or lifestyle exposures to livestock. If we had been able
to it may have influenced our results on allergies. Furthermore, the cross sectional nature of this
study limits our ability to ascertain the temporal association between exposure and disease in this

study. Self-report is not ideal and can lead to recall bias, however asthmatic and allergic symptoms
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may go clinically underreported in rural Wisconsin, where people may be less likely to seek medical
care due to inconvenience, cost, or lack of insurance. While we had objective and self-report data on
asthma, we relied on self-report of allergies. Therefore, we were unable to definitively tease out
allergic and non-allergic asthma, something that would have strengthened the study and allowed
more comparability with other studies. Furthermore, the lack of allergic sensitization data limits
comparisons with other studies.

We were able to acquire retrospective CAFO data and ensure CAFOs linked to participant
residences were in existence prior and during their study participation. However, the farm size and
type could not be validated from this data. Additionally, we were unable to account for proximity to
non-CAFO livestock farms. The assumption being made here is that the distribution of smaller farms
is random throughout the study sample, resulting in non-differential misclassification bias. This

assumption results in estimates biased towards the null.

2.6 Conclusion

In summary, residential proximity to a CAFO among individuals from a randomly sampled
general population health survey was positively associated with self-reported nasal and lung
allergies, asthmatic outcomes, and objectively measured lung function. This study provides evidence
for respiratory health effects among residents living near dairy CAFOs. CAFOs may be an important
source to regulate as current evidence suggest that concentrated animal feeding operations,

irrespective of animal type, contribute to health disparities among rural residents.
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Chapter 3. Residential proximity to concentrated animal feeding operations,
asthma, and lung function among children and adolescents

3.1 Abstract

Background: Numerous studies have demonstrated a protective benefit of farm living on the
development of asthma by rural children and adolescents. Most of the evidence in support of the
hygiene hypothesis comes from small farm living. Yet, in the U.S. small-sized farms are decreasing
in numbers while large-scale farms are on the rise. Emerging evidence suggests exposure to large-
scale livestock farms may not offer the same protective benefits of small farm living. However, more
research is needed as to whether children living near large-scale farms are at risk of impaired

respiratory health.

Objectives: The goal of this study was to examine whether living in close proximity to a CAFO is
associated with the prevalence of asthma and decreased lung function among children and

adolescents across Wisconsin.

Methods: Data came from the 2014-2017 Survey of the Health of Wisconsin (SHOW) cohort of
children and adolescents ages 0-17 (n=867). The association between distance to the nearest CAFO
and the prevalence of self-reported physician-diagnosed allergies, current asthma, episodes of asthma
in the last 12 months, and asthma medication use in the last 3 months was examined using logistic
regression, adjusting for individual and household level confounders. Similarly, the association
between distance to the nearest CAFO and lung function, measured using spirometry, was examined
using multivariate linear regression. Restricted cubic splines accounted for nonlinear relationships

between distance to the nearest CAFO and the aforementioned outcomes.

Results: Living 1.5 miles from a CAFO was associated with increased odds of wheezing (OR=2.19;
95% CI: 1.37, 3.51), asthma medication use (OR=2.96; 95% CI: 1.62, 5.42), and uncontrolled
asthma, reported as an asthma episode in last 12 months (OR=2.42; 95% CI: 1.27, 4.61) when
compared to living 6 miles from a CAFO. No associations were found with Predicted FEV1 or

FEV1/FVC ratio and residential proximity to a CAFO.

Conclusions: Results suggest that CAFOs may be an important source of adverse air quality

associated with asthma symptoms among children and adolescents living nearby.
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Abbreviations: Concentrated Animal Feeding Operation, CAFO; Odds Ratio, OR; Confidence

Interval, CI; Forced Expiratory Volume in one second, FEV1

Keywords: Air pollution, concentrated animal feeding operation, lung function, asthma

3.2 Introduction

Asthma is one of the most common chronic illnesses of children and adolescents in the US,??
and is a leading cause of school days missed.?** While the cause of asthma is still under debate, a
mixture of environmental, lifestyle and genetic factors are known to be likely contributors of both
asthma onset and asthma exacerbations.?>>**® Among these risk factors are air pollution, an
environmental exposure for which children are particularly vulnerable '*> Children take in more air
per unit body weight at a given level of exertion than adults do, equating to a higher dose of
particulates, gases, and vapors in the air.>>”**® In addition, their developing immune system makes
them potentially more vulnerable to airborne bacteria and viruses.!” While outdoor air pollution is
generally thought to be a problem of urban settings,?*’ agricultural activities can also contribute to
rural air quality.57:5260 57.58260

Asthma has long been understood to disproportionately affect urban dwellers, with prior
epidemiology studies focused on urban populations.?*® Studies of childhood asthma in rural
communities have consistently found farm children to be less atopic, and in many cases, have lower
rates of asthma than rural non-farm children and urban children.*>*!72¢® However, recent studies are
beginning to demonstrate rural pediatric asthma prevalence to be similar to urban and suburban

asthma prevalence.?” % The challenge of teasing out the unique intersections of factors associated

with asthma and rurality likely contributed to previous perceptions of rural/urban dichotomy in
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asthma prevalence.?’® Variations in “rural” definitions, asthma diagnoses, access to healthcare, and
demographics made comparisons of these prior studies challenging as well 2"

Numerous studies have demonstrated a protective benefit of farm living on the development
of asthma by rural children and adolescents.®> Explanations for this include exposure to dust and

271-273

environmental microbial agents, and increased diversity of the nasal microbiota which can

strengthen the immune response and provide protective benefit.!”!

Exposure to farm environments in
early childhood has been shown to influence DNA methylation patterns in asthma and IgE-related
genes in peripheral blood cells.”’* These findings are consistent with the hygiene hypothesis, which
posits that childhood allergy and asthma risk is immunologically modulated in early life by exposure
to infectious agents.'*>15%27> Most evidence in support of the hygiene hypothesis comes from small
farm living.?”® Yet, in the U.S. small-sized farms are decreasing in numbers while large-scale farms
are on the rise.!63165:277

Research examining children’s exposure to large-scale, concentrated animal feeding
operations (CAFOs) and asthma is in its infancy. Only a handful of studies have assessed the
relationship between residential or school proximity to CAFOs and respiratory health among children
and adolescents.”!!3233:36.231.232 Three studies in the United States (U.S.) found the prevalence of

3135 and living,* near large

asthma to be higher among children and adolescents attending schools,
swine operations in lowa and North Carolina. A study in Yakima Valley, Washington recruited 51
children from a farm workers clinic and longitudinally measured ammonia levels every 6 days, and
collected biweekly asthma symptoms and daily FEV1 measurements over 13 months.*? The study
found ammonia concentrations were correlated with proximity to dairy animal feeding operations,
and FEV 1% predicted was lower per IQR increase in 1 and 2 day lagged ammonia levels.*? A study
in Germany estimated individual exposure to bioaerosols from livestock facilities using a dispersion

model and found estimated levels of bioaerosols to be correlated with the prevalence of asthma

symptoms among atopic children of atopic parents.¢
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The emerging evidence suggests CAFOs may have negative respiratory health effects on
children and adolescents living nearby. However, the number of studies thus far is limited. All but

32231 orouped exposure to CAFOs, removing individual variability of exposure. In

two studies
addition, exposures have focused on AFOs, smaller in size than CAFOs. States have discretion to
regulate large-scale livestock farms beyond the scope of what is required under the EPA’s Clean
Water Act National Pollutant Discharge Elimination System (NPDES) program.?** This has resulted
in variations in statewide public datasets on livestock farms, with some states having more accurate
databases of AFOs rather than CAFO-sized operations. Furthermore, the settlement, quantity, and
type of livestock farms vary across the nation. It is estimated that [owa and North Carolina have
about 10,000 and 6,500 CAFOs (mostly swine), respectively.”*?’® Whereas Washington and
Wisconsin each have between 200-300 CAFOs each (mostly dairy).*”*”” Swine, poultry, and dairy
operations can vary in terms of housing and manure storage. In fact, levels and types of bacteria and
viruses have been found to vary inside CAFO housing facilities of different animal types.?*** More
research is needed which expands this area of research to other geographic regions. Additionally,
research which considers individual measurement of the exposure and includes objective measures of
asthma, would strengthen the current literature.

This study aims to assess the association between residential proximity to CAFOs in
Wisconsin and respiratory health effects among children and adolescents. Wisconsin ranks second
after California as the state with the largest number of dairy cows 2** with over 90% of its CAFOs
being dairy CAFOs.*” Both self-report asthma outcomes and objectively measured lung function are
assessed in a well-characterized, rural sample of 6-17 year old children in Wisconsin. A cubic spline
regression is used to examine the association between residential proximity to CAFOs and
respiratory health effects in order to account for non-linearity and retain individual levels of

exposure.
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3.3 Materials and Methods
3.3.1 Study Sample

Data came from the 2008-2017 Survey of the Health of Wisconsin (SHOW) statewide
sample of children (n=867) and adults (n=6062). SHOW is an ongoing annual survey that began in
2008 and aims to recruit 400-1,000 participants every year. From 2008-2013 SHOW enrolled adults
ages 21-74 (n=3380). From 2014-2016, adults ages 18+ (n=1957) and children ages 0-17 (n=645)
were enrolled. In 2017, longitudinal follow-up was completed among 2008-2013 participants
(n=725), and 222 children and adolescents completed the SHOW study for the first time.

SHOW participants are randomly selected using a probability sampling proportion to size
without replacement (PPSWOR) approach.?*® Between 2008-2013, a two-stage probability-based
cluster sampling was used to randomly select census block groups (stage 1) and household addresses
(stage 2) annually within strata of region and poverty level.>** SHOW 2014-2016 cohort was
designed as a three-year sample. A three stage cluster-sampling approach was employed. One county
per strata was randomly selected within strata of county mortality rates, followed by random
selection of census block groups by poverty status strata. Then 30-35 residential households were
randomly selected via US postal service listings.

Across 2008-2016 years of the study, participation ranged from 56-70% among all those who
screened eligible. Response rates were higher in rural areas, and lower in urban areas. In 2017, 85%
of eligible adults from 2008-2013 successfully completed longitudinal follow-up.

Figure 9 describes the analytic sample selected for this study. This study includes a subset of
571 children and adolescents ages 6-18. Children ages <6 years were excluded due to diagnoses of
asthma rarely occurring before age 6. Subjects with missing data on any of the asthma outcomes or

confounders of interest were also excluded from analyses, resulting in a final sample size of 542 for
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asthma outcomes, and 502 for lung function outcomes. All residential household addresses were
geocoded using CENTRUS software (Pitney Bowes Inc., Stamford, CT) and linked to the nearest
CAFO using ArcGIS v10.3 software (ESRI, Redlands, CA). Figures 10a-b display maps of the

SHOW children and adolescent study population by census block group.

3.3.2 Concentrated animal feeding operations (CAFQOs)

Data on CAFO location, type (dairy cow, hog, chicken, or turkey), years of operation and
total animal units are maintained by the Wisconsin Department of Natural Resources’ (WDNR) and
Department of Agriculture, Trade and Consumer Protection (DATCP) under the Wisconsin Pollutant
Discharge Elimination System (WPDES) program. WPDES falls under the Clean Water Act (CWA)
National Pollutant Discharge Elimination System (NPDES) which requires states to regulate point
source pollution to waters of the entire United States. CAFOs are defined by the CWA [Section

502(14)] as point sources, thus requiring a discharge permit and monitoring by WPDES.
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Figure 9. Flow chart of the study sample, depicting exclusion criteria and sample size.
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CAFOs are defined according to these standard definitions as an animal feeding operation
(AFO) where the following conditions are met: 1) animals are confined for a total of 45 days or more
in any 12-month period and 2) animals do not have access to crops, vegetation or forage growth in
the normal growing season. AFOs that have 1000 or more animal units (1 animal unit = 1000
pounds of live animal weight) are considered a large CAFO (1000+ cattle, 700+ dairy cows, 2,500+
swine, 55,000+ turkeys). Medium CAFOs (300-999 cattle, 200-699 dairy cows, 750-2,499 swine,
16,500-54,999) are additionally regulated under WPDES if the facility has a manmade ditch or pipe
that carries manure or wastewater to surface water or if the animals come into contact with surface
water that passes through the area where they are confined.*® See Table A1 for a table of the EPAs
regulatory definitions for CAFOs.

According to publicly available data downloaded from WDNR WPDES program there were
a total of 284 CAFOs operating in Wisconsin in 2016. Ninety percent (244 large, 2 medium) were
dairy CAFOs, followed by swine (5 large, 9 medium), beef (10 large, 3 medium), poultry (1 medium,
10 small). Publicly available data were limited, therefore additional data including the location, start
date, and end date of all permitted CAFOs established between 2013 and 2015 was obtained via an
open records request to the Wisconsin DATCP. The DATCP data was used to ensure CAFOs were
in existence during SHOW participants’ year of participation in the study (when residential address
and health data were collected). Figure 1 from the WDNR shows the proportion of CAFOs by animal
type has remained stable over the last decade, with over 90% of the CAFOs in Wisconsin being
dairy.

Children’s residential proximity to the nearest CAFO was used as a proxy to estimate
potential exposure to air emissions from CAFOs. Distance from a child’s residence to the nearest
CAFO was calculated using the “Near” tool in ArcGIS (ESRI, Redlands, CA). Participants were
linked by cohort year to the nearest CAFO, only including CAFOs that were in existence during both

the year they participated AND the year prior.
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3.3.4 Asthma and lung function

Self-report history of asthma and wheezing was collected during in-home interviews with an
adult proxy (a parent or guardian living in the home) for child and adolescents. Participants were
defined as having current asthma if their adult proxy responded “yes” to the survey question “Does
[child’s name] still have asthma?” which is a follow-up to the question “Has a doctor or other health
professional ever told you that [child’s name] had asthma?”” Adult proxies were also asked whether
the child had an “episode of asthma or an asthma attack™ during the last 12 months, and whether the
child participant had taken medication prescribed by a doctor or other health professional for asthma
in the last 3 months. Participants were considered to have wheezing if their adult proxy reported that
their “chest sounded wheezy during or after exercise or physical activity” in the last 12 months.

Forced expiratory volume in one second (FEV1) and forced vital capacity (FVC) were
measured via spirometry using an electronic peak flow meter (Jacger AM, Yorba Linda, CA), and

1.2*® Trained technicians gave study participants explicit directions on how to

validated protoco
breathe into the spirometry device. Measurements were considered valid if two FEV1 and FVC

readings were within 10% of the highest value measured. FEV1 to FVC ratio (Tiffeneau index) and
percent predicted FEV1 (FEV1 divided by predicted FEV 1) were also assessed to account for inter-

individual variability in lung function measurement. Predicted FEV1 was calculated using sex, race,

age, and height as defined by the NHANES general U.S. population.**

3.3.5 Covariates and confounding
Adult proxies provided child participant demographics and health behaviors for children
under 12 years of age. Adolescents (12-17 years) provided these data directly, which include age
(years), gender (male vs. female), minutes/week spent in moderate to vigorous activity, and daily

servings of fruits and vegetables. Body mass index (BMI) was calculated from measured weight and
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height as kg/m* and analyzed as the child’s BMI-for-age percentile. BMI-for-age percentiles were
calculated using 2000 CDC Growth Charts. While body compositions remain stable in adulthood,
children’s body compositions vary as they age and they vary between the sexes. Therefore, children’s
weight status and BMI levels need to be expressed relative to other children of the same age and
gender rather than as categories used for adults.

Household level characteristics were derived from data collected from all adults in the home
who participated in the SHOW study. Adult data used in this study included their average household
education level, income, smoking status (if anyone in the household reported smoking yes/no), and
whether there are pets in the home. Poverty to income ratios (PIR) were calculated for all adult’s
self-reported individual incomes using U.S. Department of Health and Human Services poverty

guidelines and the midpoint of the household income range identified by the participant.

The following variables were derived from all adult participants in the home:

Derived variable: Description:
The highest education reported among all adults in the home (high
Highest Education Level school or less, some college, bachelors degree or higher)

: The average among all poverty-to-income ratios calculated for the
Poverty-to-Income Ratio verag g all poverty u
adults in the home
Household smokine status “Yes” if any adult in the home reported current smoking status
u g statu “No” if all adults in the home reported former or never smokers
Household pets “Yes” if any adult in the home reported pets in the home
“No” if all adults in the home reported no pets in the home

Number of people residing ~ The average among the total number of people living in the home
in the home reported by the adults in the home

Health insurance “Yes” if any adult reported >= 1 month Medicaid/private in last yr.
“No” if all adults reported <1 month or no insurance in last yr




76

To minimize confounding by previously identified environmental sources of asthma and
respiratory health in the population®' residential proximity to the nearest primary or secondary
roadway and industry were also tested as confounders. Roadway data were obtained from the United
States Census 2010, and the MAF/TIGER Feature Class Code (MTFCC) and Road Type Code
(RTTYP) were used to identify roadway segments as primary and secondary (See Table A2 for US
Census roadway type details).?*” Industries that are required to report fugitive® or stack® air emission
annually to the EPA were downloaded for the years 2013-2016 from the EPA website data came

from the USEPA’s 2014 Toxic Release Inventory (TRI) site database.?®!

3.3.6 Statistical analysis

Restricted cubic splines functions were applied to the residential distance to the nearest
CAFO in order to account for nonlinear relationships between distance to the nearest CAFO and
respiratory health. Knots were placed at the quartiles of the distance variable (0.46, 6.2, 8.8, 20.1,
36.5 miles). Univariate as well adjusted multiple linear (lung function outcomes) and logistic (asthma
outcomes) regression models were used to examine associations between residential proximity to a
CAFO and respiratory health.

Potential confounders were selected a priori from the literature. Age, BMI percentile (based
on BMI for age z-score from NHANES growth charts) physical activity, servings of fruits and
vegetable, PIR, number of household members, and distances to TRI site and roadways were used as
continuous variables in all statistical models. Gender, smoking status, urbanicity, and pets were

binary, and highest education level was categorical (<= high school or equivalent, some college,

* Fugitive air emission are all releases to air that do not occur through a confined air stream. They include equipment leaks,
releases from building ventilation systems and evaporative losses from surface impoundments and spills.

* Point source air emissions, also called stack emissions, are releases to air that occur through confined air streams, such as
stacks, ducts or pipes
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Bachelors or higher) in models. Urbanicity was defined based on population density at the census
block group level by the U.S Census Bureau as rural (<2,500), urban cluster (2,500-50,000) and
urban area (50,000+). BMI-for-age percentile, physical activity, servings of fruits and vegetables, and
proximity to roadways and TRI sties were categorized in Table 2 for ease of describing
characteristics of the study population by exposure status. Cut points for BMI-for-age (<85 percentile
vs. >= 85" percentile) were chosen from the Centers for Disease Control (CDC) which considers
BMI-for-age at or above the 85 percentile to be overweight.?? Physical activity cut points (<420
min/wk vs. >= 420 min/wk) came from the US Department of Health and Human Services
recommendation that children and adolescents ages 6-17 years do at least 60 minutes of moderate-to-
vigorous physical activity daily.”®* Fruit and vegetable servings were based on the American Heart
Association’s recommendation that children ages 4+ years have 4 servings of fruits and vegetables
daily.?** Cut points for proximities to roadways (<=400 meters vs. > 400 meters) and industries (<=
800 meters vs. > 800 meters) were chosen based on studies of dispersion modeling of vehicle
emissions and distances where respiratory health impacts have been found.?'-28>-28

Covariates that did not change the main effect estimate by more than 10% were excluded
from the multivariate models. AIC and BIC model fit statistics were used when determining the best
fit model. An adjusted odds ratio (OR) or an adjusted beta-coefficient value with two-sided p-value <
0.05 was regarded as statistically significant. To acquire estimates from the spline regression,
comparisons were made between different residential distances, while holding confounders constant.
Residential distances of interest were chosen a priori from literature estimating air pollution and
distance from CAFOs,'#?°2237252 and from univariate spline regression trends between distance to
nearest CAFO and each outcome. SAS version 9.4 (SAS Institute Inc. Cary, NC) was used for all
statistical analyses. Due to clustering of the study sample within census block groups and within
households, all analyses were performed as mixed models with random effects of census block group

and household.
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Sensitivity analyses were run to explore the extent to which residual confounding occurs
when including urban residents in the study sample. Urban residents may be exposed to additional
sources of air pollutants (vehicle and industry emissions) which rural residents may not be exposed
to. See Figure C1. for a map of annual average fine particulate matter across the state, which shows
urban areas to have higher levels on average. Furthermore, Table C1 shows the prevalence of asthma
outcomes to be higher in urban areas compared to rural areas in our study sample. While the main
analyses attempt to account for potential confounding by urbanicity, all models were run among a
subset of participants where those residing in urban areas (n=334) were excluded. This resulted in a
sample size of n=224 for asthma outcomes and n=211 for lung function outcomes. See Figure C2 for

a study sample flow chart for sensitivity analyses.



Table 2. Characteristics of the study sample. Column percents of characteristics by residential distance are
shown.

Residential distance from nearest CAFO

Total Study <=5 miles > 5 miles
Sample 2.4 km 8 km
(n=542) (n =149) (n=393) p-value
Individual characteristics N % %
Gender 0.6
Male 284 54.8 51.9
Female 258 45.2 48.1
Age (in years) 0.9
6-12 358 66.7 65.9
13-17 184 333 34.1
BMI percentile® 0.9
< 85" percentile (not overweight) 369 67.7 68.2
>= 85" percentile (overweight) 173 32.3 31.8
Time / week in moderate to 1.0
vigorous Physical activity® ’
<420 minutes 64 11.8 11.8
>= 420 minutes 478 88.2 88.2
Servings fruit & veggies® 0.002
<4 per day 254 323 49.9
>= 4 per day 288 67.7 50.1
Household characteristics
Current smoker 0.2
Yes 114 17.8 22.1
No 390 82.2 77.9
Household income 0.02
< $50,000 214 26.9 42.1
$50,000 - $99,999 153 333 27.2
>$99,999 175 39.8 30.7
Health insurance 0.7
Yes 493 933 90.1
No 49 6.7 9.9
Highest Education 0.1
H.S./GED or less 75 8.6 14.9
Some college 182 25.8 352
Bachelors or higher 285 65.6 49.9
Pet(s) 0.001
Yes 363 81.7 63.9
No 179 18.3 36.1
Household members (No.) 0.4
Less than 5 309 52.7 57.9
5 or more 233 473 42.1
Residence length 0.7
<1 year 69 10.3 13.5
>=1 year 475 89.7 86.5
Adult(s) with allergies 0.8
Yes 125 58.9 60.8
No 191 41.1 39.2
Adult(s) with asthma 0.02
Yes 106 10.8 21.4
No 436 89.2 78.6
Adult(s) asthma diagnosed 0.3

Yes 166 25.8 31.6
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No 376 74.2 68.4

Proximity to TRI site 0.01
<= 800 meters 50 16.1 7.8
> 800 meters 492 83.9 92.2

Proximity to Primary road 0.2
<= 800 meters 42 4.3 8.5
> 800 meters 500 95.7 91.5

Proximity to Secondary road 0.3
<= 400 meters 224 36.6 42.3
> 400 meters 318 63.4 57.7

Census block group population 0.4
Rural or urban cluster 224 452 40.5
Urban area 318 54.8 59.5

CAFO: concentrated animal feeding operation; km: kilometer; N: number; H.S.: high school; GED: General
Education Development test; BMI: body mass index; wk: week; TRI: Toxic release inventory.

p-trend: statistical significance by Chi-square test

®https://www.cdc.gov/obesity/childhood/defining. html
bhttps://www.cdc.gov/healthyschools/physicalactivity/guidelines.htm
https://www.heart.org/en/healthy-living/healthy-eating/eat-smart/nutrition-basics/dietary-recommendations-
for-healthy-children

3.4 Results

Descriptive characteristics of the study sample by residential proximity to the nearest CAFO
are presented in Table 2. Children and adolescents living within 5 miles of a CAFO were
more likely to eat 4 or more servings of fruits and vegetables per day, have pets in the home, and live
near an industry site when compared with children and adolescents living more than 5 miles from a
CAFO. Participants living near a CAFO were also slighty more likely to have adult participants
report having health insurance and higher household incomes compared to participants living more
than 5 miles from a CAFO. However, participants living near a CAFO were less likely to have one or
more adults in the home who smoke or have current asthma. Interestingly enough, slightly more
participants living in urban areas (census block groups with >50,000 residents) live within 5 miles of
a CAFO when compared with urban cluster and rural participants, defined based on census
definitions of urbanicity. Gender, age, BMI, physical activity, and number of household members did

not vary significantly between exposure groups.


https://www.cdc.gov/obesity/childhood/defining.html
https://www.cdc.gov/healthyschools/physicalactivity/guidelines.htm
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Unadjusted cubic spline plots revealed the log odds of asthma outcomes decreased and FEV1
/ FVC ratio increased, as distance from a CAFO increased from 0 to 6 miles (See Figure C3). After
about 6 miles from a CAFO, the log odds of asthma outcomes increases again. Contrary to the FEV1
/ FVC ratio plot, the FEV % predicted, FEV1 (not shown), and FVC (not shown) plots all displayed
decreases as distance from a CAFO increases.

Residential proximity to a CAFO was associated with asthma, wheezing, and asthma control
measures, including one or more asthma attacks in the last 12 months or asthma medication use in
the last 3 months. Figure 11 shows the results of multivariate models of distance to the nearest CAFO
and asthma outcomes, adjusting for gender, age, BMI percentile, household-based poverty-to-income
ratio, smoking status, number of people in the home, and proximity to secondary roadways and
industries. Wheezing in the last 12 months, asthma medication use in the last 3 months, and asthma
attach in the last 12 months had the largest effect sizes with proximity to the nearest CAFO, with
estimated odds of 1.6 to 3.3 times greater among those living 1 to 3 miles from a CAFO when
compared to those living 6 miles from a CAFO. Current asthma and doctor diagnosed asthma was
1.8 to 1.3 times greater at residential distances of 1 to 3 miles from a CAFO, respectively, but the
results were not statistically significant. Table C2 shows the unadjusted and adjusted results of all
distance comparisons made with the aforementioned asthma outcomes, including a reference distance
of 10 miles in addition to 6 miles. Effect size increased once adjusted for confounders, except for
asthma attack in the last 12 months, which saw a decrease in the effect sizes seen once adjusted.

FEV1 percent predicted and FEV1/FVC were not significantly different at residential
distances near a CAFO when compared to 6 miles from a CAFO (Figure 12). FEV1 percent
predicted and FEV1 / FVC remained slightly higher among those living 1-3 miles from a CAFO
when compared to living 6 miles from a CAFO. No significant trend was seen even after adjusting
for gender, age, BMI, height, physical activity, smoking status, poverty-to-income ratio and

proximity to roadways and industries. Table C3 shows the unadjusted and adjusted results of all
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distance comparisons made with FEV1, FVC, FEV1 % Predicted, and FEV1/FVC ratio, including a
reference distance of 10 miles in addition to 6 miles.

Results from the sensitivity analysis can be viewed in Appendix C. Unadjusted cubic splines
with urban area residents excluded revealed similar trends as the main study sample, with the log
odds of asthma decreasing as distance from a CAFO increases from 1 to 6 miles (Figure C3).
However, the while the main study sample saw an increase in log odds of asthma after about 6 miles,
the subset without urban participants tended to level off at sound 10-15 miles from a CAFO.
Furthermore, lung function show a decreasing trend past 10 miles from a CAFO in the main study
sample, but showed the exact opposite trend when urban residents were excluded. Tables C4-C8
shows results comparing main study sample, urban area residents excluded, and Milwaukee residents
excluded among selected outcomes. Similar effects were seen among all three study samples, with
the largest effect sizes seen when urban area residents were excluded and the lowest effect sizes seen

when urban and rural residents are included.
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3.5 Discussion

Our results provide unique insight into potential exposures children living near dairy CAFOs
may face, and their associations with respiratory health. We found children and adolescents living in
proximity to a CAFO were more likely to have had a wheezing episode in the last 12 months and
have taken asthma medication in the last 3 months. While we found similar associations with doctor
diagnosed asthma, current asthma, and asthma attack in the last 12 months, they were not statistically
significant. Lung function measured via spirometry was not found to be associated with proximity to
a CAFO. This study adds to the paucity of research to-date which has investigated the potential
effects CAFO air emissions may have on children living nearby.

The elevated prevalence of wheezing and asthma outcomes among children living near
CAFOs found in this study is plausible given the known bioaerosols, endotoxins, particulate matter
and gases CAFOs emit.>**°% Although exposure is likely to be orders of magnitude smaller at
nearby residences when compared to levels measured inside and near CAFO facilities, children may
be vulnerable to low doses of air pollutants compared to adults due to their developing immune and
respiratory symptoms.'?* This evidence is supported by prior studies in North Carolina, lowa and
Washington.**¥>232 In North Carolina, a statewide school study found students who attended schools
nearby swine CAFOs (within 3 miles) were 24% more likely to report current wheezing symptoms.™
Children in an Iowa who had a larger relative exposure to AFOs (based on distance, size and
direction of AFOs within 3 miles of home) had an increased odds of both asthma and medication for
wheeze.*® Another lowa study found children who attended an elementary school located within
800m of a swine AFO had an increased prevalence of physician-diagnosed asthma (OR=5.71, p =
0.004) compared to children who went to school far from a AFO (>16 km away).?*

These results are in contrast to decades of research which have indicated children who live on

farms or have livestock exposure in early life have a decreased risk of developing atopy and



86

asthma,!31:165:264.287-289 Thig protective effect, known as the Hygiene Hypothesis, is still heavily
researched and debated, but exposure to microbial burden and diversity is thought to play a major
role in both the protective and deleterious effects associated with farming.'**** Alpha and Beta
diversity of children’s nasal microbiome have been associated with having a protective effect against
atopy and asthma, which has been linked to farm exposure.?*® However, most studies finding a
protective effect with farm exposure in early life have been on non-CAFO sized farms, where
children are exposed to different livestock, grasses, hay, dirt, dust, feed, and fodder, !24163.170:265.275.291
Among these studies, is a study in Wisconsin which found children in rural areas on farms were less
likely to have asthma compared to children from nonfarming environments in rural areas.'®’

There is limited research comparing microbial differences on CAFO-size livestock farms to
smaller livestock farms, and so the conflicting health effects seen in studies exposed to small farms
when compared to larger farms is not clear. It may be that exposure to CAFOs results in too high of
a dose of microbial burden and other particulates and gases. It may also be that living near CAFOs
results in exposure to a decrease in the diversity of microbes with an abundance of a few
inflammatory microbes, when compared with smaller farms. Sequencing of 16STRNA components of
aerosols at varying distances from dairy CAFOs in Colorado revealed a microbiome derived
predominantly from animal sources with bacterial genera dominate by Staphlyococcus,
Streptococcus, Haemphilus and Pseudomonas, all of which have pro-inflammatory and pathogenic
capacity in humans.'”*

Research comparing microbial diversity found on different types and sizes of farms is scarce.
However, there is some supporting evidence suggesting that antibiotics may play a role in decreased
microbial diversity and result in an increased risk of allergic disease. A rural pediatric asthma study
in Iowa found asthma prevalence was higher among children growing up on swine farms that use
antibiotics in the feed when compared to those growing up farm without antibiotic use and those

from non-farm environments.*® This evidence is plausible as dairy cattle are principal reservoirs of
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reservoirs of Staphylococcus, an opportunistic pathogen among humans that can rapidly evolve
toward an antibiotic-resistant phenotype.!”* Antibiotic usage and resistance is a well-known disruptor
of asymptomatic colonization patterns and can result in reduced microbial diversity.'”> As livestock
farms grow in quantity and concentration, so does the risk of disease and antibiotic usage.®®*® In fact,
high concentrations of several veterinary antibiotics have been found in airborne PM downwind and
upwind of cattle CAFOs, where microbial communities of PM downwind were enriched with
ruminant-associated taxa and were distinct when compared to upwind PM.”*"! Furthermore, gene
encoding resistance to tetracycline antibiotics were significantly more abundant in PM collected
downwind.”

One strength of our study is our use of cubic splines to account for non-linear associations
between residential proximity to CAFOs and respiratory outcomes. The unadjusted splines revealed
those living <3 miles from a CAFO had a higher log odds of asthma outcomes, which decreased as
residential proximity increased towards 3 miles from a CAFO. At residential distances between 3-7
miles from a CAFO, the log odds of asthma outcomes were lowest, and then the rose again as
distance from a CAFO increased. While we cannot be certain what this dip in prevalence of asthma
outcomes is due to, it may be suggestive of a protective effect against asthma from having a lower,
but not too dose of microbes and other air pollution. In constant, living very near a CAFO may
equate to a high microbial burden (and exposure to other air emissions) which may influence
respiratory symptoms, it could be that those who live 3-7 miles from a CAFO experience a dose of
microbial burden low enough that protective effects are attained.

It is equally possible that those residing 3-7 miles from a CAFO are no longer influenced by
a nearby CAFO, but perhaps are experiencing increased microbial diversity because they more likely
to live on smaller farms, with more livestock variety, or are different in other ways from those living
nearer to CAFOs. However, this cannot be determined from the data in this study. Evidence of

residential proximity to a CAFO and respiratory health effects have been seen within 3 miles of a
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CAFO, with little to no evidence of effects past 3 miles.!®3%3235232 Unfortunately, the use of distance
to the nearest CAFO is a crude measure of exposure which does not account for other CAFO and
non-CAFO size exposures, and is a limitation in this study. It is possible livestock farms just below
CAFO-size may emit just as much or more air emissions due to having less regulation, and as a result
less advanced technologies to reduce air emissions. Accounting for exposure to other non-CAFO
farms in this study was something that could not be done, and is a limitation of this study.
Furthermore, management practices, facility equipment, manure and livestock storage, building and
ventilation structures can all influence CAFO air emissions, which were also not
considered.?”?2%230:292.293 T astly, distance to the nearest CAFO does not capture exposure to local and
regional air pollution from having several CAFOs or AFOs in the area. All of these factors may have
resulted in misclassification of the exposure such that our spline and results may not be reflective of
true exposure to CAFO air emissions and its association with asthma and lung function.

While trends were similar for all asthma outcomes, current asthma, doctor diagnosed asthma,
and having an asthma attack in the last 12 months were not statistically significant. Childhood
asthma is commonly underdiagnosed by physicians and asthma status obtained through self-report
through questionnaires may not be sensitive enough to detect all cases.*>***?**> A study investigating
childhood asthma prevalence in two rural lowa counties found that among the 14% of participants
who reported asthma symptoms, only 42% had been given a diagnosis by a doctor. Asthma
medication may be better indicator of asthma.?>> Furthermore, a cross-tabs with current asthma and
asthma medication use revealed some participants who responded to not having current asthma due it
being controlled via their current asthma medication use. Therefore, misinterpretation of a potentially
poorly worded question may have contributed to non-significant results with current asthma. No
associations or trends were found with lung function and proximity to a CAFO. This was contrary to
results seen in a longitudinal study in Washington which found measured ammonia levels to be

correlated with residential proximity to CAFOs, and associated with a decrease in FEV1 % predicted,
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but only with one and two day lagged concentrations.*> Few studies have assessed lung function
among children living near CAFOs and thus there is not a lot of supporting evidence to suggest lung
function is associated with proximity to a CAFO or not. While one would perhaps expect lung
function to be lower among those living closer to a CAFO due to the increased exposure to air
emission, it is also collected just once in this study and may be more reflective of acute exposure.
Whereas as the asthma outcomes were asked about symptoms and diagnoses over 3 month months,
12 months, and the entire life period and may be more reflective of chronic exposure from nearby air
emissions.

This study was unique in that its study sample came from statewide sample. Prior studies
have primarily sampled in very specific communities, counties, or used panels of
volunteers.*!3243932.332 However, this posed an additional challenge many prior studies did not face,
which was the geographical differences among study participant — specifically the inclusion of urban
and rural participants who are known to be exposed to different sources of air pollutants. Sensitivity
analysis revealed results from the main analyses likely have residual confounding from urban areas.
While proximity to the nearest industry and roadway attempted to account for confounding air
pollution from sources in urban areas, they are imperfect proxy measures of air emission exposure
from other source. True exposure to other sources of air emissions was likely was not accurately
accounted for, and perhaps there are differences between urban and rural participants confounding
the associations seen that could not be accounted for. When Milwaukee county residences are
excluded, effect sizes increase, and are even stronger when all urban areas residents are excluded.
One would expect the inclusion of urban residents to bias results towards the null since air pollution
and asthma prevalence is higher in the urban areas (See Figure C1 and Table C1). However, due to a
small sample size, and the high number of participants classified as living in an urban area but also
live within 5 miles of a CAFO, we decided to not excluded participants due to geography in our

model.
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A significant limitation of this study was the study sample. Population-based samples are not
ideal for rare exposures, such as living near a CAFO. As such, we had limited power and ability to
adequately look at all potential confounders in models, and test for interactions. Furthermore, while
the SHOW program collects a lot of information on the study subjects, we did not have information
on the history of respiratory infection at an early age, prenatal/material exposure, or daycare

information, all known factors associated with asthma.

3.6 Conclusion

This study adds to the growing national and international literature assessing whether
there are any associations between residential proximity to CAFOs and respiratory health. This
study is also the first epidemiology study in Wisconsin to specifically look at residential
proximity to CAFOs and respiratory health in Wisconsin. It is important this research extend to
new geographical areas. The number of CAFOs, settlement patterns of CAFOs near other
communities, and CAFO regulations vary by state. While this study will not provide any answers
for residents in the state living near CAFOs, it does start to build the foundation of research
which is needed to help inform future policy and regulation decisions in the state. Future
research should consider either a cohort sample where participants are selected by their exposure
status to ensure adequate power to detect associations, or a case-control study in selected
counties where CAFOs are prevalent. An assessment of participants’ community, livestock
exposure, other non-CAFOs in the area, and personal air monitoring would strength this study
and reduce misclassification of the exposure. More research is warranted as researchers and
experts continue to tease out what factors potentially make farming exposure protective and
which factors potentially make farming deleterious, specifically how microbial burden and

diversity differs by varying degrees of exposure to farming and livestock.
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Chapter 4. Cumulative school and home exposure to concentrated animal
feeding operations and pediatric and adolescent asthma

4.1 Abstract

Background: Residential and school proximity to a CAFO have both been found to be separately
associated with asthma among children. However, no studies have attempted to create a relative
exposure metric which accounts for a child’s combined exposure to CAFOs at both school and home.

Estimating exposure at both locations may better capture potential exposure to CAFO air emissions.

Objectives: This study aims to assess the association between residential and school proximity to

CAFOs in Wisconsin and respiratory health effects among children and adolescents.

Methods: Data came from the 2014-2017 Survey of the Health of Wisconsin (SHOW) cohort of
children and adolescents ages 0-17 (n=867). ArcGIS is used to link CAFO and wind data to
children’s homes and schools. A relative exposure metric (LogErelaive) is used to estimate the additive
exposure from all CAFO air emissions from both time spent at home and school, taking into account
CAFO size, distance, wind direction and wind speed from all CAFOs in the state.

The association between relative exposure to CAFOs and the prevalence of self-reported physician-
diagnosed allergies, current asthma, episodes of asthma in the last 12 months, and asthma medication
use in the last 3 months was examined using logistic regression, adjusting for individual and
household level confounders. Similarly, the association between relative exposure to CAFOs and
lung function, measured using spirometry, was examined using multivariate linear regression.
Restricted cubic splines accounted for nonlinear relationships between relative exposure to CAFOs

and the aforementioned outcomes.

Results:

The odds of having been diagnosed with asthma and having a wheezing episode in the last 12 months
was 50-90% higher at the 95™ percentile of the relative exposure to CAFOs when compared to the
50"-85™ percentile of LogErelative. Asthma medication use and current asthma showed similar trends,
although with smaller effect sizes, and non-significant results. No associations were found with

Predicted FEV1 or FEV1/FVC ratio and residential proximity to a CAFO.
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Conclusions: Associations were found between having a large potential exposure to CAFOs and
physician diagnosed asthma and wheezing, while no associations were found with lung function.
This study is an important contribution to the field in its development of an exposure metric which
considers potential exposure to CAFOs from the two locations where children tend to spend most of

their time.

Abbreviations: Concentrated Animal Feeding Operation, CAFO; Odds Ratio, OR; Confidence

Interval, CI; Forced Expiratory Volume in one second, FEV1

Keywords: Air pollution, concentrated animal feeding operation, lung function, asthma

4.2 Introduction
The number of livestock farms in the U.S has been decreasing since the 1980s, while the
number of animals has increased and are increasingly being housed on large-scale farms, called

concentrated animal operations (CAFOs).?*?

CAFOs are defined as 1000 or more pounds of live
animal weight (i.e. 1000+ cattle, 700+ dairy cows, 2,500+ swine, or 55,000+ turkeys), confined in
close quarters for 45 days or more with no access to vegetation.*”* Livestock farms are known to
emit non-biological aerosols from animal feed, skin cells, hair, and dried manure, as well as
biological aerosols including endotoxins, bacteria, and fungi from liquid manure.>*>*>® While these
emissions may be protective at lower doses, the increase in quantity and concentration of air
emissions produced as livestock farms increase to CAFO-size may be at too high of a dose to reap
protective immune system benefits. This has been shown to be the case among adult farmers and
CAFO workers whose exposure to livestock emissions is higher than children who grow up on a

farm but are not in direct and frequent contact with livestock.'”1?72%3
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CAFOs are also of concern due to the nature of the agricultural practices required for large
scale farming. The primary exposures of concern may differ not only in concentration and type when
compared with exposures from smaller farms. Large scale farming has been associated with greater
levels of particulate matter, gases, and vapors containing a mixture of natural and man-made
products.>>’*3¢ Antibiotics and potential for increased risk of antimicrobial resistance are an
additional concern. Antibiotic use increases as the quantity and concentration of livestock increase,’*
%8 and is known to disrupt asymptomatic microbial colonization patterns and cause a loss of microbial
diversity.**!?*!7> Prevalence of asthma was found to be higher among children who grew up on
swine farms in a rural health lowa study, but the highest prevalence was among children on farms
with antibiotic added to the feed.*® Dairy cattle are principal reservoirs of Staphylococcus aureus, an
opportunistic pathogen among humans that can rapidly evolve toward an antibiotic-resistant
phenotype.'”* Staphylococcus, Pseudomonas, and Streptococcus have been found to be the most
abundant taxa originating from animal feces when bioaerosols were measured in and around dairy
CAFOs in Colorado.'™ Early asymptomatic nasal colonization with Streptococcus in early childhood
has also been found a strong predictor of asthma.'”

Children take in more air per unit body weight at a given level of exertion than adults do,
lending them to be more susceptible to their environment.?>”*>® Research on exposure to CAFOs and
the development of the immune system is complicated by the fact that some farm-life exposures are
thought to be beneficial, while other evidence suggests that beyond a certain threshold of exposure,
an increased risk of respiratory heath effect may ensure. For example, xposure to farming in early
childhood is known to stimulate the immune system and be associated with decreased risk of
developing allergies and asthma.'?*?42772% The increase in microbial burden from farm life (i.e.
exposure to livestock, pets, endotoxin and nonpasteurized milk) can help to promote healthy
development of the immune system.'?*!3%!73264 This is further supported by studies showing

household dust and the nasal microbiota from farm children to have higher alpha and beta diversity
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than those found from nonfarm children, and lower nasal microbiota diversity to be associated with
asthma prevalence.!”! Yet, the studies supporting the protective effect of farm exposure (i.e. the
hygiene hypothesis) have been conducted on children growing up on small-scale farms, mostly in
Europe.124’165’264’265

Epidemiologic evidence of childhood exposure to CAFOs and respiratory health are limited.
There is a need for studies that consider cumulative exposure from multiple CAFOs in the area, and
consider exposure children may encounter when at both school and home. Two studies have found
school proximity to CAFOs to be associated with asthma and wheezing.*>*** An Iowa study found
children who attended an elementary school located within 800m of a swine AFO had an increased
prevalence of physician-diagnosed asthma (OR=5.71, p = 0.004) compared to children who went to
school far from a AFO (>16 km away).?** In North Carolina, a statewide school study found students
who attended schools nearby swine CAFOs (within 3 miles) were 24% more likely to report current
wheezing symptoms.*’

There is additional evidence that residential proximity to large-scale livestock farms may be
associated with an increased prevalence of pediatric asthma and lung function. Children in an lowa
who had a larger relative exposure to animal feeding operations (based on distance, size and direction
of AFOs within 3 miles of home) had an increased odds of both asthma and medication for wheeze.*°
A longitudinal study among schoolchildren in Washington found measured ammonia levels was
found to be correlated with residential proximity to CAFOs, and associated with a decrease in FEV1
% predicted among children living near CAFOs in Washington, but only with one and two day
lagged concentrations.*

This research is in its infancy, and as such, preliminary studies have relied on proxy measures
of exposure to CAFOs, often using distance to a CAFO as a surrogate for CAFO air emissions
exposure. Studies have examined exposure to CAFOs and respiratory health without consideration

of a cumulative risk approach, and have not considered the combined impact exposure to CAFOs



95

while children are at school and home and its potential impact on their respiratory health. More
refined exposures that account for children’s potential exposure to CAFOs while at both school and
home, and integrate information on wind direction and speed, could improve overall estimates of
exposure to CAFOs and reduce concerns of mis-classification bias in observational epidemiology
studies.

Wind direction, wind speed and size of farm are known factors which can influence air

37,174,297-300

emissions measured upwind and downwind from CAFOs facilities, and a few studies have

additionally incorporated these factors into estimating exposure to CAFO air emissions.****®
Furthermore, studies have relied on estimates of exposure to CAFOs within 3 miles from a CAFO,
without considering how multiple CAFOs in area beyond 3-5 miles of a residence or school may
affect local and regional air emissions.

This study aims to assess the association between residential and school proximity to CAFOs
in Wisconsin and respiratory health effects among children and adolescents. A relative exposure
metric is used to estimate the additive exposure from all CAFO air emissions from both time spent at
home and school, taking into account CAFO size, distance, wind direction and wind speed. This
study not only adds to the literature by attempting to refine estimates of exposure to CAFO air
emissions, but it extends this area of research into a new geographical region in the United States.
States have authority delegated by the EPA to regulate CAFOs, which has resulted in states’ tailoring
CAFO regulations to suit the needs and concerns unique to their state, where settlement of CAFOs

vary. Not only is this a relevant study at the national and internally level, but it provides important

insight into potential health concerns residents near CAFOs may face at the state level in Wisconsin.
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4.3 Materials and Methods
4.3.1 Study Sample

Data came from the 2008-2017 Survey of the Health of Wisconsin (SHOW) statewide
sample of children (n=867) and adults (n=6062). SHOW is an ongoing annual survey that began in
2008 and aims to recruit 400-1,000 participants every year. From 2008-2013 SHOW enrolled adults
ages 21-74 (n=3380). From 2014-2016, adults ages 18+ (n=1957) and children ages 0-17 (n=645)
were enrolled. In 2017, longitudinal follow-up was completed among 2008-2013 participants
(n=725), and 222 children and adolescents completed the SHOW study for the first time.

SHOW participants are randomly selected using a probability sampling proportion to size
without replacement (PPSWOR) approach.?*® Between 2008-2013, a two-stage probability-based
cluster sampling was used to randomly select census block groups (stage 1) and household addresses
(stage 2) annually within strata of region and poverty level.>** SHOW 2014-2016 cohort was
designed as a three-year sample. A three stage cluster-sampling approach was employed. One county
per strata was randomly selected within strata of county mortality rates, followed by random
selection of census block groups by poverty status strata. Then 30-35 residential households were
randomly selected via US postal service listings.

Across 2008-2016 years of the study, participation ranged from 56-70% among all those
adults who screened eligible. Separate response rates for children are not available, however, it is
known that response rates were higher in rural areas, and lower in urban areas. In 2017, 85% of
eligible adults from 2008-2013 successfully completed longitudinal follow-up, during which time
children who were not previously included in SHOW were invited to participate.

Figure 13 describes the analytic sample selected for this study. This study includes a subset
of 571 children and adolescents ages 6-18 recruited into SHOW in 2014-2017. Children ages <6

years were excluded due to diagnoses of asthma rarely occurring before age 6. Subjects with missing
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data on any of the asthma outcomes (n=3), school location (n=8) or confounders (n=26) of interest
were also excluded from analyses, resulting in a final sample size of 536 for asthma outcomes, and
496 for lung function outcomes. All residential household addresses were geocoded using
CENTRUS software (Pitney Bowes Inc., Stamford, CT) and linked to the nearest CAFO using
ArcGIS v10.3 software (ESRI, Redlands, CA). Figures 14a-b display maps of the SHOW children
and adolescent study population by census block group.

4.3.2 Concentrated animal feeding operations (CAFQOs)

Data on CAFO location, type (dairy cow, hog, chicken, or turkey), years of operation and
total animal units are maintained by the Wisconsin Department of Natural Resources’ (WDNR) and
Department of Agriculture, Trade and Consumer Protection (DATCP) under the Wisconsin Pollutant
Discharge Elimination System (WPDES) program. WPDES falls under the Clean Water Act (CWA)
National Pollutant Discharge Elimination System (NPDES) which requires states to regulate point
source pollution to waters of the entire United States. CAFOs are defined by the CWA [Section
502(14)] as point sources, thus requiring a discharge permit under the NPDES and monitoring
completed by the Wisconsin Department of Natural Resources (WDNR), where pollutants are
tracked by the Wisconsin Pollution Discharge Elimination System (WPDES).*"!

CAFOs are defined as an animal feeding operation (AFO) where the following conditions are
met: 1) animals are confined for a total of 45 days or more in any 12-month period and 2) animals do
not have access to crops, vegetation or forage growth in the normal growing season. AFOs that have
1000 or more animal units (1 animal unit = 1000 pounds of live animal weight) are considered a
large CAFO (1000+ cattle, 700+ dairy cows, 2,500+ swine, 55,000+ turkeys). Medium CAFOs (300-
999 cattle, 200-699 dairy cows, 750-2,499 swine, 16,500-54,999) are additionally regulated under

WPDES if the facility has a manmade ditch or pipe that carries manure or wastewater to surface
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Figure 13. Flow chart of the study sample depicting inclusion and exclusion criteria.
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water or if the animals come into contact with surface water that passes through the area where they
are confined.*® See Table A1 for a table of the EPAs regulatory definitions for CAFOs.

According to publicly available data downloaded from WDNR WPDES program there were
a total of 284 CAFOs operating in Wisconsin in 2016. Ninety percent (244 large, 2 medium) were
dairy CAFOs, followed by swine (5 large, 9 medium), beef (10 large, 3 medium), poultry (1 medium,
10 small). Publicly available data were limited, therefore additional data including the location, start
date, and end date of all permitted CAFOs established between 2013 and 2015 was obtained via an
open records request to the Wisconsin DATCP. The DATCP data was used to ensure CAFOs were
in existence during SHOW participants’ year of participation in the study (when residential address
and health data were collected). Figure 1 from the WDNR shows the proportion of CAFOs by animal
type has remained stable over the last decade, with over 90% of the CAFOs in Wisconsin being

dairy.

4.3.3 Asthma and lung function

Self-report history of asthma and wheezing was collected during in-home interviews with an
adult proxy (a parent or guardian living in the home) for child and adolescents. Participants were
defined as having current asthma if their adult proxy responded “yes” to the survey question “Does
[child’s name] still have asthma?”” which is a follow-up to the question “Has a doctor or other health
professional ever told you that [child’s name] had asthma?”” Adult proxies were also asked whether
the child participant had an “episode of asthma or an asthma attack™ during the last 12 months, and
whether the child participant had taken medication prescribed by a doctor or other health professional
for asthma in the last 3 months. Participants were considered to have wheezing if their adult proxy
reported that their “chest sounded wheezy during or after exercise or physical activity” in the last 12

months.
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Forced expiratory volume in one second (FEV1) and forced vital capacity (FVC) were
measured via spirometry using an electronic peak flow meter (Jaeger AM, Yorba Linda, CA), and
validated protocol.**® Trained technicians gave study participants explicit directions on how to
breathe into the spirometry device. Measurements were considered valid if two FEV1 and FVC
readings were within 10% of the highest value measured. FEV1 to FVC ratio (Tiffeneau index) and
percent predicted FEV1 (FEV1 divided by predicted FEV 1) were also assessed to account for inter-
individual variability in lung function measurement. Predicted FEV1 was calculated using sex, race,

age, and height as defined by the NHANES general U.S. population.**

4.3.4 Covariates and confounding

Adult proxies provided child participant demographics and health behaviors for children
under 12 years of age. Adolescents (12-17 years) provided these data directly, which include age
(years), gender (male vs. female), minutes/week spent in moderate to vigorous activity, and daily
servings of fruits and vegetables. Body mass index (BMI) was calculated from measured weight and
height as kg/m? and analyzed as the child’s BMI-for-age percentile. BMI-for-age percentiles were
calculated using 2000 CDC Growth Charts. While body compositions remain stable in adulthood,
children’s body compositions vary as they age and they vary between the sexes. Therefore, children’s
weight status and BMI levels need to be expressed relative to other children of the same age and
gender rather than as categories used for adults.

Household level characteristics were derived from data collected from all adults in the home
who participated in the SHOW study. Adult data used in this study included their education level,
household income, smoking status, and whether there are pets in the home. Poverty to income ratios

(PIR) were calculated for all adult’s self-reported individual incomes using U.S. Department of
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Health and Human Services poverty guidelines and the midpoint of the household income range

identified by the participant.

The following variables were derived from all adult participants in the home:

Derived variable:

Description:

Highest Education Level

Poverty-to-Income Ratio

Household smoking status

Household pets

Number of people residing
in the home

Health insurance

The highest education reported among all adults in the home (high
school or less, some college, bachelors degree or higher)

The average among all poverty-to-income ratios calculated for the
adults in the home

“Yes” if any adult in the home reported current smoking status
“No” if all adults in the home reported former or never smokers

“Yes” if any adult in the home reported pets in the home
“No” if all adults in the home reported no pets in the home

The average among the total number of people living in the home
reported by the adults in the home

“Yes” if any adult reported >= 1 month Medicaid/private in last yr
“No” if all adults reported <1 month or no insurance in last yr

To minimize confounding by previously identified environmental sources of asthma and

respiratory health in the population®' residential proximity to the nearest primary or secondary

roadway and industry were also tested as confounders. Roadway data were obtained from the United

States Census 2010, and the MAF/TIGER Feature Class Code (MTFCC) and Road Type Code

(RTTYP) were used to identify roadway segments as primary and secondary (See Table A2 for US

Census roadway type details).?*° Industries that are required to report fugitive® or stack™ air emission

§ Fugitive air emission are all releases to air that do not occur through a confined air stream. They include equipment leaks,
releases from building ventilation systems and evaporative losses from surface impoundments and spills.

* %k . . . . . . . . .
Point source air emissions, also called stack emissions, are releases to air that occur through confined air streams, such as

stacks, ducts or pipes
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annually to the EPA were downloaded for the years 2013-2016 from the EPA website data came

from the USEPA’s 2014 Toxic Release Inventory site database.?®!

4.3.5 Wind data
Wind direction percentage from 2013-2017 were ascertained from meteorological data

compiled by the 69 Automated Surface Observing System (ASOS) stations in the state of Wisconsin.
ASOS stations collect minute-by-minute observations and data provided are essential observations
for the National Weather Service (NWS), the Federal Aviation Administration (FAA), and the
Department of Defense (DOD). Details on the methods used to clean and derive the wind data used
in this study are described in Appendix D. In brief, an 8-point wind rose was created at every station,
for every year. The wind rose data included (1) the annual percentage of time wind blew in each of
the 8 directions, each year, and (2) the annual percentage of time wind blew in each of the 8
directions ONLY when wind speeds were less than 4 m s-1 since near source areas are affected
greater during low wind conditions. Plume dispersion models from CAFOs have found air emissions
affect nearby areas, or rather levels of emissions remain elevated locally, during low wind conditions.
It has been found that high wind conditions tend to disperse the air emissions leading to their levels

reaching background levels sooner.**

4.3.6 Relative environmental exposure to CAFOs
In order to estimate the relative exposure to study participants from CAFOs in their
environment, a qualitative exposure metric was devised (Equation 1). This metric accounts for the
cumulative effects of all CAFOs and their proximity to the participant’s home and school, while
taking into consideration the distance, wind speed and direction, CAFO size, and time the participant

spends at home versus at school. The purpose of developing this metric was not to predict actual
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concentrations of pollutants emitted by CAFOs, but to qualify study participant’s potential risk of
exposure to CAFOs based on prior knowledge of air pollutant dispersion and factors that affect their
fate and transport.

This metric may allow for better representation of potential exposure to CAFO air emissions
rather than relying on distance alone as a proxy. While many studies have relied on categorical or
linear distance from CAFOs as an estimate of exposure, there is evidence to suggest air emissions
tend to degrade exponentially with distance from their source. Therefore, inverse square law was
used in the exposure equation, as opposed to a simple linear function, in order to account for the
known exponential decay of emissions (such as ammonia and H>S) from CAFOs. Exponential decay
of air emissions (PM2.5, VOCs) from other sources (such as roadways and industrial sites) has also

been found.

+ [( ?=1u—iz * Psi) * 0.15] > equation 1
as school

i

log(Egelative) = log ([( ?:1% * psi) * 0'85]home

Variable Definitions:

d = distance to the nearest CAFO in miles

n = total number of CAFOs in Wisconsin

u = total animal units at the i'" CAFO

dy = distance between i CAFO and residence in miles

dg = distance between i CAFO and school in miles

ps = Percentage of time wind blows < 9 mph (4 m/s) in the direction from i"™ CAFO to the
residence (or school)

While this may be more representative of pollutant dispersion, Erelative is still a
simplification of a number of factors known to influence air emissions generated inside and outside
of CAFO facilities, including animal density, ventilation systems, and manure storage and
application management. Since facility management and application systems were unknown, the
number of animal units permitted was used as a surrogate for the total amount of air emissions
produced by the facility and is assumed proportional to exposure. This exposure estimate was then

multiplied by the percent of time wind blew < 4m/s from the CAFO to the home (or school). The
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exposure estimates for each CAFO are summed. Exposure estimates are summed separately for the
CAFOs in proximity to the school rather than the home. This is to account for the difference in time
participants spend at home and school. The summation of the exposure estimates for CAFO(s) in
proximity to the home was multiplied by 0.85 to account for the percent of time a participant spends
at home relative to 0.15, the percent of time a participant spends at school. An average estimation of
the amount of time a participant spends at school vs. at home was based on Wisconsin Legislature PI
0.01(2)(f) minimum number of instructional hours required**? and National Center for Education
Statistics’ account of average instructional hours and days in Wisconsin. Details on methods for
deriving these estimations can be found in Appendix D. For participants who report being home
schooled, 1.00 instead of 0.85 is multiplied by their summation exposure to CAFOs at home.

In order to calculate Erelative, all residential household addresses, school locations, CAFOs,
and wind stations were geocoded using CENTRUS software (Pitney Bowes Inc., Stamford, CT) and
ArcGIS v10.3 software (ESRI, Redlands, CA) was used to link participant households to CAFOs and
wind data from the year prior to their participation in SHOW.

More detailed methods on how Erelative was derived can be found in Appendix D. In brief,
the ArcGIS Analysis-Proximity tool “Generate Near Table” was used to calculate the distance and
angle from the participant households (and schools) to all CAFOs. Angles were converted to follow
the wind data’s 8 wind rose directions. Participants were linked to the nearest wind station via the
“Near” tool in ArcGIS also. SAS 9.4 was used to merge participant household and school CAFO

distances and directions with the wind direction percentages by station, year and direction.

4.3.7 Statistical analysis
Restricted cubic splines functions were applied to the relative exposure metric in order to

account for nonlinear relationships between potential relative exposure to CAFOs and respiratory
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health. Knots were placed at the minimum, maximum, and 25", 50, 75™ percentiles of the exposure.
Univariate as well adjusted multiple linear (lung function outcomes) and logistic (asthma outcomes)
regression models were used to examine associations between residential proximity to a CAFO and
respiratory health.

Potential confounders were selected a priori from the literature. Age, BMI-for-age, physical
activity, servings of fruits and vegetable, PIR, number of household members, and distances to TRI
site and roadways were used as continuous variables in all statistical models. Gender, smoking
status, and pets were binary, and highest education level was categorical (<= high school or
equivalent, some college, Bachelors or higher) in models. BMI-for-age percentile, physical activity,
servings of fruits and vegetables, and proximity to roadways and TRI sties were categorized in Table
3 for ease of describing characteristics of the study population by exposure status. Cut points for
BMI-for-age (<85 percentile vs. >= 85" percentile) were chosen from the Centers for Disease
Control (CDC) which considers BMI-for-age at or above the 85" percentile to be overweight.?®?
Physical activity cut points (<420 min/wk vs. >= 420 min/wk) came from the US Department of
Health and Human Services recommendation that children and adolescents ages 6-17 years do at
least 60 minutes of moderate-to-vigorous physical activity daily.?®* Fruit and vegetable servings were
based on the American Heart Association’s recommendation that children ages 4+ years have 4
servings of fruits and vegetables daily.”®* Cut points for proximities to roadways (<=400 meters vs. >
400 meters) and industries (<= 800 meters vs. > 800 meters) were chosen based on studies of
dispersion modeling of vehicle emissions and distances where respiratory health impacts have been
found 251285286

The relative exposure metric was log transformed to account for skewness. The log
transforming was not necessary for analyses, it aided in visualization of the cubic splines and was left

as log transformed in all models. Covariates that did not change the main effect estimate by more

than 10% were excluded from the multivariate models. An adjusted odds ratio (OR) or an adjusted
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beta-coefficient value with two-sided p-value < 0.05 was regarded as statistically significant. To
acquire estimates from the spline regression, percentiles of the potential relative exposure to CAFOs
were compared (high percentiles vs. low percentiles of exposure). SAS version 9.4 (SAS Institute
Inc. Cary, NC) was used for all statistical analyses. Due to clustering of the study sample within
census block groups and within households, all analyses were performed as mixed models with

random effects of census block group and household.

4.4 Results

Table 3 displays characteristics of the study sample by their relative exposure to CAFOs
(logE elative). Participants with a high relative exposure to CAFOs (in the 85th-100"™ percentile range)
were on average more likely to eat fruits and vegetables, have pets in the home, and come from a
home with a higher income and more educated adults when compared with participants with a lower
relative exposure metric to CAFOs (0-85™ percentile). Those with a high relative exposure were also
less likely to live in a home with asthmatic adults and less likely to live near an industry when
compared to those with a lower relative exposure metric. Not surprisingly, participants with a high
relative exposure to CAFOs were more likely to live near a primary and secondary roadway, and
more likely to live in an urban census block group when compared to those with a low relative
exposure.

The relative exposure metric to CAFOs in this study sample ranged from -7.14 (high relative
exposure) to -17.3 (low relative exposure). Table D1 summarizes components of the relative
exposure metric and asthma outcomes by quartiles of 10gErciative. On average, those in the highest
quartile of exposure to CAFOs had a residential distance 4.4 miles from a CAFO, a school distance
4.9 miles from a CAFO. Those in the highest quartile of exposure also had more than one CAFO
within 5 miles of their home on average. Unadjusted cubic splines of the log odds of asthma

outcomes regressed on log(Ereiaive) depicted U-shaped curves (see Figure D1). Log odds of doctor
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diagnosed asthma, current asthma, asthma medication use and asthma episode in the last 12 months
is high at high values of the relative exposure to CAFOs metric, decreases as the relative exposure to
CAFOs decreases until around -13.5 (~ 50" percentile), at which point the log odds of asthma
outcomes increases again as the relative exposure metric decreases. A similar pattern in seen with
FEV1/FVC ratio, where an inverted U-shape shows that lung function increases as relative exposure
to CAFOs decreases, until about the 50™ percentile of exposure, at which point, lung function
decreases as exposure decreases.

Relative exposure to CAFOs, which includes distance, animal units, wind direction and
speed from every CAFO in the state to the participants residence and school, was associated with
asthma and wheezing. Figure 15 displays the results of multivariate models of relative exposure to
CAFOs and asthma outcomes adjusting for gender, age, household-based poverty to income ratio,
number of people in the home and residential proximity to an industry. Doctor diagnosed asthma and
wheezing in the last 12 months showed the strongest association with relative exposure to CAFOs.

The odds of having been diagnosed with asthma and having a wheezing episode in the last 12
months was 50-90% higher at the 95" percentile of the relative exposure to CAFOs when compared
to the 50™-85™ percentile of 10g(Erelative). At the 95 percentile of exposure, the odds of asthma
outcomes continued to increase as the 95th percentile of exposure was compared to lower percentiles
of exposure until about 50-75™ percentile. At low relative exposures (0-50™ percentiles), the odds of
having an asthma is about the same, or greater than the odd of asthma at high relative exposure (95%
percentile). Asthma medication use and current asthma showed similar trends, although with smaller
effect sizes, and non-significant results. Table D2 shows the unadjusted and adjusted results of
additional percentile comparisons of log(Erelative) made with the aforementioned asthma outcomes.
Additionally, Tables D3a-c show model building results, which largely depict unadjusted and
adjusted models with similar main effects where additional variables do not appear to explain much

confounding.
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Table 3. Characteristics of the study sample. Column percents of characteristics by percentile ranges of

lOg(Erelative)-

Percentile ranges of log(Ereiative)
Total Study

Sample 85th-100t 0-85th
(n=536) (n=178) (n = 458) p-value
Individual characteristics N % %
Gender 0.5
Male 280 48.7 52.3
Female 256 51.3 47.2
Age (in years) 0.9
6-12 354 65.4 66.2
13-17 182 34.6 33.8
BMI percentile? 0.7
< 85 percentile (not overweight) 366 66.7 68.6
>= 85" percentile (overweight) 170 33.3 31.4
Time / week in moderate to 0.7
vigorous Physical activity® ‘
<420 minutes 63 10.3 12.0
>= 420 minutes 473 89.7 88.0
Servings fruit & veggies® 0.004
<4 per day 252 32.1 49.4
>= 4 per day 284 67.9 50.4
Household characteristics
Current smoker 0.2
Yes 114 16.2 22.0
No 385 83.8 88.0
Household income 0.001
< $50,000 211 244 41.9
$50,000 - $99,999 151 19.2 29.7
>$99,999 174 56.4 28.4
Health insurance -
Yes 493 100 89.3
No 49 0 10.7
Highest Education 0.01
H.S./GED or less 75 11.5 14.4
Some college 177 19.2 354
Bachelors or higher 284 69.2 50.2
Pet(s) 0.02
Yes 359 78.2 65.1
No 177 21.8 349
Household members (No.) 0.9
Less than 5 306 56.4 57.2
5 or more 230 43.6 42.8
Residence length 0.8
<1 year 64 10.2 12.1
>=1 year 472 89.8 87.9
Adult(s) with allergies 0.2
Yes 294 52.6 56.1
No 242 47.4 43.9
Adult(s) with asthma 0.0006
Yes 104 5.1 21.8
No 432 94.9 78.2
Adult(s) asthma diagnosed 0.07
Yes 164 21.8 32.1
No 372 78.2 67.9

Proximity to TRI site 0.18
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<= 800 meters 49 5.1 9.8
> 800 meters 487 94.9 90.2

Proximity to Primary road 0.2
<= 800 meters 42 3.8 2.2
> 800 meters 494 96.2 97.8

Proximity to Secondary road 0.004

<= 400 meters 224 25.6 432
> 400 meters 314 74.4 56.8

Census block group population 0.6
Rural or urban cluster 224 29.5 32.5
Urban area 318 70.5 67.5

CAFO: concentrated animal feeding operation; km: kilometer; N: number; H.S.: high school; GED: General
Education Development test; BMI: body mass index; wk: week; TRI: Toxic release inventor.

p-trend: statistical significance by Chi-square test

*https://www.cdc.gov/obesity/childhood/defining. html
bhttps://www.cdc.gov/healthyschools/physicalactivity/guidelines.htm
‘https://www.heart.org/en/healthy-living/healthy-eating/eat-smart/nutrition-basics/dietary-recommendations-
for-healthy-children

Figure 16 displays the results of multivariate linear regression assessing FEV1 % predicted
and FEV1/FVC ratio by restricted cubic spline of the 1og(Erciative). Results show lung function to not
be associated with relative exposure to CAFOs. While none of the results were statistically
significant, results indicate lung function to be slightly better among those with high relative
exposure to CAFOs when compared to those with lower relative exposure to CAFOs. Modeling
building Table D3d shows that while high relative exposure to CAFOs was associated with decreased
FEV1/FVC ratio in unadjusted and other adjusted models, poverty to income ratio explained this
association. Table D4 shows the unadjusted and adjusted results of additional percentile

comparisons of 10g(Ereiaiive) and additional lung function measurements, including FEV1 and FVC.

4.5 Discussion
This study aimed to assess whether a larger relative exposure to CAFOs was associated with

asthma, wheezing, and lung function among a sample of children and adolescents across the
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State of Wisconsin. This study is unique in that it is the first to use an exposure metric which
accounts for both potential exposure to CAFOs while at home and school. A participant’s relative
exposure to CAFOs was estimated using a metric which considered distance, size, wind direction and
wind speed from every CAFO in the state in relation to the participant’s home and school. We found
children and adolescents with a larger relative exposure to CAFOs were more likely to be diagnosed
with asthma and to have had a wheezing episode in the last 12 months when compared to participants
with a lower relative exposure to CAFOs. However, no associations were found between relative
exposure to CAFOs and lung function. This study adds to the limited research on children’s exposure
to CAFOs and respiratory health by considering multiple locations by which exposure to CAFOs can
occur throughout a child’s life.

We were concerned children with a high logEreiaive would differ in terms of socioeconomic
status when compared to children and adolescents with a low logEreiaive. Environmental justice issues
have been raised in North Carolina where CAFOs are located in predominately low-income and
minority communities, and researchers are finding it difficult to tease out whether the higher
prevalence of asthma and respiratory symptoms among residents near CAFOs is associated with
proximity to CAFOs or is due to other factors associated with the population living the
CAFQs. 19202330330 Iy fact, in our study we found just the opposite. Those with a higher 10gE elative
had a higher household income, were more likely to have an adult in the home with a college degree,
and were more likely to have health insurance when compared with those with lower logErciative.
Similar findings were seen in an lowa study, where children living <=4.8 km from a swine AFO
were compared to children living more than 4.8 km from a swine AFO, and found those living near
an AFO to have a slightly higher household income and found parental education did not differ
between the exposure groups.®” This is an important finding and highlights the regional differences in
the settlement of large animal livestock operations in the U.S. and the need for this research to extend

into different states and regions. The landscape in Wisconsin, where several CAFOs are the result of
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smaller family farms which have grown over time into CAFO-sized family farms, is different than
seen in North Carolina.”>

Results from this study are consistent with other studies which have assessed exposure to
livestock operations and respiratory health among children and adolescents. Pavilonis et al. (2013)
used an exposure metric which included distance, AFO land size, wind direction and wind speed, of
swine AFOs within 3 miles of a child’s home in Keock County, Iowa.*® He found those with a larger
exposure metric to AFOs had an increased odds of having physician-diagnosed asthma (OR=1.51,
p=0.014) and physician diagnosed asthma or medication for wheeze (OR=1.38, p=0.023).*° Another
study in Iowa found children who attended an elementary school within 800m of a swine CAFO
were 5.71(p=0.004) times more likely to have physician diagnosed asthma when compared with
children who attend school 16 km from a CAFO.*!' A large cross-sectional study among children
from public schools across North Carolina (n=58,169) found children who attend school within 3
miles of swine CAFO were more likely to have physician-diagnosed asthma (PR=1.07, 95% CI:
1.01-1.15).* Our study did not find statistically significant results with current asthma and asthma
medication use in the last 3 months. This could be due to our limited power to detect associations
between relative exposure to CAFOs and asthma medication use. Cross tabs on current asthma and
medication use also revealed that some participants reported not having current asthma, but reported
taking asthma medication. Participants’ interpretation of current asthma seemed to vary in terms of
whether controlled asthma via medication equated to having current asthma or not.

Loftus et al. (2015) is the only study to assess lung function measured via spirometry and
exposure to CAFOs.* Their study was conducted on 51 children in Washington State and found
measured ammonia concentrations (one and two day lagged) to be associated with decreased FEV1%
predicted.*> Ammonia levels were mostly explained (77%) by residential proximity to CAFOs, but
were not associated with any asthma symptoms, diagnosis, or prevalence.*> Our study did not find

significant associations between relative exposure to CAFOs and lung function. The Washington
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study measured lung function 1 and 2 days after measuring ammonia concentrations. Our study
measured lung function during one home visit during when the main survey was completed and
participants completed the study at different times throughout the year. While we attempted to
control for the month and season of when the lung function test was performed, it did not prove to
confound results in our study. However, lung function is variable and dependent not only on the day
of collection, but how accurately the participant understands the directions and performs the test
adequately; something that can be particularly challenging for children. It’s possible the self-reported
asthma and wheezing outcomes are a better reflection of overall respiratory health and are less
sensitive to factors that may have influenced the lung function measurement on the particular day of
collection.

One of the strengths of this study was the amount of personal and household characteristics
and health data collected on participants. Another strength of the study is the amount of complete
data and the reduced risk of selection bias. Only 8 age-eligible children from the study population
were missing school location data, and only 5% were missing data on asthma outcomes or
confounders. This is also one of the first studies to use cubic spline regression and show visual plots
of the association between relative exposure to CAFOs and asthma and lung function. While a few
other studies have developed exposure metrics, the exposure was grouped for analyses, or quartiles
were compared and no visual plots were shown. Borlee et al (2015) is the only study to-date which
provided cubic spline plots of the association between residential distance to the nearest CAFO and
log odds of asthma among adults in the Netherlands.!® Our spline plots offer a unique insight into
potential patterns and trends seen as potential exposure to CAFOs increases. Similar U-shaped curves
were seen in Aim 2 when distance to the nearest CAFO was used as an exposure measure. This
finding suggests at close distances to a CAFO, or when exposure to CAFOs is high, emissions may
be high enough to cause irritation and asthma or respiratory symptoms. Whereas lower exposures

may still provide a protective effect. This protective effect is no longer seen in the spline plots when
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exposure to CAFOs is very low, or essentially non-existent. Comparison between our cubic spline
plots are difficult to compare to Borlee et al (2015), where splines were only assessed from 0 to
1500m from a livestock farm, distances from livestock farms that are common in the Netherlands
where farms are smaller in size, more regulated, and located in more densely populated areas.'’
This study is the first to try and capture a more complete window of exposure to CAFOs, by
incorporating potential exposure that may occur at home and at school, and considering wind
direction, wind speed, and CAFO size rather than just relying on distance as a proxy measure of
exposure to the nearest CAFO. While this is a strength, it still highlights the need for better data
collection and public records of livestock farms. There are over 8,000 dairy farms in Wisconsin, yet
less than 300 are regulated as CAFOs with public data including size, animal type and location.*’%
Data on farms smaller than CAFO-size are scare and provide limited information. Yet many dairy
farms could be in operation at just under the threshold deemed to be a CAFO and releasing similar
amounts of air emissions. Health effects have been seen among children living in proximity to

3033 quggesting that cumulative effects from many smaller farms

smaller AFO-sized farms in Iowa,
may have similar effects on residents as living in areas of high relative exposure to CAFOs.>*** The
fact that exposure to non-CAFO sized livestock farms were not included in this study may have
biased results. If non-CAFO sized livestock farms are more or less likely to exist in areas of high
relative exposure to CAFOs, than results may be biased. The assumption in this study is that smaller
livestock farms are not more or less likely to be in areas of high relative CAFO exposure when
compared to low relative CAFO exposure, resulting in non-differential classification bias.

Other limitations of this study include potential misclassification of the exposure due our
imperfect proxy measure of the exposure. Our exposure measure, while more sophisticated than
most, does not consider variability in air emissions from CAFOs due to differences in management

practices, facility types, and ventilation systems, all factors which can impact concentrations of

airborne particulates and vapors. Furthermore, the wind data derived from the nearest wind station
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may not be an accurate representation of the wind patterns seen at the participant’s residence and
school. While SHOW collects a lot of personal data, we did not have information on respiratory
infections in early life, or any information on whether the child lives on a farm, or grew up on a farm.
We also had limited available data on the occupations of the adults or parents in the home. These are
all factors associated with asthma that we were unable to control for. Furthermore, population-based
samples are not ideal for investigating rare exposures such as residential and school proximity to
CAFOs. Due to the exposure being rare, and some of the outcomes not being very prevalent (i.e.
Asthma episode in last 12 months), this study may have lacked the power to detect associations in
some of the models. The small sample size, rare exposure, and low prevalence of some of the
outcomes resulted in parsimonious models where residual confounding may be present. This study
also relied on self-report of outcomes which may have resulted in measurement error of the outcomes
due to recall bias. Lastly the cross-sectional nature of the study means causality cannot be inferred.
Geography posed a unique challenge in this study which prior studies did not face. Prior
studies which have used an exposure metric or distance to the nearest CAFO and investigated
associations with respiratory outcomes considered only people living within < 3 miles from a CAFO
or within a small rural community, resulting in a more homogenous study sample. While SHOW
collects an abundance of participant characteristics and health data from which we were able to test
many different confounders, our ability to account for confounding by geography and urbanicity was
limited. This was further complicated by the unique settlement of CAFOs being near urban-defined
census block groups in the Green Bay area. We found those with a higher logEretative (85™-100™
percentile) were only slightly less likely to live in an urban defined census block group than those
with lower 1ogE eiaive (0-85™ percentile); 55% compared with 60%. While residential proximity to an
industry and major roadway were used to adjust for additional sources of air pollution participants in
urban areas may be more likely to encounter, our study likely suffered from residual confounding.

Confounders tested in our models did not result in significant changes in the main effects seen
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between logE ciaive and asthma outcomes. While there are clearly differences seen between those with
a high logEciaiive Wwhen compared to those with a lower 10gE ciative, it is possible these differences may

be due to some other unknown confounder, and not their estimated potential exposure to CAFOs.

4.6 Conclusion

This study builds upon the limited research concerning exposure to CAFOs and asthma and
respiratory health among children and adolescents. A relative exposure metric was used, which
considered both cumulative exposure to CAFOs when participants at home and at school, taking into
account distance, size, and wind direction and speed. Associations were found between large
potential exposure to CAFOs and physician diagnosed asthma and wheezing, while no associations
were found with lung function. This study is an important contribution to the field in its development
of an exposure metric which considers potential exposure to CAFOs from the two locations where
children spend most of their time. This study is also significant in that it extends the field of research
to new geographical area. The number of CAFOs, settlement patterns of CAFOs near other
communities, and CAFO regulations vary by state, making it important each state start to investigate
whether there are any health concerns CAFOs pose and whether any additional regulations need to be

considered.

This study also highlights the importance of better data collection on reporting of smaller
livestock farms, which collectively may pose even more concerns than CAFOs. Future research
should consider a cohort or case-control study in a smaller geographical areas in Wisconsin, such as
Brown County, where there is a large concentration of both CAFOs as well as non-CAFOs. Data
collection which incorporates satellite imagery, or neighborhood assessment of smaller livestock
farms, and incorporates both exposure from CAFOs and well as non-CAFOs would strengthen our

understanding of farming exposures protective and deleterious effects. More research is warranted as
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we continue to figure out what factors associated with farming are protective and which are

potentially pro-inflammatory.
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Chapter 5. Conclusion

5.1 Summary of Results and Conclusions

The last few decades have seen a shift in agriculture from many smaller farms to fewer large-
scale farms. While large-scale farming practices offer more efficiency and profit, the public health
impacts of these changes are not well understood. It is well established that particulates, gases, and
vapors from large, concentrated animal feeding operations (CAFOs) pose a health risk among
livestock workers,*”® where an increased risk of respiratory ailments is well documented in the
literature.”--200-203.208.216.220306 However, there is a paucity of data on whether health effects are seen
among residents living near CAFO facilities. Epidemiology studies that investigate residential
proximity to CAFOs and respiratory health in the US have predominantly taken place in lowa and
North Carolina,?!3231232 with a couple studies in Pennsylvania and Washington.'®*? However,
CAFOs exist in 47 of the 50 states,”™ with Iowa, Texas, California, Nebraska, Kansas, North
Carolina, Minnesota, Colorado, Idaho, and Wisconsin being the top 10 states with the largest number
of animal units.*>*** The concentration and settlement of CAFOs varies greatly across the US, and
since states have authority to regulate CAFOs beyond the minimum requirements set under the Clean
Water Act’s NPDES program, regulation and monitoring of CAFOs varies by state. Additional
research examining population level exposures from CAFOs and potential respiratory health risks is
needed, particularly research which expands into new areas, such as Wisconsin.

The purpose of this study was to determine whether residential proximity to a CAFO was
associated with allergies, asthma and lung function among a statewide representative adult sample. It
was additionally important that this study investigated the same relationship among children, who
take in more air per unit body weight at a given level of exertion than adults do, leaving them more

vulnerable to air pollutants.>®”?® Furthermore, this study developed a unique exposure metric which

™ CAFOs do not exist in Alaska, Massachusetts, and Rhode Island
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considered a child’s exposure to CAFOs when both at home and school, and incorporated the size,
distance, wind direction and speed of every CAFO in the state. Whereas many prior studies grouped
exposure, this study used cubic spline regression to allow for non-linear associations. The visual
plots of the non-linear associations between proximity to CAFOs and relative exposure to CAFOs
with allergies, asthma, and lung function adds to the literature and provides important insight into the
nonlinear relationship seen between potential exposure to CAFOs and respiratory health outcomes,
showing both potential deleterious and protective effects.

This study is significant in that it extends the research concerning residential proximity to
CAFOs and respiratory health to a new state and region in the United States. Research thus far has
taken place in only a handful of states in the U.S. (North Carolina, lowa, Pennsylvania, and
Washington),!%16:18:2230-33.35 yet | CAFOs exist in nearly every state in the U.S. and the quantity,
settlement, and regulations of CAFOs vary by state.”***** Wisconsin, with just under 300 CAFOs, is
second only to California in terms of the number of dairy CAFOs, total dairy animal units and milk
produced.*”™ Wisconsin also has some of the strongest protections of CAFOs from private nuisance
claims under the state’s Right to Farm law.?** Residents facing air or odor externalities from nearby
CAFOs are required to prove both that they did not come to a nuisance AND that the nuisance is a
threat to their health.>**3%73% Proving nearby air emissions are affecting a person’s health is more
akin to public nuisance, and one which relies on epidemiological evidence. Yet, there is no
epidemiological evidence to indicate whether CAFOs may pose a respiratory health risk to nearby
residents in Wisconsin.

This study also provides important evidence to suggest CAFOs may be a source of important
public health concerns, and more research is needed to further address the primary sources of
concern and to protect human health. While this study does not provide any conclusive answers
regarding the causal relationship between CAFO emissions and respiratory health problems among

adults and children living near CAFOs, it does start to build the foundation of research that is needed
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to help inform future state policy and regulation decisions in the state. This study found proxy
measures of exposure to CAFOs were associated with allergies among adults, and doctor diagnosed
asthma, wheezing, and asthma medication use among adults and children. Evidence from this
preliminary research suggests that future research regarding respiratory health among residents living
near CAFOs in Wisconsin, and other regions of the United States is warranted.

Chapter 2, Aim 1, investigated the association between residential proximity to the nearest
CAFO and the prevalence of allergies, asthma, and lung function among a statewide representative
sample of rural adults in Wisconsin. The study found residential proximity to a CAFO was associated
with reduced lung function and self-reported asthma, uncontrolled asthma and asthma medication
use. Residential proximity to a CAFO was associated with allergies. Our ability to assess allergy by
type was a unique contribution of this study, and something few studies have been able to do. One
would expect the strongest associations between air pollution and allergies to be at the site of the
nose, sinus, and lungs, which is what we found to be the case in this study. This study was a
contribution to the U.S.-based literature thus far, and confirmed findings from a study in North
Carolina which found a panel of residents living near CAFOs were more likely to experience asthma
and asthma-like symptoms.'>2%3%331% Oyr study also found similar findings to an adult clinic-based
study in Pennsylvania which found those living within 3 miles of a CAFO had an increased odds of
asthma medication use and asthma-related hospitalizations.'®

This study also highlights the differences seen between studies in Europe when compared to
the United States. European studies, which have investigated residential proximity to CAFOs and
respiratory health, have mostly found inverse or null results.”!!*® This has largely been attributed to
their livestock farms being smaller in size, located in more densely populated areas, and as a result
have more restrictions and regulations placed on them.!'?*??* It is also possible other factors
contribute to the contradictory results, such as different management practices, including variation in

the use of antibiotics and feed additives, and potential differences in the types of people that live near
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CAFOs. Exposure to farm life and livestock are known to have protective effects against asthma and
allergies.!#%160:163264277 Thege protective effects are largely thought to be attributed to the increase in
exposure to microbial diversity found on farms.'**!"® However, findings from this study, and the few

other observational studies in the U.S,!316:30-32.35

suggest there is something about the exposure to
CAFOs which may present inflammatory responses, rather than protective responses. The exact
reason is unknown, but evidence showing farm workers are risk of this suggest that it could be
exposure to a higher concentration of air emissions and microbes, !7-!8:166.208221311312 [t has heen
suggested that low doses of microbial burden may be beneficial, while high doses may be too much
for the immune system whereby introducing a pro-inflammatory response, '24160:223.289.313

A strength of this study was its ability to explore nonlinear relationships between proximity
to a CAFO and respiratory health outcomes. Unadjusted cubic spline function of distance to the
nearest CAFO regressed by asthma and allergy outcomes revealed the odds of asthma and allergies
decreased as distance to the nearest CAFO increased from 0-5 miles. At around 5-6 miles from a
CAFO the odds of asthma and allergies was lowest and increased until about 10-11 miles from a
CAFO, at which point it appeared to level off. Prior studies have tended to group the exposure
measure, and only Borlee et al (2015) showed cubic spline plots of distance to the nearest CAFO and
wheezing in the Netherlands.!® Distances investigated only went from 0 to 1500m, making results
largely incomparable to the U.S. where residents are not in as close proximity to CAFOs. The
relationship seen in this study confirms cut points used in prior studies in the U.S. which tended to
compare residents living <3 miles to a CAFO to those living greater than 3 miles from a
CAFO.!%3%3235 The cubic spline curves also support evidence of both the negative and protective
health effects from exposure livestock seen from prior studies. Splines suggest at close proximity to a
CAFO, odds of asthma and allergies are higher than at far distances, but that distances of 3-7 miles

from a CAFO, protective effects may be possible, as the odds are lower than those seen at distances

greater than 7 miles. However, it is important to emphasize this is an exploratory, observational
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study. Proxy measures of exposure to CAFOs are not ideal and may have resulted in
misclassification of the exposure. Furthermore, residual confounding is likely present, and we cannot
be certain as to why there is a dip in the odds of asthma and allergies at 5-7 miles from a CAFO. It is
possible that at this distance residents are different in other ways — i.e. they may have exposure to
more microbial diversity, more likely to have grown up on farm, or are more likely to be exposed to
fewer air emissions through their occupation. We could not completely account all these factors in
this study.

Chapter 3, Aim 2, investigated the association between residential proximity to the nearest
CAFO and the prevalence of asthma and lung function among a study sample of children and
adolescents from across the state. While most prior studies among adults have taken place in Europe,
most of the studies investigating health effects among children living near CAFOs come from the
U.S., primarily Iowa, North Carolina, and Washington State.**? This study was an important
contribution as it brought the research to another state, where CAFO type, settlement, management,
and regulations differ.

This study found children and adolescents living in proximity to a CAFO were more likely to
have had a wheezing episode in the last 12 months and have taken asthma medication in the last 3
months. While similar associations with doctor diagnosed asthma, current asthma, and asthma attack
in the last 12 months were observed, they were not statistically significant. These results were in
contrast to another rural pediatric asthma cohort study in Wisconsin of children aged 5-17 (n=1000
children) which compared children born on dairy farms to children who grew up in similar rural area
but without farm exposure.'®” They found those who grew up on dairy farms were less likely to be
asthmatic compared to children from non-farms in rural areas. However, this did not specifically
investigate exposure to large-scale CAFOs and was more suggestive of exposure to small-scale farm
life. In fact, the handful of studies finding school and residential proximity to CAFOs to be

associated with a higher prevalence of asthma is in contrast to decades of research which have
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indicated children who live on farms or have livestock exposure in early life have a decreased risk of
developing atopy and asthma.!63264277314 These findings are also in support of the hypotheses which
speculate that exposure to small farm life may offer protection from asthma and allergies due to the
diversity of exposures to grasses, hay, dirt, dust, feed, livestock and fodder, which can lead to a more
diverse microbiome in children living on these farms.'?*!37:170-28 Alpha and Beta diversity of
children’s nasal microbiome have been associated with having a protective effect against atopy and
asthma, which has been linked to farm exposure.!”>**

Results from this study strengthen and confirm emerging evidence that proximity to CAFOs
may have negative effects on children’s respiratory health. This study supports the hypothesis that
living near CAFOs may result in exposure to a decrease in the diversity of microbes with an
abundance of a few inflammatory microbes, when compared with smaller farms, due to the large
abundance and concentration of one specific type of animal, feed, and manure.'**!>"!70 Sequencing
of 16SrRNA components of aerosols at varying distances from dairy CAFOs in Colorado revealed a
microbiome derived predominantly from animal sources with bacterial genera dominate by
Staphylococcus, Streptococcus, Haemphilus and Pseudomonas, all of which have pro-inflammatory
and pathogenic capacity in humans.!”* Furthermore, antibiotic use is higher on CAFOs and high
concentrations of several veterinary antibiotics have been found in airborne PM downwind and
upwind of cattle CAFOs, where microbial communities of PM downwind were enriched with
ruminant-associated taxa and were distinct when compared to upwind PM.”%"!

Antibiotic use and resistance is a well-known disruptor of asymptomatic colonization
patterns and can result in reduced microbial diversity.'” It is also plausible that antibiotics may play
a role in the different health effects seen among children living near CAFOs when compared to
studies which have found protective effects among children growing on small, traditional-style
farms. The results of this study provide further rationale for more research which investigates the

microbial differences seen near livestock farms of different sizes, with different management styles,
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to see how they can affect air emissions, and specifically microbial diversity near the facilities and
among nearby residents.

Unlike with the adults, this study did not find associations with lung function and proximity
to a CAFO. Few studies have assessed lung function among children living near CAFOs and thus
there is not a lot of supporting evidence to suggest lung function is associated with proximity to a
CAFO or not. While one would perhaps expect lung function to be lower among those living nearer
to a CAFO due to the increased exposure to air emissions, lung function measurements are also
collected just once in this study and may be more reflective of acute exposure. Results from this
study are contrary to results seen in a longitudinal study in Washington which found measured
ammonia levels to be correlated with residential proximity to CAFOs, and associated with a decrease
in FEV1 % predicted, but only with one and two day lagged concentrations.*? In this study, the
asthma outcomes asked were about symptoms and diagnoses over 3 months, 12 months, and the
lifespan, and may be more reflective of chronic exposure from nearby air emissions.

Having a statewide sample of children was both a strength and a weakness of this study, and
presented a unique challenge many prior studies did not face — having a mix of urban and rural
residents. Sensitivity analyses revealed stronger associations between proximity to the nearest CAFO
and asthma outcomes when Milwaukee county residents (largest urban metropolitan area in the state)
were removed from analysis; and even larger effect sizes when all urban residents were removed
from analyses. This finding suggests that by including urban residents in the analyses, residual
confounding is introduced. This could be due to higher exposures to air pollutants from other sources
such as vehicles or industries which are more prevalent in urban areas. It could also be due to other
factors related to asthma prevalence that may be different in an urban setting when compared to a
rural setting. Fine particulate matter is higher in the urban areas of Wisconsin (Figure C1) and the
prevalence of asthma is also higher among our study sample in urban areas. However, prevalence

estimates of asthma may not reflect true prevalence of asthma due to reporting bias from variation in
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access to healthcare. By including urban participants in analyses, who are more likely to be far from
CAFOs, but have a higher prevalence of asthma, results may potentially be biased towards the null.
The unadjusted cubic splines showed a similar pattern as seen with the adults in Chapter 2 (Aim 1).
When urban residents were included, the log odds of asthma outcomes tended to be higher than at
near distances, likely representing the higher prevalence in the cities that was not seen in Chapter 2
where only rural adults were included in analyses. It was decided that Chapter 3 (Aim 2) retain all
urban and rural children participants due to the small sample size and low prevalence of both the
exposure and outcome.

In Chapter 4 (Aim 3), a relative exposure metric was developed which estimated cumulative
exposures using an the additive model estimating exposure from all CAFO air emissions from both
time spent at home and school, taking into account CAFO size, distance, wind direction and wind
speed. A couple studies in lowa and Washington found residential proximity to be associated with

30,32

pediatric asthma prevalence,” - while two additional studies in lowa and North Carolina found

school attendance near a CAFO to also be associated with an increased prevalence of asthma.?!*
These prior findings suggest that exposure to CAFOs from time spent at home and at school may
affect pediatric respiratory health. Yet, no study had attempted to refine the relative estimate of
exposure to capture both potential exposure to CAFOs while at home and at school. Furthermore,
many prior studies focused on cumulative effects of AFOs within 3 miles or distance to the nearest
CAFO, not taking into account potential local and regional elevated air emissions from CAFOs
which may extend beyond those distance cut point. This study considered exposure to all CAFOs in
the state, using the inverse square law to weight exposure to nearby CAFOs more heavily than those
far away.

Similar to Aim 2, this study found relative exposure to CAFOs to be associated with doctor

diagnosed asthma and wheezing when using a more refined estimate of exposure. Similar trends for

all respiratory outcomes were seen with the relative exposure metric as were seen with distance to the
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nearest CAFO. Lung function was not found to be associated with relative exposure to CAFOs, and
unadjusted cubic spline plots showed a similar trend in association between exposure and asthma
outcomes.

One important finding from Aim 3 was an increased understanding regarding the potential
variability in exposure to CAFOs estimated from home and school locations. While we may have
anticipated children who live near a CAFO to also be more likely to attend school near a CAFO, and
vice versa, we found exposure to CAFOs from both locations to be variable. Around 6% of the study
sample lived within 3 miles of a CAFO and attended school within 3 miles of CAFO. Whereas 9%
either lived, or attended school, within 3 miles of CAFO, but not both (Table D5).

Findings across all three aims are consistent and robust which suggest future research that
builds off these observational studies are warranted. Effects observed between adults and children,
with both distance to the nearest CAFO and also with a relative exposure metric, were relatively
similar. To improve understanding of causal mechanisms, future research should refine
measurements of exposure and outcomes and consider a longitudinal, cohort or case-control design.

A somewhat surprising outcome, as shown in Tables D6-D8, was that distance to the nearest
CAFO was perhaps a better predictor of asthma outcomes in children, with better model fit statistics,
when compared to the relative exposure metric. However, the fit statistics did not differ greatly
among the various exposure metrics, and should be interpreted with caution. It cannot be determined
from this study which proxy measure of exposure to CAFOs is a better estimate of actual exposure to
air emissions from CAFOs. Based on prior atmospheric dispersion modeling, fate and transport
research of endotoxin, antibiotics, PM2.5, H2S, and ammonia can be influenced by direction, wind,
size and type of livestock farms, as well as management practices,*26:4443:297:298:300.315317 yye have
every reason to believe the more refined exposure metric used in Chapter 4 is a better surrogate

measure of potential exposure to CAFOs, although actual measurement of air emissions at both the
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sources and the residence or school would need to be gathered in order to determine whether that is
true or not.

This study also highlights need for better data on livestock farms that do not meet regulatory
standards under NPDES under the CWA. The relative exposure metric suggests that the
concentration and size of livestock may play a role and that living downwind from two AFOs with
500 animal units each may be no different than living near one CAFO with 1000 animal units.
However, there is no regulatory measures on non-CAFO in the state which provide public data on
them, or any passive surveillance which would allow us to better research and understand their role

in community respiratory health.

5.2 Strengths and limitations

Strengths

This study contributes to the national and international literature and offers many strengths.
This study used a statewide sample of both adults and residents, which provided a unique population,
as many prior studies were conduct on panels or smaller communities living near CAFOs. By using
SHOW? s statewide study sample, this study was able to span different geographical regions within
the state. SHOW’s breadth of data enabled this research to be analyzed among both adults and
children, and assess many behavioral and environmental characteristics as confounders. Having both
objective measures of lung function and subjective measures of asthma and allergies was an
additional strength, only a few studies have been able to do.

This study offered strengths in its ability to refine proxy measures of exposure. Individual
levels of exposure were retained and cubic splines were used which provided important insights into
the potential exposure-outcome relationship between CAFOs and respiratory health among nearby
residents. Furthermore a refined estimate of exposure was used, which attempted to capture

children’s exposure to CAFO from both time spent at home and school, something no other studies
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have done. Most of all, this study provides a well thought out and thorough exploratory and
descriptive analysis of respiratory health among child and adult residents living near CAFOs in
Wisconsin, which are mostly dairy. Bringing this research into a new state, which has different
settlement and regulation of CAFOs offers a very valuable foundation of knowledge upon which to

inform the direction of future studies in the state.

Limitations

While observational studies such as this one are an important contribution to the field, they
also have limitations which must be acknowledged and realized when interpreting results. The
statewide, population-based study sample presented challenges when investigating a rare exposure,
such as living near CAFOs. Furthermore, the prevalence of some of the asthma outcomes — such as
asthma medication use and asthma episodes in the last 12 months — likely resulted in having low
power to detect associations and Odds Ratios may be an overestimation of true associations in the
state population. The statewide sample also introduced a spatial challenge which prior studies did not
face — having a mix of urban and rural participants, in combination with CAFOs existing in and near
urban-defined census block groups. Teasing out potential residual confounding from urban sources of
air pollution, or other factor unique to urban vs. rural settings that may be related to air pollution
exposure and asthma, allergies, and lung function was difficult to do in this study. The low power
and small study sample in Aim 2 and 3 of this study allowed for little ability to assess many
confounders at once, or to investigate potential interactions. In addition, several of the data available
on potential confounders were imperfect measures. For example, proxy measures of exposure to
vehicle and industry emissions likely did not adequately capture relative exposure to other sources of
air pollution, which may have led to misclassification of confounders as well as the main exposure.
Limited data was available on occupational exposures to air pollution, or livestock — something

which may have greatly altered associations seen in Aim 1 in particular, since adults spend a lot of
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time at their job. Not having information on childhood respiratory infection or exposure to farm-
life/livestock may have also affected results seen in Aim 2 and 3. This study was also cross-sectional,
and as such causality cannot be assessed. Ascertainment of the outcomes relied on self-reported data
which may suffer from recall bias, and objective measures of lung function which may not reflect
overall lung function but rather reflect an acute measure of lung function.

One of the biggest limitations of this study is in its proxy measure of exposure to CAFOs.
While more refined than most, it has likely resulted in misclassification of the exposure. Not only
were other factors which are known to influence the concentration, fate and transport of air emission
not included in Aim 1 and 2, but exposure to other non-CAFO sized livestock farms were not
accounted, of which there are over 8,000 in Wisconsin.**> Exposure to nearby crop field emissions,
which include airborne uptake from manure and chemicals spread on crop fields, were also not
considered in this study, something that could be a driving factor in associations seen, rather than the
CAFO facilities themselves. Identifying the exact cause of associations found in this study was not
possible, but it is important to recognize that differences seen in respiratory health among those
living near CAFOs vs. those living far from CAFOs may be due to other farming exposures, or due

to differences between the two study populations which are unknown confounders.

Implications

Overall this collective work represents an important first step in the process of discovery in
environmental health sciences research. As Kaufman and Curl (2019) point out with their latest
Translational Research Framework for Environmental Health Sciences, while some important
translational research fits the bench-to-bedside model and is discovered in the lab, most important
environmental health discoveries are driven by observations from clinicians, researchers, and the
public themselves.*'® The source of London’s cholera outbreak was discovered by John Snow’s

observation of the geographical distribution of cases.>'” In 1930, Merewether and Price’s
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observational study of the asbestos industry was what launched are current understanding of risks of
occupational exposure to asbestos.*?’

The value of observational studies often relies on the generation of many of observational
studies over time, each playing an important role in the genesis of health improvement.*'® For
example, it was the consistent results from a series of many well-designed observational studies in
the late 1980s, which lead to our current understanding of the effect of second-hand smoke on low
birth weight.**!**? Additionally, the value of the public and media in making important observations
and contributions to environmental health discoveries cannot be understated.*'® For example,
undertakers and florists were the ones who first observed effects of the Great London Smog when
they began running out of coffins and fresh flowers due to a very high untick in the number of
funeral arrangement requests.’?

This study demonstrates another example of observational research, largely fueled from
public and media observations. While the Right to Farm law in Wisconsin makes it difficult for
individuals to file private nuisance claims in response to potential exposures from CAFOs and human
health effects,?*> communities in Wisconsin have banded together to form coalitions to fund litigation
fees, and have drawn media attention.3* 828889324 There have been several media splashes and articles
highlighting neighbors who can’t breathe due to the strong ammonia odors and who face respiratory
symptoms from nearby large livestock farms.”®#388242325 A5 Kaufman and Curl (2019) state, “The
initial discovery phase in environmental health sciences most often takes the form of an observation
of an environmental exposure that has the potential to cause harm to human health.”'® This study
does just that — it (1) leverages existing knowledge of air emission releases from CAFOs, known fate
and transport of those emissions, and their known potential for triggering asthma symptoms and
inflammation of the respiratory system; it (2) takes current public and media observations which
suggest a potential harm to human health may be occurring among residents living near CAFOs in

the state; (3) it finds a paucity of research on the topic, and no studies in Wisconsin, where state
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regulations of CAFOs may alter exposure levels and the effects of exposures compared to other
states; and it (4) adds to the T1 Discovery Phase in Kaufman and Curl’s Framework Model by
conducting an observational study where there is a potential environmental exposure which has the

potential to cause harm to human health.
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Figure 17. Kaufman and Curl’s (2019) framework for translational research in the context of
environmental health sciences.*!®

5.3 Future Directions

Results from this study suggest additional research is warranted in Wisconsin around
exposure to CAFOs and asthma, allergies and lung function. Future studies should consider
addressing limitations of this study around study design, estimates of exposure and the outcomes. In
order to account for the low prevalence of the exposure, a cohort study which selects study
participants by exposure status should be considered. An additional method which addresses the
potential low prevalence of asthma outcomes, would be to design a case-control study in a county or
area with a large concentration of CAFOs, such as Brown County, where the likelihood having both

cases and controls with and without the exposure is higher.
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Addressing current gaps in knowledge around the role the microbiome plays would greatly
contribute to our understanding of how and why livestock farms may have protective or deleterious
effects on respiratory health, and what role antibiotic use and the size of farms plays in this
connection. Recent protocol developments and pilot studies within the SHOW infrastructure could be
leveraged to write a grant for an ancillary study that takes this research a step further. The Wisconsin
Microbiome Follow-up study recently collected participant stool samples, as well as household dust,
high touch surface swab, and soil samples from SHOW participants and participant households. In
addition, SHOW assisted in the protocol development and data collection of the Cumulative Risks,
Early Development, and Academic Trajectories study (CREATE), where personal air pollution
exposure was collected on 3-4 year old children via a small monitor in a backpack the children wore
over 2 days, across 2 time points. Also, urine, cheek swabs, and hair samples were successfully
collected on the children. Evidence suggests early life exposure to farm life, livestock, and microbial
diversity are likely an important window by which asthma and allergy status are affected.!?*!71:173
Capturing gut microbiome and personal air exposure among children, in addition to household
microbiome, household air pollution data, and nearby CAFO air pollution data would strengthen the
measurement of exposure, as well as our understanding of how microbes and other air constituents
play a role in the asthma and allergy development. An additional study which focuses on data
collection pertaining to this specific research question also enables better data collection around
parental occupations, residential mobility and early life exposure to livestock and respiratory
infections — all important confounders that were not easy to account for in this study.

This study highlights the importance of surveillance data. Passive surveillance can be an
effective and inexpensive way to start observational research around a potential environmental
exposure. In this study, CAFO data obtained via WPDES permits were used. However additional
surveillance that includes livestock farms of all sizes would be useful. [owa for example requires

permitting of all Animal Confined Operations, regardless of their size, and has public use datasets,
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which include their location, animal type, and quantity of animals. Beyond just data pertaining to
livestock farms, this study highlights the need for data on crop fields and their manure applications
and chemical applications. It is certainly plausible that associations seen in this study could be due to
other nearby farming practices, which were not accounted for.

While this study does not provide conclusive evidence by which to drive policy changes,
other states have made changes in how they regulate livestock farms, recognizing the potential for
human health effects and being proactive. Wisconsin could look to other states for models and make
changes to how they regulate agriculture that help mitigate conflict and reduce potential human
health effects from living near CAFOs until more research is realized. Schultz and Harvey (2017)
provide several examples of changes other states have made to their Right to Farm laws (See Table
#) which Wisconsin could consider in an effort to protect potential human health effects from living

near CAFOs until further evidence is provided.?**
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Table 4. Suggested changes to Wisconsin’s Right to Farm Law.

Suggested change

Reasoning

Removing proof of threat to public health and
safety as necessity for private nuisance

Change in definition of agricultural use and
practice

Add recognition of "change in agricultural use"
as either exemption from Right to Farm, or
open period for contested nuisance claims

Add mandatory regulation of odor, air, and
adjacent property private well water

Exempt farms with over a certain number of

animal units from Right to Farm laws

Ban manure irrigation use and winter spreading
of manure

Proving public health and safety is akin to a
public nuisance and not a private nuisance. The
inability to file a private nuisance claim was in
fact found to be an unconstitutional takings
according to lowa's state constitution, and
Washington State narrowly defined their Right
to Farm law protection only against urban
encroachment.

Minnesota provides more explicit and detailed
definitions of agricultural uses and practices so
that some categories of uses and practices may
be exempt or singularly included under specific
aspects of the Right to Farm law, such as
expansions or change in use permits.

Some state, Indiana for example, not only
recognize change in use in their Right to Farm
statute, but exempt the change in use from
Right to Farm protection at least for a certain
period of time (typically 1 year), so that private
and public nuisance have minimal limitations
by which to file claims.

Since the federal government minimally
regulates air pollution, states can take it upon
themselves to regulate it. Minnesota regulates
and monitors Hydrogen Sulfide on CAFOs and
Missouri enforces regulation of an odor control
plan and a numerical odor test on CAFOs in the
state.

Minnesota explicitly exempts CAFOs from
Right to Farm protections under its statute,
opening them up for nuisance claims like any
other property owner would face.

Michigan and Minnesota, among other states,
have banned manure irrigation in counties
where the most conflict would ensue. In three
counties in Wisconsin, local efforts to ban
winter spreading of manure have statistically
significantly decreased the contaminant levels
in nearby wells, supporting this proposed
change.

Source: Schultz and Harvey (2017)



138

References

1.

10.

11.

12.

13.

14.

Huber B. As Factory Farms Spread, Government Efforts to Curb Threat From Livestock
Waste Bog Down - FairWarning | FairWarning. Fair Warning.
http://www.fairwarning.org/2013/05/as-factory-farms-spread-government-efforts-to-curb-
threat-from-livestock-waste-bog-down/. Published 2013. Accessed April 15, 2016.

Zboreak V. “Yes, in Your Backyard!” Model Legislative Efforts to Prevent Communities
from Excluding CAFOs. Wake For J Law Policy. 2015;5(1):147-163.

US EPA. Animal Feeding Operations (AFOs). https://www.epa.gov/npdes/animal-
feeding-operations-afos. Published 2016. Accessed September 8, 2016.

Schiffman SS, Bennett JL, Raymer JH. Quantification of odors and odorants from swine
operations in North Carolina. Agric For Meteorol. 2001;108(3):213-240.
doi:10.1016/S0168-1923(01)00239-8.

Omland @. Exposure and respiratory health in farming in temperate zones - A review of
the literature. Ann Agric Environ Med. 2002;9(2):119-136.

Cole D, Todd L, Wing S. Concentrated swine feeding operations and public health: A
review of occupational and community health effects. Environ Health Perspect.
2000;108(8):685-699. doi:10.1289/ehp.00108685.

Radon K. The two sides of the “endotoxin coin.” Occup Environ Med. 2006;63(1):73-78.

Kirkhorn SR, Garry VF. Agricultural lung diseases. Environ Health Perspect.
2000;108(4):705-712. doi:10.1289/ehp.00108s4705.

Hooiveld M, Smit LAM, van der Sman-de Beer F, et al. Doctor-diagnosed health
problems in a region with a high density of concentrated animal feeding operations: a
cross-sectional study. Environ Health. 2016;15(24). doi:10.1186/s12940-016-0123-2.

Borlée F, Yzermans CJ, van Dijk CE, Heederik D, Smit LAM. Increased respiratory
symptoms in COPD patients living in the vicinity of livestock farms. Eur Respir J.
2015;46(6):1605-1614. doi:10.1183/13993003.00265-2015.

Smit LAM, Hooiveld M, van der Sman-de Beer F, et al. Air pollution from livestock
farms, and asthma, allergic rhinitis and COPD among neighbouring residents. Occup
Environ Med. 2014;71:134-140. doi:10.1136/oemed-2013-101485.

Radon K, Schulze A, Ehrenstein V, Rob T. van S, Praml G, Nowak D. Environmental
Exposure to Confined Animal Feeding Operations and Respiratory Health of Neighboring
Residents. Epidemiology. 2007;18(3):300-308. doi:10.1097/01.ede.0000259966.62137.84.

Schulze A, Rommelt H, Ehrenstein V, et al. Effects on pulmonary health of neighboring
residents of confined animal feeding operations: exposure assessed using optimized
estimation technique. Arch Environ Occup Health. 2011;66(3).
doi:10.1080/19338244.2010.539635.

Michalopoulos C, Tzavara C, Liodakis S. Intensive hog farming operations, health risks,



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

139

and quality of life of nearby residents in east Mediterranean. Air Qual Atmos Heal.
2016;9:421-427. doi:10.1007/s11869-015-0351-6.

Wing S, Wolf S. Intensive livestock operations, health, and quality of life among eastern
North Carolina residents. Environ Health Perspect. 2000;108:233-238.
doi:10.1289/ehp.00108233.

Rasmussen SG, Casey JA, Bandeen-Roche K, Schwartz BS. Proximity to industrial food
animal production and asthma exacerbations in Pennsylvania, 2005-2012. Int J Environ
Res Public Health. 2017;14(4). doi:10.3390/ijerph14040362.

Schiffman SS, Studwell CE, Landerman LR, Berman K, Sundy JS. Symptomatic effects
of exposure to diluted air sampled from a swine confinement atmosphere on healthy
human subjects. Environ Health Perspect. 2005;113(5):567-576. doi:10.1289/ehp.6814.

Avery RC, Wing S, Marshall SW, Schiffman SS. Odor from industrial hog farming
operations and mucosal immune function in neighbors. Arch Environ Health. 2004.
do0i:10.3200/AEOH.59.2.101-108.

Horton RA, Wing S, Marshall SW, Brownley KA. Malodor as a trigger of stress and
negative mood in neighbors of industrial hog operations. Am J Public Health. 2009.
doi:10.2105/AJPH.2008.148924.

Wing S, Horton RA, Rose KM. Air pollution from industrial swine operations and blood
pressure of neighboring residents. Environ Health Perspect. 2013;121:92-96.
doi:10.1289/ehp.1205109.

Wing S, Horton RA, Marshall SW, et al. Air pollution and odor in communities near
industrial swine operations. Environ Health Perspect. 2008. doi:10.1289/ehp.11250.

Schinasi L, Horton RA, Guidry VT, Wing S, Marshall SW, Morland KB. Air pollution,
lung function, and physical symptoms in communities near concentrated Swine feeding
operations. Epidemiology. 2011;22:208-215. doi:10.1097/EDE.0b013e3182093c8b.

Carrel M, Young SG, Tate E. Pigs in Space: Determining the Environmental Justice
Landscape of Swine Concentrated Animal Feeding Operations (CAFOs) in lowa. Int J
Environ Res Public Health. 2016;13(9). doi:10.3390/ijerph13090849.

Schinasi L, Horton RA, Guidry VT, Wing S, Marshall SW, Morland KB. Air Pollution,
Lung Function, and Physical Symptoms in Communities Near Concentrated Swine
Feeding Operations. Epidemiology. 2011;22(2):208-215.
doi:10.1097/EDE.0b013e3182093c8b.

Mitloehner FM, Schenker MB. Environmental exposure and health effects from
concentrated animal feeding operations. Epidemiology. 2007;18(3):309-311.
doi:10.1097/01.ede.0000260490.46197.€0.

Dungan RS. Board-invited review: Fate and transport of bioaerosols associated with
livestock operations and manures. J Anim Sci. 2010;88:3693-3706. doi:10.2527/jas.2010-
3094.

Bakutis B, Monstviliene E, Januskeviciene G. Analyses of airborne contamination with



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

140

bacteria, endotoxins and dust in livestock barns and poultry houses. Acta Vet Brno.
2004;73:283-289. do0i:10.2754/avb200473020283.

Roque K, Lim G-D, Jo J-H, et al. Epizootiological characteristics of viable bacteria and
fungi in indoor air from porcine, chicken, or bovine husbandry confinement buildings. J
Vet Sci. 2016. doi:10.4142/jvs.2016.17.4.531.

Mirabelli MC, Wing S. Proximity to pulp and paper mills and wheezing symptoms among
adolescents in North Carolina. Environ Res. 2006;102(1):96-100.
doi:10.1016/j.envres.2005.12.004.

Pavilonis BT, Sanderson WT, Merchant JA. Relative exposure to swine animal feeding
operations and childhood asthma prevalence in an agricultural cohort. Environ Res.
2013;122:74-80. doi:10.1016/j.envres.2012.12.008.

Sigurdarson ST, Kline JN. School proximity to concentrated animal feeding operations
and prevalence of asthma in students. Chest. 2006;129(6):1486-1491.
doi:10.1378/chest.129.6.1486.

Loftus C, Yost M, Sampson P, et al. Ambient Ammonia Exposures in an Agricultural
Community and Pediatric Asthma Morbidity. Epidemiology. 2015;26:794-801.
doi:10.1097/EDE.0000000000000368.

Merchant JA, Naleway AL, Svendsen ER, et al. Asthma and Farm Exposures in a Cohort
of Rural Iowa Children. Environ Health Perspect. 2005;113(3):350-356.
doi:10.1289/ehp.7240.

Guidry VT, Gray CL, Lowman A, Hall D, Wing S. Data quality from a longitudinal study
of adolescent health at schools near industrial livestock facilities. Ann Epidemiol.
2015;25(7):532-538.¢1. doi:10.1016/J.ANNEPIDEM.2015.03.005.

Mirabelli MC, Wing S, Marshall SW, Wilcosky TC. Asthma symptoms among
adolescents who attend public schools that are located near confined swine feeding
operations. Pediatrics. 2006;118:€66-¢75. doi:10.1542/peds.2005-2812.

Hoopmann M, Hehl O, Neisel F, Werfel T. [Associations between bioaerosols coming
from livestock facilities and asthmatic symptoms in children]. Gesundheitswesen.
2006;68(8-9):575-584. doi:10.1055/s-2006-926987.

Wilson SM, Serre ML. Examination of atmospheric ammonia levels near hog CAFOs,
homes, and schools in Eastern North Carolina. Atmos Environ. 2007;41:4977-4987.
doi:10.1016/j.atmosenv.2006.12.055.

Seltenrich N. Dust Emissions from Cattle Feed Yards: A Source of Antibiotic Resistance?
Environ Health Perspect. 2015;123(4). doi:10.1289/ehp.123-A96.

Wooten KJ, Blackwell BR, McEachran AD, Mayer GD, Smith PN. Airborne particulate
matter collected near beef cattle feedyards induces androgenic and estrogenic activity in
vitro. Agric Ecosyst Environ. 2015;203:29-35. doi:10.1016/j.agee.2015.01.016.

McEachran AD, Blackwell BR, Hanson JD, et al. Antibiotics, Bacteria, and Antibiotic
Resistance Genes: Aerial Transport from Cattle Feed Yards via Particulate Matter.



41.

42.

43.

44,

45.

46.

47.

48.
49.
50.

51.

52.

53.

54.

141

Environ Health Perspect. 2015;123(4):337-343. doi:10.1289/ehp.1408555.

Dungan RS, Leyton AB. Ambient endotoxin concentrations and assessment of offsite
transport of opent-lot and open-freestall diaries. Tech Reports Atmos Pollut Trace Gases.
2011.

Chapin A, Rule A, Gibson K, Buckley T, Schwab K. Airborne multidrug-resistant bacteria
isolated from a concentrated swine feeding operation. Environ Health Perspect.
2005;113(2):137-142. doi:10.1289/ehp.7473.

Dungan RS, Leytem AB, Bjorneberg DL. Concentrations of airborne endotoxin and
microorganisms at a 10,000-cow open-freestall dairy. J Anim Sci. 2011;89:3300-3309.
doi:10.2527/jas.2011-4002.

Moreira DM, Tirabassi T CJ. Plume dispersion simulation in low wind conditions in
stable and convective boundary layers. Atmos Environ. 2005;39(20):3643-3650.

Williams AL, Mccormack MC, Matsui EC, et al. Cow allergen (Bos d2) and endotoxin
concentrations are higher in the settled dust of homes proximate to industrial-scale dairy
operations. J Expo Sci Environ Epidemiol. 2015;2657:42-47. do0i:10.1038/jes.2014.57.

O’Shaughnessy PT, Altmaier R. Use of AERMOD to determine a hydrogen sulfide
emission factor for swine operations by inverse modeling. Atmos Environ.
2011;45(27):4617-4625. doi:10.1016/j.atmosenv.2011.05.061.

WDNR. CAFO and CAFO WPDES permit statistics. WDNR, Wisconsin Department of
Natural Resources. http://dnr.wi.gov/topic/AgBusiness/CAFO/StatsMap.html. Published
2016. Accessed May 3, 2016.

40 CFR § 122.23 (b). Concentrated Animal Feeding Operations.; 2012.
33US8.Cyg 1342.

Dimitri C, Effland A, Conklin N. The 20th century transformation of U.S. agriculture and
farm policy / Carolyn Dimitri, Anne Effland, and Neilson Conklin. Transformation.
2005;3(Economic Information Bulletin Number 3):17.
http://proxyiub.uits.iu.edu/login?url=http://search.ebscohost.com/login.aspx?direct=true&
db=edswao& AN=edswao0.389725811&site=eds-live&scope=site.

Lapping MB, Leutwiler NR. Agriculture in Conflict : Right-to-Farm Laws and the Peri-
Urban Milieu for Farming. In: Sustaining Agriculture Near Cities. ; 1987:211.
http://www.farmlandinfo.org/sites/default/files/ AGRICULTURE IN CONFLICT 1.pdf.
Accessed September 8, 2016.

Lisansky J, Clark G. Farmer—nonfarmer Conflicts in the Urban Fringe: Will Right-to-
Farm Help? Washington, D.C.; 1987.

Burkholder J, Libra B, Weyer P, et al. Impacts of waste from concentrated animal feeding
operations on water quality. Environ Health Perspect. 2007;115:308-312.
doi:10.1289/ehp.8839.

Cotruvo JA, Dufour A, Rees G, et al. Waterborne Zoonoses: Identification, Causes, and



55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

142

Control. Waterborne Zoonoses Identification, Causes, Control. 2004:485 p.

Greger M, Koneswaran G. The public health impacts of concentrated animal feeding
operations on local communities. Fam Community Health. 2010;33(1):11-20.
doi:10.1097/FCH.0b013e3181c4e22a.

Mitloehner FM, Schenker MB. Environmental exposure and health effects from
concentrated animal feeding operations. Epidemiology. 2007;18:309-311.
doi:10.1097/01.ede.0000260490.46197.€0.

US EPA. Air Emissions Inventories: Air Emissions Sources. United States Environmental
Protection Agency. https://www.epa.gov/air-emissions-inventories/air-emissions-sources.
Published 2016. Accessed March 3, 2017.

National Research Council’s Committee on Animal Nutrition. Air Emissions from Animal
Feeding Operations: Current Knowledge, Future Needs. The National Academic Press.

US EPA. Emission Standards Division. Office of Air Quality Planning and Standards.
2001. Emissions From Animal Feeding Operations. Draft.
http://www.epa.gov/ttn/chief/ap42/ch09/draft/draftanimalfeed.pdf. Published 2001.
Accessed May 5, 2017.

EHSRC (Environmental Health Sciences Research Center). No Title. available:
http://www.publichealth.uiowa.edu/ehsrc/CAFOstudy.htm. Published 2002. Accessed
May 2, 2017.

Baldwin F, Armbruster D, Hultin ML, et al. Concentrated Animal Feedlot Operations (
CAFOs ) Chemicals Associated with Air Emissions Chemicals Associated with CAFOs.
2006.

Donham KJ, Cumro D, Reynolds SJ, Merchant JA. Dose-Response Relationships
Between Occupational Aerosol Exposures and Cross-Shift Declines of Lung Function in

Poultry Workers: Recommendations for Exposure Limits. J Occup Env Med.
2000;42(3):260-269.

EarthTech. Final Technical Work Paper For Human Health Issues. Animal Agriculture
GEIS. Prepared for Minnesota Planning.; 2001.

US EPA. Environmental Impacts from Pathogens. Ag 101.
http://www.epa.gov/agriculture/agl 01/impactpathogens.html. Published 2004.

Copeland C. Animal Waste and Water Quality: EPA Regulation of Concentrated Animal
Feeding Operations (CAFOs).; 2003.

Granados-Chinchilla F, Rodriguez C. Tetracyclines in Food and Feedingstuffs: From
Regulation to Analytical Methods, Bacterial Resistance, and Environmental and Health
Implications. J Anal Methods Chem. 2017;2017:1-24. doi:10.1155/2017/1315497.

Landers TF, Cohen B, Wittum TE, Larson EL. A Review of Antibiotic Use in Food
Animals: Perspective, Policy, and Potential. Public Health Rep. 2012;127(1):4-22.
doi:10.1177/003335491212700103.



68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

143

Redding LE, Bender J, Baker L. Quantification of antibiotic use on dairy farms in
Pennsylvania. J Dairy Sci. 2019;102(2):1494-1507. doi:10.3168/jds.2018-15224.

Granados-Chinchilla F, Rodriguez C. Tetracyclines in Food and Feedingstuffs: From
Regulation to Analytical Methods, Bacterial Resistance, and Environmental and Health
Implications. J Anal Methods Chem. 2017;2017:1-24. doi:10.1155/2017/1315497.

McEachran AD, Blackwell BR, Hanson JD, et al. Antibiotics, Bacteria, and Antibiotic
Resistance Genes: Aerial Transport from Cattle Feed Yards via Particulate Matter.
Environ Health Perspect. 2015;123(4):337-343. doi:10.1289/ehp.1408555.

Seltenrich N. Dust Emissions from Cattle Feed Yards: A Source of Antibiotic Resistance?
Environ Health Perspect. 2015;123(4). doi:10.1289/ehp.123-A96.

Wooten KJ, Blackwell BR, McEachran AD, Mayer GD, Smith PN. Airborne particulate
matter collected near beef cattle feedyards induces androgenic and estrogenic activity in
vitro. Agric Ecosyst Environ. 2015;203:29-35. doi:10.1016/j.agee.2015.01.016.

Rabaud NE, Ebeler SE, Ashbaugh LL, Flocchini RG. Characterization and quantification
of odorous and non-odorous volatile organic compounds near a commercial dairy in
California. Atmos Environ. 2003;37(7):933-940. doi:10.1016/S1352-2310(02)00970-6.

Wisconsin Blue Book. Wisconsin Blue Book: Chapter 8 — Agriculture Statistics (2015-
2016); 2016.
https://docs.legis.wisconsin.gov/misc/Irb/blue_book/2015 2016/800 agriculture stats.pdf.

Faster K. Why Wisconsin’s Livestock Farms Are Growing in Size. WisCONTEXT.
https://www.wiscontext.org/why-wisconsins-livestock-farms-are-growing-size. Published
2016.

Lee Bergquist. Massive dairy farms and locals debate: Can manure from so many cattle be
safely spread on the land? Milwaukee Journal Sentinel.
https://www.jsonline.com/story/news/politics/2017/04/21/wisconsins-massive-milk-
operations-local-residents-collide/100423944/. Published April 21, 2017. Accessed March
27,2019.

Dairy Farmers of Wisconsin. Dairy Statistics. Wisconsin Milk Marketing Board.
http://www.wisconsindairy.org/board-of-directors/facts-stats/dairystatistics. Published
2019. Accessed March 27, 2019.

Dairy Farmers of Wisconsin. Dairy Statistics. Wisconsin Milk Marketing Board.
http://www.wisconsindairy.org/board-of-directors/facts-stats. Published 2019.

Mayer M and Kammel David. Dairy Modernization Works for Family Farms. J Ext Shar
Knowledge, Enrich Ext. 2010;48(5). https://joe.org/joe/20100ctober/rb7.php. Accessed
March 27, 2019.

Midwest Environmental Advocates. Rosendale Dairy Case Summary. Midwest
Environmental Advocates. http://midwestadvocates.org/issues-actions/actions/rosendale-
dairy/. Published 2011. Accessed May 3, 2016.

Madden K. Saratoga CAFO fight continues: Attorney cites ways to block mega-dairy.



82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

144

Wisconsin Rapids Daily Tribune. July 2018.

Moberg G. Town Of Saratoga Moves To Protect Groundwater From Proposed CAFO |
Wisconsin Public Radio. Wisconsin Public Radio. https://www.wpr.org/town-saratoga-
moves-protect-groundwater-proposed-cafo. Published December 2, 2016. Accessed
March 31, 2019.

Goodner D. Bacteria in Wisconsin’s Drinking Water Is Public Health Concern. Wisconsin
Public Radio. http://www.wpr.org/bacteria-wisconsin’s-drinking-water-public-health-
concern. Published 2016. Accessed May 2, 2016.

Knobeloch L, Gorski P, Christenson M, Anderson H. Private drinking water quality in
rural Wisconsin. J Environ Health. 2013;75(7):16-20.
http://www.scopus.com/inward/record.url?eid=2-s2.0-

84877087984 &partnerID=40&md5=97833637e1ad629a1ab38374025508b2.

Wisconsin Department of Natural Resources and Education Subcommittee of the
Groundwater Coordinating Council. Testing for Drinking Water from Private Wells.
Wisconsin Department of Natural Resources, Bureau of Drinking Water and
Groundwater. http://dnr.wi.gov/topic/DrinkingWater/documents/pubs/TestsForWell.pdf.

VERBURG S. DNA evidence traces drinking water hazards back to farms and manure.
Wisconsin State Journal. https://madison.com/wsj/mews/local/govt-and-politics/dna-
evidence-traces-drinking-water-hazards-back-to-farms-and/article daf21447-0b24-5b0e-
ala6-ab3f5f17094c.html. Published February 28, 2019.

Whites-Koditschek S. Most nitrate, coliform in Kewaunee County wells tied to animal
waste. Wisconsin Public Radio. madison.com/ct/news/local/environment/most-nitrate-
coliform-in-kewaunee-county-wells-tied-to-animal/article a67e420b-2322-5f0a-b1e3-
40a13ed0560d.html. Published March 1, 2019.

Seely R. Manure spraying under scrutiny. Water Watch Wisconsin.
http://wisconsinwatch.org/2014/04/manure-spraying-under-scrutiny/. Published 2014.
Accessed May 2, 2016.

VERBURG S. Property values drop near large CAFOs, state says. Wisconsin State
Journal. https://madison.com/wsj/news/local/govt-and-politics/property-values-drop-near-
large-cafos-state-says/article 9f6da467-bObc-5de9-9883-2f14a6d0e439.html. Published
November 16, 2017.

Ruhl JB. Ecology Law Quarterly Farms, Their Environmental Harms, and Environmental
Law. 27 Ecol L Q. 2000;263. doi:10.15779/Z38C55S.

Weldon K. Regulating What Can’t Be Measured: Reviewing the Current State of Animal
Agriculture’s Air Emissions Regulation Post-Waterkeeper Alliance v. EPA. Vermont J
Environ Law. 2017;19. http://vjel.vermontlaw.edu/publications/regulating-cant-measured-
reviewing-current-state-animal-agricultures-air-emissions-regulation-post-waterkeeper-
alliance-v-epa/.

WATERKEEPER ALLIANCE, et al., Petitioners v. ENVIRONMENTAL PROTECTION
AGENCY, Respondent. U.S. Poultry and Egg Association, et al. I. United States Court of



93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

145

Appeals, District of Columbia Circuit.

Hendrick S, Farquhar D, Pound WT. Concentrated Animal Feeding Operations A Survey
of State Policies.; 2008.
http://www.pcifapia.org/ images/CAFO State Survey Introduction.pdf. Accessed March
26, 2019.

Iowa Department of Natural Resources. AFO Resources.
https://www.iowadnr.gov/Environmental-Protection/Land-Quality/Animal-Feeding-
Operations/AFO-Resources. Accessed March 17, 2019.

Fry JP, Laestadius LI, Grechis C, Nachman KE, Neff RA. Investigating the Role of State
Permitting and Agriculture Agencies in Addressing Public Health Concerns Related to
Industrial Food Animal Production. Akiba S, ed. PLoS One. 2014;9(2):89870.
doi:10.1371/journal.pone.0089870.

Fry JP, Laestadius LI, Grechis C, Nachman KE, Neff RA. Investigating the Role of State
and Local Health Departments in Addressing Public Health Concerns Related to Industrial
Food Animal Production Sites. Cayla JA, ed. PLoS One. 2013;8(1):e54720.
doi:10.1371/journal.pone.0054720.

Danielle Kaeding. One-Third of Wisconsin CAFOs Operating under expired Permits:
Backlog Rasise Concerns Over DNR Enforcement Capacity. Wisconsin Public Radio.
https://www.wpr.org/one-third-wisconsin-cafos-operating-under-expired-permits.
Published May 15, 2017.

US EPA O. Summary of the Clean Air Act. https://www.epa.gov/laws-
regulations/summary-clean-air-act. Accessed March 23, 2019.

42 U.S.C. §§7401-7671q. Clean Air Act | Environmental Law Reporter.
https://elr.info/legislative/federal-laws/clean-air-act. Accessed March 28, 2019.

US EPA O. CERCLA and EPCRA Reporting Requirements for Air Releases of
Hazardous Substances from Animal Waste at Farms. https://www.epa.gov/epcra/cercla-
and-epcra-reporting-requirements-air-releases-hazardous-substances-animal-waste-farms.
Accessed March 23, 2019.

U.S. EPA. 40 CFR Parts 302 and 355, CERCLA/EPCRA Administrative Reporting
Exemption for Air Releases of Hazardous Substances From Animal Waste at Farms.

Sierra Club v. Tyson Foods, F. Supp.2d 693, 693 (W.D. Ky. 2003) (Holding That Farms
Are Not Exempt from Reporting Requirements under CERCLA and EPCRA), Sierra Club
v. Seaboard Farms Inc., 387 F.3d 1167, 1176 (10th Cir. 2004) (Holding That the Term
"facili.

CLAUDIA COPELAND, CONG. RESEARCH SERV., RE 33691, ANIMAL WASTE AND

HAZARDouS SUBSTANCES: CURRENT LAWS AND LEGISLATIVE ISSUES 2 (2014)
(Hereinafter COPELAND, LAWS AND LEGISLATIVE ISSUES).

CERCLA/EPCRA Administrative Reporting Exemption for Air Releases of Hazardous
Substances from Animal Waste at Farms, 73 Fed. Reg. 76, 948, 76,956.



105.

106.

107.
108.

109.
110.
111.
112.

113.

114.
115.
116.
117.
118.

119.

120.

146

CAFOs Ordered to Report Hazardous Pollution, WATERKEEPER ALL. (Apr. 11, 2017),
https://waterkeeper.org/cafos-ordered-to-report-hazardous-pollution/
[https://perna.cc/8I5B-9INWK] (explaining how the decision closed a loophole in
reporting requirements).

Press Release, Envtl. Prot. Agency, EPA Releases Guidance on Reporting Air Emissions
of Hazardous Substances from Animal Waste at Farms (Oct. 26, 2017),
https://www.epa.gov/newsreleases/epa-releases-guidance-reporting-air-emissions-
hazardous-substancesani.

Consolidated Appropriations Act, 2018, H.R. 1625, 115th Cong. (2d Sess. 2018).

Restatement (Second) of Torts, § 821B; Milwaukee Metro. Sewerage Dist. v. City of
Milwaukee, 277 Wis.2d 635, 658 (Wis., 2005) (—MMSDI). An example of a public
nuisance might be an activity that affects public health or safety, such as the storage of
dange.

Restatement (Second) of Torts § 821D; MMSD, 277 Wis. 2d. at 657.
Wis. Stat §823.08(3)(a) (2010).
Wis. Stat §823.08(4) (2010).

Farm Foundation. RIGHT-TO-FARM LAWS: HISTORY & FUTURE.; 2012.
https://www.farmfoundation.org/news/articlefiles/129-hipp.pdf. Accessed September 8,
2016.

Hanson AC. Brewing Land Use Conflicts: Wisconsin’s Right to Farm Law. Wisconsin
Lawyer. 2002;75(12).
http://www.wisbar.org/newspublications/wisconsinlawyer/pages/article.aspx?Volume=75
&lssue=12&ArticleID=219.

Wis. Admin. Code ATCP § 51.02(1).
Wis. Admin. Code ATCP § 51.10.
Wis. Admin. Code ATCP § 51.06.
Wis. Admin. Code ATCP § 51.08(3).

Midwest Environmental Advocates. Protecting Your Community From Existing and
Proposed Concentrated Animal Feeding Operations (CAFOs) A Guide to Legal Actions.;
2013.
http://midwestadvocates.org/assets/resources/citizenguidess MEA CAFO_Toolkit.pdf.
Accessed September 8§, 2016.

Madden K. Saratoga CAFO fight continues: Attorney cites ways to block mega-dairy.
Wisconsin Rapids Daily Tribune.
https://www.wisconsinrapidstribune.com/story/news/2018/07/03/saratoga-cafo-fight-
continues-attorney-cites-ways-block-mega-dairy/752228002/. Published July 3, 2018.
Accessed March 28, 2019.

Kim, K.H., Jahan, S.A. and Kabir E. A review on human health perspective of air



121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

147

pollution with respect to allergies and asthma. Environ Int. 2013;(59):41-52.

Lobdell DT, Isakov V, Baxter L, Touma JS, Smuts MB, Ozkaynak H. Feasibility of
assessing public health impacts of air pollution reduction programs on a local scale: New
haven case study. Environ Health Perspect. 2011;119(4):487-493.
doi:10.1289/ehp.1002636.

Englert N. Fine particles and human health--a review of epidemiological studies. Toxicol
Lett. 2004;149(1-3):235-242. doi:10.1016/j.toxlet.2003.12.035.

Halken S. Prevention of allergic disease in childhood: clinical and epidemiological aspects
of primary and secondary allergy prevention. Pediatr Allergy Immunol. 2004;15 Suppl
1:4-32. doi:10.1111/j.1399-3038.2004.0148b.x.

Vuitton DA, Dalphin J-C. From Farming to Engineering: The Microbiota and Allergic
Diseases. Engineering. 2017;3(1):98-109. doi:http://doi.org/10.1016/J.ENG.2017.01.019.

Guarnieri M, Balmes J. Outdoor air pollution and asthma. Lancet. 2014.
http://www.sciencedirect.com/science/article/pii/S0140673614606176. Accessed March 5,
2015.

Delfino RJ, Staimer N, Gillen D, et al. Personal and ambient air pollution is associated
with increased exhaled nitric oxide in children with asthma. Environ Health Perspect.
2006;114(11):1736-1743. doi:10.1289/ehp.9141.

Holguin F. Traffic, Outdoor Air Pollution, and Asthma. Immunol Allergy Clin North Am.
2008;28(3):577-588.

Liu L, Poon R, Chen L, et al. Acute Effects of Air Pollution on Pulmonary Function,
Airway Inflammation, and Oxidative Stress in Asthmatic Children. Environ Health
Perspect. 2009;117(4):668-674. doi:10.1289/ehp11813.

Patel MM, Quinn JW, Jung KH, et al. Traffic density and stationary sources of air
pollution associated with wheeze, asthma, and immunoglobulin E from birth to age 5
years among New York City children. Environ Res. 2011;111(8):1222-1229.
doi:10.1016/j.envres.2011.08.004.

FJ K, JC. F. Size, source and chemical composition as determinants of toxicity attributable
to ambient particulate matter. Atmos Environ. 2012;60:504-526.

Delfino RJ, Zeiger RS, Seltzer JM, et al. The effect of outdoor fungal spore concentrations
on daily asthma severity. Environ Health Perspect. 1997;105(6):622-635.
doi:10.1289/ehp.97105622.

Ostro B, Lipsett M, Mann J, Braxton-Owens H, White M. Air pollution and exacerbation
of asthma in African-American children in Los Angeles. Epidemiology. 2001;12(2):200-
208. doi:10.1097/00001648-200103000-00012.

Gowers AM, Cullinan P, Ayres JG, et al. Does outdoor air pollution induce new cases of
asthma? Biological plausibility and evidence; A review. Respirology. 2012;17(6):887-898.
doi:10.1111/5.1440-1843.2012.02195 .x.



134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

148

Delfino R, Wu J, Tjoa T. Asthma morbidity and ambient air pollution: effect modification
by residential traffic-related air pollution. Epidemiology. 2014;25(1):48-57.
doi:1097/EDE.0000000000000016.

Brunekreef B. Self-reported truck traffic on the street of residence and symptoms of
asthma and allergic disease: a global relationship in ISAAC phase 3. Env Heal .... 2009.
http://researchonline.lshtm.ac.uk/1543/. Accessed March 5, 2015.

Brauer M, Hoek G, Vliet P Van. Air pollution from traffic and the development of
respiratory infections and asthmatic and allergic symptoms in children. Am J .... 2002.
http://www.atsjournals.org/doi/abs/10.1164/rccm.200108-0070C. Accessed March 5,
2015.

Bowatte G, Lodge CJ, Knibbs LD, et al. Traffic-related air pollution exposure is
associated with allergic sensitization, asthma, and poor lung function in middle age. J
Allergy Clin Immunol. 2016:1-9. doi:10.1016/j.jaci.2016.05.008.

Kiinzli N, Bridevaux P, Liu S. Traffic-related air pollution correlates with adult-onset
asthma among never-smokers. Thorax. 2009.
http://thorax.bmj.com/content/early/2009/04/08/thx.2008.11003 1.short. Accessed March
5,2015.

Gehring U, Wijga A, Brauer M. Traffic-related air pollution and the development of
asthma and allergies during the first 8 years of life. Am J .... 2010.
http://www.atsjournals.org/doi/abs/10.1164/rccm.200906-08580C. Accessed March 6,
2015.

Pénard-Morand C. Long-term exposure to close-proximity air pollution and asthma and
allergies in urban children. Eur .... 2010. http://erj.ersjournals.com/content/36/1/33.short.
Accessed March 5, 2015.

Strachan DP. Hay fever, hygiene, and household size. BMJ. 1989;299:1259-1260.
doi:10.1136/bm;j.299.6710.1259.

Strachan DP, Ait-Khaled N, Foliaki S, et al. Siblings, asthma, rhinoconjunctivitis and

eczema: A worldwide perspective from the International Study of Asthma and Allergies in
Childhood. Clin Exp Allergy. 2015;45(1):126-136. doi:10.1111/cea.12349.

Rosenlund H, Bergstrom A, Alm JS, et al. Allergic disease and atopic sensitization in
children in relation to measles vaccination and measles infection. Pediatrics.
2009;123:771-778. doi:10.1542/peds.2008-0013.

Radon K, Windstetter D, Eckart J, et al. Farming exposure in childhood, exposure to
markers of infections and the development of atopy in rural subjects. Clin Exp Allergy.
2004;34:1178-1183. doi:10.1111/5.1365-2222.2004.02005 ..

Matricardi PM, Rosmini F, Ferrigno L, et al. Cross sectional retrospective study of

prevalence of atopy among Italian military students with antibodies against hepatitis A
virus. BMJ. 1997;314:999-1003. doi:10.1136/bmj.314.7086.10009.

von Mutius E, Martinez FD, Fritzsch C, Nicolai T, Reitmeir P, Thiemann H-H. Skin test
reactivity and number of siblings. BMJ. 1994;308:692-695.



147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

149

doi:10.1136/bm;.308.6930.692.

Matricardi PM, Franzinelli F, Franco A, et al. Sibship size, birth order, and atopy in
11,371 Italian young men. J Allergy Clin Immunol. 1998;101:439-444.
doi:10.1016/S0091-6749(98)70350-1.

Strachan D, Sibbald B, Weiland S, et al. Worldwide variations in prevalence of symptoms
of allergic rhinoconjunctivitis in children: the International Study of Asthma and Allergies
in Childhood (ISAAC). Pediatr Allergy Immunol. 1997;8(4):161-176.
http://www.ncbi.nlm.nih.gov/pubmed/9553981. Accessed October 21, 2018.

Hammad H, Lambrecht BN. Barrier Epithelial Cells and the Control of Type 2 Immunity.
Immunity. 2015;43(1):29-40. doi:10.1016/j.immuni.2015.07.007.

Lambrecht BN, Hammad H. The immunology of the allergy epidemic and the hygiene
hypothesis. Nat Immunol. 2017;18(10):1076-1083. doi:10.1038/ni.3829.

Okada H, Kuhn C, Feillet H, Bach JF. The “hygiene hypothesis” for autoimmune and
allergic diseases: An update. Clin Exp Immunol. 2010;160(1):1-9. doi:10.1111/7.1365-
2249.2010.04139.x.

von Mutius E, Martinez FD, Fritzsch C, Nicolai T, Roell G, Thiemann HH. Prevalence of
asthma and atopy in two areas of West and East Germany. Am J Respir Crit Care Med.
1994;149(2 Pt 1):358-364. doi:10.1164/ajrccm.149.2.8306030.

Rook GAW. Hygiene Hypothesis and Autoimmune Diseases. Clin Rev Allergy Immunol.
2012;42(1):5-15. doi:10.1007/s12016-011-8285-8.

Hanski I, von Hertzen L, Fyhrquist N, et al. Environmental biodiversity, human
microbiota, and allergy are interrelated. Proc Natl Acad Sci U S A. 2012;109(21):8334-
8339. doi:10.1073/pnas.1205624109.

Arrieta M-C, Stiemsma LT, Dimitriu PA, et al. Early infancy microbial and metabolic
alterations affect risk of childhood asthma. Sci Trans! Med. 2015;7(307):307ral52-
307ral52. doi:10.1126/scitranslmed.aab2271.

Hua X, Goedert JJ, Pu A, Yu G, Shi J. Allergy associations with the adult fecal
microbiota: Analysis of the American Gut Project. EBioMedicine. 2016;3:172-179.
doi:10.1016/j.ebiom.2015.11.038.

Liu AH. Revisiting the hygiene hypothesis for allergy and asthma. J Allergy Clin
Immunol. 2015;136(4):860-865. doi:10.1016/j.jaci.2015.08.012.

Lodge CJ, Allen KJ, Lowe AJ, et al. Perinatal cat and dog exposure and the risk of asthma
and allergy in the urban environment: a systematic review of longitudinal studies. Clin
Dev Immunol. 2012;2012:176484. doi:10.1155/2012/176484.

Ownby DR, Johnson CC, Peterson EL. Exposure to Dogs and Cats in the First Year of
Life and Risk of Allergic Sensitization at 6 to 7 Years of Age. JAMA. 2002;288(8):963.
doi:10.1001/jama.288.8.963.

Fall T, Lundholm C, Ortqvist AK, et al. Early exposure to dogs and farm animals and the



161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

150

risk of childhood asthma. JAMA Pediatr. 2015;169(11):e153219.
doi:10.1001/jamapediatrics.2015.3219.

Fujimura KE, Johnson CC, Ownby DR, et al. Man’s best friend? The effect of pet
ownership on house dust microbial communities. J Allergy Clin Immunol.
2010;126(2):410-412.€3. doi:10.1016/j.jaci.2010.05.042.

Tun HM, Konya T, Takaro TK, et al. Exposure to household furry pets influences the gut
microbiota of infant at 3-4 months following various birth scenarios. Microbiome.
2017;5(1):40. doi:10.1186/s40168-017-0254-x.

Genuneit J, Biichele G, Waser M, et al. The GABRIEL Advanced Surveys: Study design,
participation and evaluation of bias. Paediatr Perinat Epidemiol. 2011;25(5):436-447.
doi:10.1111/5.1365-3016.2011.01223 x.

Alfvén T, Braun-Fahrlédnder C, Brunekreef B, von Mutius E, Riedler J, Scheynius A.
Allergic diseases and atopic sensitization in children related to farming and
anthroposophic lifestyle—the PARSIFAL study. Allergy. 2006;61(4):414-421.

Riedler J, Braun-Fahrlidnder C, Eder W, et al. Exposure to farming in early life and
development of asthma and\nallergy: a cross-sectional survey. Lancet. 2001;358:1129-
1133.

Lis DO, Mainelis G, Gérny RL. Microbial Air Contamination in Farmhouses -
Quantitative Aspects. CLEAN - Soil, Air, Water. 2008;36(7):551-555.
doi:10.1002/clen.200800003.

Ludka-Gaulke T, Ghera P, Waring SC, et al. Farm exposure in early childhood is
associated with a lower risk of severe respiratory illnesses. J Allergy Clin Immunol.
2018;141(1):454-456.e4. doi:10.1016/j.jaci.2017.07.032.

O’Connor AM, Auvermann B, Bickett-Weddle D, et al. The association between
proximity to animal feeding operations and community health: a systematic review. PLoS
ONE [Electronic Resour. 2010;5:€9530.

http://ovidsp.ovid.com/ovidweb.cgi? T=IS&CSC=Y & NEWS=N&PAGE=fulltext&D=med
1&AN=20224825%5Cnhttp://oxfordsfx.hosted.exlibrisgroup.com/oxford?sid=OVID:medl
ine&id=pmid:20224825&id=doi:10.1371%2Fjournal.pone.0009530&issn=1932-

6203 &isbn=&volume=>5&issue=3&spage=e95.

Stein MM, Hrusch CL, Gozdz J, et al. Innate Immunity and Asthma Risk in Amish and
Hutterite Farm Children. N Engl J Med. 2016;375(5):411-421.
doi:10.1056/NEJMoal508749.

Vuitton DA, Dalphin J-C, Wells AD, Poole JA, Romberger DJ. Influence of farming
exposure on the development of asthma and asthma-like symptoms. Engineering.
2014;23(1):98-109. doi:http://doi.org/10.1016/J.ENG.2017.01.019.

Depner M, Ege MJ, Cox MJ, et al. Bacterial microbiota of the upper respiratory tract and
childhood asthma. Journal of Allergy and Clinical Immunology. 2015.

Kong H, Oh J D, C CS, EA G, MA B. Temporal shifts in the skin microbiome associated
with disease flares and treatment in children with atopic dermatitis. Genome Res.



173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

151

2012;22(5):850-859.

Powers CE, McShane DB, Gilligan PH, Burkhart CN, Morrell DS. Microbiome and
pediatric atopic dermatitis. J Dermatol. 2015;42(12):1137-1142. doi:10.1111/1346-
8138.13072.

Schaeffer JW, Reynolds S, Magzamen S, et al. Size, Composition, and Source Profiles of
Inhalable Bioaerosols from Colorado Dairies. Environ Sci Technol. 2017;51(11):6430-
6440. doi:10.1021/acs.est.7b00882.

Teo SM, Mok D, Pham K, et al. The Infant Nasopharyngeal Microbiome Impacts Severity
of Lower Respiratory Infection and Risk of Asthma Development. Cell Host Microbe.
2015;17(5):704-715. doi:10.1016/j.chom.2015.03.008.

Gilchrist MJ, Greko C, Wallinga DB, Beran GW, Riley DG, Thorne PS. The Potential
Role of Concentrated Animal Feeding Operations in Infectious Disease Epidemics and
Antibiotic Resistance. Environ Health Perspect. 2007;115(2):313-316.
doi:10.1289/ehp.8837.

Li X, Atwill ER, Antaki E, et al. Fecal Indicator and Pathogenic Bacteria and Their
Antibiotic Resistance in Alluvial Groundwater of an Irrigated Agricultural Region with
Dairies. J Environ Qual. 2015;44(5):1435. doi:10.2134/jeq2015.03.0139.

Penders J, Gerhold K, Thijs C, et al. New insights into the hygiene hypothesis in allergic
diseases. Gut Microbes. 2014;5(2):239-244. doi:10.4161/gmic.27905.

Perlroth NH, Castelo Branco CW. Current knowledge of environmental exposure in
children during the sensitive developmental periods. J Pediatr (Rio J). 2017;93(1):17-27.
doi:10.1016/.jped.2016.07.002.

O’Connor GT, Lynch S V., Bloomberg GR, et al. Early-life home environment and risk of
asthma among inner-city children. J Allergy Clin Immunol. 2018;141(4):1468-1475.
doi:10.1016/j.jaci.2017.06.040.

Gough H, Grabenhenrich L, Reich A, et al. Allergic multimorbidity of asthma, rhinitis and
eczema over 20 years in the German birth cohort MAS. Pediatr Allergy Immunol.
2015;26(5):431-437. doi:10.1111/pai.12410.

Lim RH, Kobzik L, Dahl M. Risk for asthma in offspring of asthmatic mothers versus
fathers: A meta-analysis. PLoS One. 2010;5(4). doi:10.1371/journal.pone.0010134.

Coca AF, Cooke R a. On the Classification of the Phenomena of Hypersensitiveness. J
Immunol. 1923;8(3):163-182.

Portelli MA, Hodge E, Sayers 1. Genetic risk factors for the development of allergic
disease identified by genome-wide association. Clin Exp Allergy. 2015;45(1):21-31.
doi:10.1111/cea.12327.

Clarke JR, Jenkins MA, Hopper JL, et al. Evidence for genetic associations between
asthma, atopy, and bronchial hyperresponsiveness: a study of 8- to 18-yr-old twins. Am J
Respir Crit Care Med. 2000;162(6):2188-2193. doi:10.1164/ajrccm.162.6.9904057.



186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

152

Andiappan AK, Wang DY, Anantharaman R, et al. Genome-wide association study for
atopy and allergic rhinitis in a Singapore Chinese population. Cherny S, ed. PLoS One.
2011;6(5):€¢19719. doi:10.1371/journal.pone.0019719.

Ober C, Yao T-C. The genetics of asthma and allergic disease: a 21st century perspective.
Immunol Rev. 2011;242(1):10-30. doi:10.1111/5.1600-065X.2011.01029.x.

Moftatt MF, Gut IG, Demenais F, et al. A large-scale, consortium-based genomewide
association study of asthma. N Engl J Med. 2010;363(13):1211-1221.
doi:10.1056/NEJMo0a0906312.

Ramasamy A, Curjuric I, Coin LJ, et al. A genome-wide meta-analysis of genetic variants
associated with allergic rhinitis and grass sensitization and their interaction with birth
order. J Allergy Clin Immunol. 2011;128(5):996-1005. doi:10.1016/j.jaci.2011.08.030.

Sheikh SI, Pitts J, Ryan-Wenger NA, McCoy KS, Hayes D. Environmental exposures and
family history of asthma. J Asthma. 2016;53(5):465-470.
doi:10.3109/02770903.2015.1108440.

Lawson JA, Chu LM, Rennie DC, et al. Prevalence, risk factors, and clinical outcomes of
atopic and nonatopic asthma among rural children. Ann Allergy, Asthma Immunol.
2017;118(3):304-310. doi:10.1016/j.anai.2016.11.024.

Jarvis D, Burney P. ABC of Allergies: The Epidemiology of Allergic Disease. BM.J Br
Med J. 316:607-610. doi:10.2307/25178344.

Alexander ES, Martin LJ, Collins MH, et al. Twin and family studies reveal strong
environmental and weaker genetic cues explaining heritability of eosinophilic esophagitis.
J Allergy Clin Immunol. 2014;134(5):1084-1092.e1. doi:10.1016/j.jaci.2014.07.021.

Nissen SP, Kjer HF, Host A, Nielsen J, Halken S. Can family history and cord blood IgE
predict sensitization and allergic diseases up to adulthood? Pediatr Allergy Immunol.
2015;26(1):42-48. doi:10.1111/pai.12264.

Cabieses B, Uphoff E, Pinart M, Ant6 JM, Wright J. A systematic review on the
development of asthma and allergic diseases in relation to international immigration: The
leading role of the environment confirmed. PLoS One. 2014;9(8).
doi:10.1371/journal.pone.0105347.

Thompson O. Gene-Environment Interaction in the Intergenerational Transmission of
Asthma. Heal Econ (United Kingdom). 2017;26(11):1337-1352. doi:10.1002/hec.3401.

Donham KJ, Rubino M, Thedell TD, Kammermeyer J. Potential health hazards to
agricultural workers in swine confinement buildings. J Occup Med. 1977;19(6):383-387.
http://www.ncbi.nlm.nih.gov/pubmed/559729. Accessed March 30, 2019.

McClendon CJ, Gerald CL, Waterman JT. Farm animal models of organic dust exposure
and toxicity: insights and implications for respiratory health. Curr Opin Allergy Clin
Immunol. 2015;15(2):137-144. doi:10.1097/ACI.0000000000000143.

Von Essen S, Moore G, Gibbs S, Larson KL. Respiratory Issues in Beef and Pork
Production: Recommendations From an Expert Panel. J Agromedicine. 2010;15(3):216-



200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

153

225. doi:10.1080/1059924X.2010.486283.

May S, Romberger DJ, Poole JA. Respiratory health effects of large animal farming
environments. J Toxicol Environ Health B Crit Rev. 2012;15(8):524-541.
doi:10.1080/10937404.2012.744288.

Girard M, Cormier Y. Hypersensitivity pneumonitis. Curr Opin Allergy Clin Immunol.
2010;10(2):99-103. doi:10.1097/ACL.0b013e3283373bb8.

Eduard W. Do farming exposures cause or prevent asthma? Results from a study of adult
Norwegian farmers. Thorax. 2004;59(5):381-386. doi:10.1136/thx.2004.013326.

Eduard W, Pearce N, Douwes J. Chronic bronchitis, COPD, and lung function in farmers:
The role of biological agents. Chest. 2009;136(3):716-725. doi:10.1378/chest.08-2192.

Sahlander K, Larsson K, Palmberg L. Daily exposure to dust alters innate immunity. PLoS
One. 2012;7(2). doi:10.1371/journal.pone.0031646.

Poole JA, Alexis NE, Parks C, et al. Repetitive organic dust exposure in vitro impairs
macrophage differentiation and function. J Allergy Clin Immunol. 2008;122(2).
doi:10.1016/j.jaci.2008.05.023.

Poole J a, Thiele GM, Alexis NE, Burrell AM, Parks C, Romberger DJ. Organic dust
exposure alters monocyte-derived dendritic cell differentiation and maturation. Am J
Physiol Lung Cell Mol Physiol. 2009;297:L767-L776. doi:10.1152/ajplung.00107.2009.

Knetter SM, Tuggle CK, Wannemuehler MJ, Ramer-Tait AE. Organic barn dust extract
exposure impairs porcine macrophage function in vitro: Implications for respiratory
health. Vet Immunol Immunopathol. 2014;157(1-2):20-30.
doi:10.1016/j.vetimm.2013.10.019.

Reynolds SJ, Nonnenmann MW, Basinas I, et al. Systematic review of respiratory health
among dairy workers. J Agromedicine. 2013;18(3):219-243.
doi:10.1080/1059924X.2013.797374.

Eastman C, Mitchell DC, Bennett DH T, DJ, Mitloehner FM SM. Respiratory Symptoms
of California’s Dairy Workers. Paris Inst Veoilia Environ. 2010;Report No.

Jenkins PL, Earle-Richardson G, Bell EM, May JJ, Green A. Chronic disease risk in
central New York dairy farmers: results from a large health survey 1989-1999. Am J Ind
Med. 2005;47(1):20-26. doi:10.1002/ajim.20110.

Bang KM, Weissman DN, Pinheiro GA, Antao VCS, Wood JM, Syamlal G. Twenty-three
years of hypersensitivity pneumonitis mortality surveillance in the United States. Am J Ind
Med. 2006;49(12):997-1004. doi:10.1002/ajim.20405.

Six year longitudinal study of respiratory function in dairy farmers in the Doubs province.
- PubMed - NCBL
https://www.ncbi.nlm.nih.gov/pubmed/?term=Six+year-+longitudinal+study+oftrespirator
y+function+in+dairy+farmers+in+the+Doubs+province. Accessed March 30, 2019.

Dalphin JC, Bildstein F, Pernet D, Dubiez A, Depierre A. Prevalence of chronic bronchitis



214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

154

and respiratory function in a group of dairy farmers in the French Doubs province. Chest.
1989;95(6):1244-1247. http://www.ncbi.nlm.nih.gov/pubmed/2721258. Accessed March
30, 2019.

Eastman C, Schenker MB, Mitchell DC, Tancredi DJ, Bennett DH, Mitloehner FM. Acute
pulmonary function change associated with work on large dairies in California. J Occup
Environ Med. 2013;55(1):74-79. doi:10.1097/JOM.0b013e318270d6e4.

Reynolds SJ, Clark ML, Koehncke N, et al. Pulmonary function reductions among
potentially susceptible subgroups of agricultural workers in Colorado and Nebraska. J
Occup Environ Med. 2012;54(5):632-641. doi:10.1097/JOM.0b013e31824d2elc.

Burch JB, Svendsen E, Siegel PD, et al. Endotoxin Exposure and Inflammation Markers
Among Agricultural Workers in Colorado and Nebraska. J Toxicol Environ Heal Part A.
2009;73(1):5-22. doi:10.1080/15287390903248604.

Loftus C, Yost M, Sampson P, et al. Ambient Ammonia Exposures in an Agricultural
Community and Pediatric Asthma Morbidity. Epidemiology. 2015;26(6):794-801.
doi:10.1097/EDE.0000000000000368.

Mirabelli MC, Wing S, Marshall SW, Wilcosky TC. Race, poverty, and potential exposure
of middle-school students to air emissions from confined swine feeding operations.
Environ Health Perspect. 2006;114:591-596. doi:10.1289/ehp.8586.

Douglas P, Robertson S, Gay R, Hansell AL, Gant TW. A systematic review of the public
health risks of bioaerosols from intensive farming. Int J Hyg Environ Health.
2018;221(2):134-173. doi:10.1016/;.ijheh.2017.10.019.

Heederik D, Sigsgaard T, Thorne PS, et al. Health Effects of Airborne Exposures from
Concentrated Animal Feeding Operations. Environ Health Perspect. 2007;115(2):298-
302. doi:10.1289/ehp.8835.

O’Connor AM, Auvermann BW, Dzikamunhenga RS, et al. Updated systematic review:
associations between proximity to animal feeding operations and health of individuals in
nearby communities. Syst Rev. 2017;6(1):86. doi:10.1186/s13643-017-0465-z.

Borlée F, Yzermans CJ, Aalders B, et al. Air Pollution from Livestock Farms Is
Associated with Airway Obstruction in Neighboring Residents. Am J Respir Crit Care
Med. 2017;196(9):1152-1161. doi:10.1164/rccm.201701-00210C.

Wells AD, Poole JA, Romberger DJ. Influence of farming exposure on the development
of asthma and asthma-like symptoms. Int Immunopharmacol. 2014;23(1):356-363.
doi:10.1016/j.intimp.2014.07.014.

US EPA. NPDES State Program Information. (CWA) Section 402 (b) and 40 CFR Part
123. https://www.epa.gov/npdes/npdes-state-program-information. Accessed March 17,
2019.

U.S. EPA. National Ambient Air Quality Standards (NAAQS) | Criteria Air Pollutants |
US EPA. US Environmental Protection Agency. https://www.epa.gov/criteria-air-
pollutants/naaqgs-table. Published 2012. Accessed December 8, 2016.



226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

155

US EPA O. Laws and Regulations that Apply to Your Agricultural Operation by Farm
Activity. https://www.epa.gov/agriculture/laws-and-regulations-apply-your-agricultural-
operation-farm-activity. Accessed March 23, 2019.

Epa U, of Inspector General O. Eleven Years After Agreement, EPA Has Not Developed
Reliable Emission Estimation Methods to Determine Whether Animal Feeding Operations
Comply With Clean Air Act and Other Statutes OFFICE OF INSPECTOR GENERAL
Improving Air Quality.; 2017. www.epa.gov/oig. Accessed March 23, 2019.

HAZARDOUS POLLUTION FROM FACTORY FARMS: AN ANALYSIS OF EPA’S
NATIONAL AIR EMISSIONS MONITORING STUDY DATA.
http://www.environmentalintegrity.org/documents/HazardousPollutionfromFactoryFarms.
pdf. Accessed March 23, 2019.

Hristov a. N, Hanigan M, Cole a., et al. Review: Ammonia emissions from dairy farms
and beef feedlots . Can J Anim Sci. 2011;91:1-35. doi:10.4141/CJAS10034.

Gay SW, Schmidt DR, Clanton CJ, Janni K a., Jacobson LD, Weisberg S. Odor, total
reduced sulfur, and ammonia emissions from animal housing facilities and manure storage
units in minnesota. Appl Eng Agric. 2003;19(303):347-360. doi:10.13031/2013.13663.

Pavilonis BT, Sanderson WT, Merchant JA. Relative exposure to swine animal feeding
operations and childhood asthma prevalence in an agricultural cohort. Environ Res.
2013;122:74-80. doi:10.1016/j.envres.2012.12.008.

Sigurdarson ST, Kline JN. School proximity to concentrated animal feeding operations
and prevalence of asthma in students. Chest. 2006;129:1486-1491.
doi:10.1378/chest.129.6.1486.

USDA. National Agricultural Statistics Service - Statistics by Subject. Animals and
products by state: 2012 Census.
https://www.nass.usda.gov/Statistics by Subject/index.php?sector=ANIMALS &
PRODUCTS. Published 2012. Accessed March 26, 2019.

Food & Water Watch. Factory Farm Map. https://www.factoryfarmmap.org/. Published
2012. Accessed March 26, 2019.

Syamlal G, Hendricks K, Mazurek JM. Asthma among Household Youth on Racial
Minority Operated Farms—United States, 2008. J Agromedicine. 2018;23(2):144-153.
doi:10.1080/1059924X.2017.1422837.

Koski C. Examining state environmental regulatory policy design. J Environ Plan Manag.
2007;50(4):483-502. doi:10.1080/09640560701402000.

Lee Bergquist. Massive dairy farms and locals debate: Can manure from so many cattle be
safely spread on the land? Milwaukee Journal Sentinel. April 2017.

Mayer M and Kammel David. Dairy Modernization Works for Family Farms. J Ext Shar
Knowledge, Enrich Ext. 2010;48(5).

Egan D. Dead zones haunt Green Bay as manure fuels algae blooms. Milwaukee Journal
Sentinel. http://archive.jsonline.com/news/wisconsin/dead-zones-haunt-green-bay-as-



240.

241.

242.

243.
244,

245.

246.

247.

248.

249.

250.

251.

252.

156

manure-fuels-algae-blooms-die-0ffs-b99344902z1-274684741.html. Published September
13,2014.

Rodewald A. Manure spills putting water supply at risk. Green Bay Press-Gazette.
http://www.greenbaypressgazette.com/story/news/investigations/2015/02/06/manure-
spills-water-supply/22983669/. Published February 6, 2015.

Livestock Facility Siting and Expansion.
https://docs.legis.wisconsin.gov/statutes/statutes/93/90.

Schultz AA, Jacobs HM. Confined animal feeding operations and state-based right to farm
laws: Managing twenty-first century agriculture with a twentieth century framework in the
case of Wisconsin, United States. J SOIL WATER Conserv. 72(6).
doi:10.2489/jswc.72.6.133A.

WISC. STAT. § 823.08.

Rogers S, Haines J. Detecting and Mitigating the Environmental Impact of Fecal
Pathogens Originating from Confined Animal Feeding Operations.; 2005.
http://sec.nv.gov/appeal docs/smith_valley/exhibits/Exh 5 USEPA Detecting sand
Mitigating.pdf. Accessed January 11, 2019.

USDA. Milk Production. National Agricultural Statistics Service.
https://www.nass.usda.gov/Statistics_by Subject/result.php?CB62A7B2-20A8-3642-
A998-2474A8C13419&sector=ANIMALS %26

PRODUCTS &group=DAIRY &comm=MILK. Published 2017.

Nieto F, Peppard P. The Survey of the Health of Wisconsin (SHOW), a novel
infrastructure for population health research: rationale and methods. BMC public Heal
Heal. 2010;10(1):1. doi:10.1186/1471-2458-10-785.

U.S. Census Bureau. 2010 Census Urban and Rural Classification and Urban Area
Criteria. Last revised February 09, 2015. https://www.census.gov/geo/reference/ua/urban-
rural-2010.html. Published 2015. Accessed January 31, 2019.

Richter, K., Kanniess, F., Mark, B., Jorres, R.A. and Magnussen H. Assessment of
accuracy and applicability of a new electronic peak flow meter and asthma monitor. Eur
Respir J. 1998;2(12):457-462.

Hankinson JL, Odencrantz JR, Fedan KB. Spirometric reference values from a sample of
the general U.S. Population. Am J Respir Crit Care Med. 1999;159(1):179-187.
doi:10.1164/ajrccm.159.1.9712108.

Craig CL, Marshall AL, Sjostrom M, et al. International physical activity questionnaire:
12-Country reliability and validity. Med Sci Sports Exerc. 2003;35:1381-1395.
doi:10.1249/01.MSS.0000078924.61453.FB.

Schultz AA, Schauer JJ, Malecki KM. Allergic disease associations with regional and
localized estimates of air pollution. Environ Res. 2017. doi:10.1016/j.envres.2017.01.039.

Williams DL, Breysse PN, McCormack MC, Diette GB, McKenzie S, Geyh AS. Airborne
cow allergen, ammonia and particulate matter at homes vary with distance to industrial



253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

157

scale dairy operations: an exposure assessment. Environ Heal a Glob access Sci source.
2011;10:72. doi:10.1186/1476-069X-10-72.

Akinbami LJ, Moorman JE, Bailey C, et al. Trends in asthma prevalence, health care use,
and mortality in the United States, 2001-2010. NCHS Data Brief. 2012;(94):1-8.
http://www.ncbi.nlm.nih.gov/pubmed/22617340. Accessed March 17, 2019.

Hsu J, Qin X, Beavers SF, Mirabelli MC. Asthma-Related School Absenteeism,
Morbidity, and Modifiable Factors. Am J Prev Med. 2016;51(1):23-32.
doi:10.1016/j.amepre.2015.12.012.

Beasley R, Semprini A, Mitchell EA. Risk factors for asthma: is prevention possible?
Lancet. 2015;386(9998):1075-1085. doi:10.1016/S0140-6736(15)00156-7.

Mims JW. Asthma: definitions and pathophysiology. Int Forum Allergy Rhinol.
2015;5(S1):S2-S6. doi:10.1002/alr.21609.

Pronczuk-Garbino J, Health W, Organization ’ \ ~. Children’s Health and the
Environment GLOBAL PERSPECTIV.; 2005.
https://apps.who.int/iris/bitstream/handle/10665/43162/9241562927 eng.pdf;jsessionid=6
E222962D407C561472BAB72C547E111?sequence=1. Accessed March 17, 2019.

Pinkerton KE, Joad JP. The mammalian respiratory system and critical windows of
exposure for children’s health. Environ Health Perspect. 2000;108(suppl 3):457-462.
doi:10.1289/ehp.00108s3457.

Milligan KL, Matsui E, Sharma H. Asthma in Urban Children: Epidemiology,
Environmental Risk Factors, and the Public Health Domain. Curr Allergy Asthma Rep.
2016;16(4):33. doi:10.1007/s11882-016-0609-6.

Cambra-Lopez M, Aarnink AJA, Zhao Y, Calvet S, Torres AG. Airborne particulate
matter from livestock production systems: A review of an air pollution problem. Environ
Pollut. 2010;158(1):1-17. doi:10.1016/J. ENVPOL.2009.07.011.

Brunner WM, Lindgren PG, Langner DM, Williams AN, Yawn BP. Asthma Among Rural
Minnesota Adolescents. J Asthma. 2005;42(9):787-792.
doi:10.1080/02770900500308460.

Genuneit J. Exposure to farming environments in childhood and asthma and wheeze in
rural populations: a systematic review with meta-analysis. Pediatr Allergy Immunol.

2012;23(6):509-518. do1:10.1111/5.1399-3038.2012.01312.x.

Balakrishnan L, Rennie D, Dosman J, et al. Lung function in relation to farm dwelling and
farming activities in rural dwelling children. Respirology. 2017;22(7):1320-1328.
doi:10.1111/resp.13097.

I11i S, Depner M, Genuneit J, et al. Protection from childhood asthma and allergy in
Alpine farm environments - The GABRIEL Advanced Studies. J Allergy Clin Immunol.
2012;129(6):1470-1477. doi:10.1016/j.jaci.2012.03.013.

Frei R, Ferstl R, Roduit C, et al. Exposure to nonmicrobial N-glycolylneuraminic acid
protects farmers’ children against airway inflammation and colitis. J Allergy Clin



266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

158

Immunol. 2018;141(1):382-390.e7. doi:10.1016/j.jaci.2017.04.051.

Gelberg KH, Church L, Casey G, et al. Nitrate levels in drinking water in rural New York
State. Environ Res. 1999;80(1):34-40. doi:10.1006/enrs.1998.3881.

Fedele DA, Barnett TE, Everhart RS, Lawless C, Forrest JR. Comparison of asthma
prevalence and morbidity among rural and nonrural youth. Ann Allergy, Asthma Immunol.
2016;117(2):193-194.e1. doi:10.1016/J.ANAL.2016.05.019.

Ownby DR, Tingen MS, Havstad S, Waller JL, Johnson CC, Joseph CLM. Comparison of
asthma prevalence among African American teenage youth attending public high schools
in rural Georgia and urban Detroit. J Allergy Clin Immunol. 2015;136(3):595-600.¢3.
doi:10.1016/J.JACL.2015.02.007.

Valet RS, Gebretsadik T, Carroll KN, et al. High asthma prevalence and increased
morbidity among rural children in a Medicaid cohort. Ann Allergy, Asthma Immunol.
2011;106(6):467-473. doi:10.1016/J. ANAIL.2011.02.013.

Estrada RD, Ownby DR. Rural Asthma: Current Understanding of Prevalence, Patterns,
and Interventions for Children and Adolescents. Curr Allergy Asthma Rep. 2017;17(6):37.
doi:10.1007/s11882-017-0704-3.

Karvonen AM, Hyvirinen A, Gehring U, et al. Exposure to microbial agents in house dust
and wheezing, atopic dermatitis and atopic sensitization in early childhood: a birth cohort
study in rural areas. Clin Exp Allergy. 2012;42(8):1246-1256. doi:10.1111/5.1365-
2222.2012.04002.x.

Normand A-C, Sudre B, Vacheyrou M, et al. Airborne cultivable microflora and microbial
transfer in farm buildings and rural dwellings. Occup Environ Med. 2011;68(11):849-855.
doi:10.1136/0em.2010.061879.

Lawson JA, Dosman JA, Rennie DC, et al. Endotoxin as a determinant of asthma and
wheeze among rural dwelling children and adolescents: A case—control study. BMC Pulm
Med. 2012;12(1):56. doi:10.1186/1471-2466-12-56.

Michel S, Busato F, Genuneit J, et al. Farm exposure and time trends in early childhood
may influence DNA methylation in genes related to asthma and allergy. Allergy.
2013;68(3):355-364. doi:10.1111/al1.12097.

Strachan DP. Hay fever, hygiene, and household size. BMJ. 1989;299:1259-1260.
doi:10.1136/bm;j.299.6710.1259.

Sudre B, Vacheyrou M, Braun-Fahrldnder C, et al. High levels of grass pollen inside
European dairy farms: A role for the allergy-protective effects of environment? Allergy
Eur J Allergy Clin Immunol. 2009;64(7):1068-1073. doi:10.1111/j.1398-
9995.2009.01958 .

Alfven T, Braun-Fahrlander C, Brunekreef B, et al. Allergic diseases and atopic
sensitization in children related to farming and anthroposophic lifestyle - the PARSIFAL
study. Allergy. 2006;61(4):414-421. doi:10.1111/5.1398-9995.2005.00939.x.

North Carolina Department of Environmental Quality. NC DEQ: AFO Program Summary.



279.

280.

281.

282.

283.

284.

285.

286.

287.

288.

2809.

290.

159

https://deq.nc.gov/about/divisions/water-resources/water-resources-permits/wastewater-
branch/animal-feeding-operation-permits/afo-program-summary. Accessed March 17,
2019.

Washington State Open Data. WADairies2018 | Washington State Geospatial Open Data
Portal. http://geo.wa.gov/datasets/eed7601044be4d69811024947fe61cc7 1. Accessed
March 17, 2019.

U.S. Census Bureau. 2014 TIGER/Line Shapefiles Technical Documentation.
https://www2.census.gov/geo/pdfs/maps-
data/data/tiger/tgrshp2014/TGRSHP2014 TechDoc.pdf. Published 2014. Accessed March
26, 2016.

U.S. EPA. Toxic Release Inventory (TRI) Program. TRI Basic Data Files: Calendar Years
1987-2014. https://www.epa.gov/toxics-release-inventory-tri-program/tri-basic-data-files-
calendar-years-1987-2014. Published 2008. Accessed February 5, 2015.

Centers for Disease Control. Defining Childhood Obesity | Overweight & Obesity.
https://www.cdc.gov/obesity/childhood/defining.html. Published 2018. Accessed February
9,2019.

Department of Health & Human Services U. Physical Activity Guidelines for Americans 2
Nd Edition. Washington, DC: US; 2018. https://health.gov/paguidelines/second-
edition/pdf/Physical Activity Guidelines 2nd_edition.pdf. Accessed February 9, 2019.

American Heart Association. Dietary Recommendations for Healthy Children | American
Heart Association. https://www.heart.org/en/healthy-living/healthy-eating/eat-
smart/nutrition-basics/dietary-recommendations-for-healthy-children. Published 2018.
Accessed February 9, 2019.

Zhou Y, Levy J. Factors influencing the spatial extent of mobile source air pollution
impacts: a meta-analysis. BMC Public Health. 2007.
http://www.biomedcentral.com/qc/1471-2458/7/89. Accessed March 6, 2015.

Maantay J. Asthma and air pollution in the Bronx: methodological and data considerations
in using GIS for environmental justice and health research. Health Place. 2007;13(1):32-
56. doi:10.1016/j.healthplace.2005.09.009.

Douwes J, Travier N, Huang K, et al. Lifelong farm exposure may strongly reduce the risk
of asthma in adults. Allergy Eur J Allergy Clin Immunol. 2007;62:1158-1165.
doi:10.1111/5.1398-9995.2007.01490.x.

Poole JA. Farming-associated environmental exposures and effect on atopic diseases. Ann
Allergy, Asthma Immunol. 2012;109(2):93-98. doi:10.1016/j.anai.2011.12.014.

Haspeslagh E, Heyndrickx I, Hammad H, Lambrecht BN. The hygiene hypothesis:
immunological mechanisms of airway tolerance. Curr Opin Immunol. 2018;54:102-108.
doi:10.1016/§.c01.2018.06.007.

Depner M, Ege MJ, Cox MJ, et al. Bacterial microbiota of the upper respiratory tract and
childhood asthma. J Allergy Clin Immunol. 2017;139(3):826-834.¢13.
doi:10.1016/J.JACI.2016.05.050.



291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

301.

302.

303.

304.

160

Twardziok M, Schroder PC, Krusche J, et al. Asthmatic farm children show increased
CD3+CD8lowT-cells compared to non-asthmatic farm children. Clin Immunol.
2017;183:285-292. d0i:10.1016/j.clim.2017.09.009.

Rotz CA, Montes F, Hafner SD, Heber AJ, Grant RH. Ammonia emission model for
whole farm evaluation of dairy production systems. J Environ Qual. 2014;43:1143-1158.
doi:10.2134/jeq2013.04.0121.

Predicala BZ, Urban JE, Maghirang RG, Jerez SB, Goodband RD. Assessment of
bioaerosols in swine barns by filtration and impaction. Curr Microbiol. 2002;44(2):136-
140. doi:10.1007/s00284-001-0064-y.

Weyer PJ, Cerhan JR, Kross BC, et al. Municipal drinking water nitrate level and cancer
risk in older women: the lowa Women’s Health Study. Epidemiology. 2001;12(3):327-
338.

Chrischilles E, Ahrens R, Kuehl A, et al. Asthma prevalence and morbidity among rural
Iowa schoolchildren¥r. J Allergy Clin Immunol. 2004;113(1):66-71.
doi:10.1016/j.jaci.2003.09.037.

Wells AD, Poole JA, Romberger DJ. Influence of farming exposure on the development
of asthma and asthma-like symptoms. Int Immunopharmacol. 2014;23(1):356-363.
doi:10.1016/j.intimp.2014.07.014.

Thorne PS, Ansley A, Perry SS. Concentrations of bioaerosols, odors and hydrogen
sulfide inside and downwind from two types of swine livestock operations. J Occup
Environ Hyg. 2009;6(4):211-220.

Q.-F. Li Q-F, L. Wang-Li L, J. T. Walker JT, S. B. Shah SB, P. Bloomfield P, R. K. M.
Jayanty RKM. Particulate Matter in the Vicinity of an Egg Production Facility:

Concentrations, Statistical Distributions, and Upwind and Downwind Comparison. 7rans
ASABE. 2012;55(5):1965-1973. doi:10.13031/2013.42359.

Zhu Y, Kuhn T, Mayo P, Hinds WC. Comparison of daytime and nighttime concentration
profiles and size distributions of ultrafine particles near a major highway. Environ Sci
Technol. 2006;40(8):2531-2536. doi:10.1021/es0516514.

Dungan RS, Leytem AB. Ambient Endotoxin Concentrations and Assessment of Offsite
Transport at Open-Lot and Open-Freestall Dairies. J Environ Qual. 2011;40:462.
doi:10.2134/jeq2010.0363.

Clean Water Act. Cornell University Law School. National pollutant discharge elimination
system | US Law | LI / Legal Information Institute; 2012.
https://www.law.cornell.edu/uscode/text/33/1342.

Wisconsin Legislature: PI 8.01(2)(f).
http://docs.legis.wisconsin.gov/code/admin_code/pi/8/01/2/f. Accessed February 10, 2019.

Nicole W. CAFOs and Environmental Justice: The Case of North Carolina. Environ
Health Perspect. 2013;121(6). doi:10.1289/ehp.121-a182.

Lowman A, McDonald MA, Wing S, Muhammad N. Land Application of Treated Sewage



305.

306.

307.
308.
309.
310.

311.

312.

313.

314.

315.

316.

317.

318.

319.

161

Sludge: Community Health and Environmental Justice. Environ Health Perspect.
2013;121(5):537-542. doi:10.1289/ehp.1205470.

DATCP Home Wisconsin Agricultural Statistics.
https://datcp.wi.gov/Pages/Publications/WIAgStatistics.aspx. Accessed April 9, 2019.

Wunschel J, Poole JA. Occupational agriculture organic dust exposure and its relationship
to asthma and airway inflammation in adults. J Asthma. 2016;53(5):471-477.
doi:10.3109/02770903.2015.1116089.

Actions against Agricultural Uses. Wisconsin State Legislature
\. Wisconsin State Legislature
Actions against Agricultural Uses. Wisconsin State Legislature

Wilson SM, Serre ML. Examination of atmospheric ammonia levels near hog CAFOs,
homes, and schools in Eastern North Carolina. Atmos Environ. 2007;41(23):4977-4987.
doi:10.1016/j.atmosenv.2006.12.055.

May S, Romberger DJ, Poole JA. Respiratory health effects of large animal farming
environments. J Toxicol Environ Health B Crit Rev. 2012;15(8):524-541.
doi:10.1080/10937404.2012.744288.

Villeneuve PJ, Ali A, Challacombe L, Hebert S. Intensive hog farming operations and
self-reported health among nearby rural residents in Ottawa, Canada. BMC Public Health.
2009;9(1):330. doi:10.1186/1471-2458-9-330.

Schuijs MJ, Willart MA, Vergote K, et al. Farm dust and endotoxin protect against allergy
through A20 induction in lung epithelial cells. Science (80- ). 2015;349(6252):1106-1110.
doi:10.1126/science.aac6623.

Ludka-Gaulke T, Ghera P, Waring SC, et al. Farm exposure in early childhood is
associated with a lower risk of severe respiratory illnesses. J Allergy Clin Immunol.
2018;141(1):454-456.e4. doi:10.1016/j.jaci.2017.07.032.

Hadlocon LS, Zhao LY, Bohrer G, et al. Modeling of particulate matter dispersion from a
poultry facility using AERMOD. J Air Waste Manage Assoc. 2015;65(2):206-217.
doi:10.1080/10962247.2014.986306.

Moreira D et al. Simulation of Pollutant Dispersion in the Atmosphere by the Laplace
Transform: The ADMM Approach. Water Air Soil Pollut. 2006;177(1):411-439.

Dungan RS, Leytem AB. Airborne endotoxin concentrations at a large open-lot dairy in
southern idaho. J Env Qual. 2009;38:1919-1923. doi:10.2134/jeq2008.0504.

Kaufman JD, Curl CL. Environmental Health Sciences in a Translational Research
Framework: More than Benches and Bedsides. Environ Health Perspect.
2019;127(4):45001. doi:10.1289/EHP4067.

CAMERON D, JONES IG. John Snow, the Broad Street Pump and Modern
Epidemiology. Int J Epidemiol. 1983;12(4):393-396. doi:10.1093/ije/12.4.393.



320.

321.

322.

323.

324.

325.

162

MEREWETHER ERA. The Occurrence of Pulmonary Fibrosis and other Pulmonary
Affections in Asbestos Workers. J Ind Hyg. 1930;12:198-57.
https://www.cabdirect.org/cabdirect/abstract/19312700347. Accessed April 14, 2019.

Rubin D, Leventhal J, Krasilnikoff P, Weile B, Berget A. EFFECT OF PASSIVE
SMOKING ON BIRTH-WEIGHT. Lancet. 1986;328(8504):415-417. doi:10.1016/S0140-
6736(86)92132-X.

MARTIN TR, BRACKEN MB. ASSOCIATION OF LOW BIRTH WEIGHT WITH
PASSIVE SMOKE EXPOSURE IN PREGNANCY 1. Am J Epidemiol. 1986;124(4):633-
642. doi:10.1093/oxfordjournals.aje.al 14436.

Laskin D. The Great London Smog. Weatherwise. 2006;59(6):42-45.
doi:10.3200/WEWI.59.6.42-45.

BeMiller H. Shawano County CAFO plan to add 1,100 cows raises concerns about runoff.
Wausau Daily Herald. www.wausaudailyherald.com/story/news/2018/07/31/matsche-
farms-aims-add-1-100-cows-calves-water-quality-concerns-cafo-waste-embarass-river-
runoft/868086002/. Published July 31, 2018.

Golden K. Disputed expansion of dairy watched for statewide impact |
WisconsinWatch.org. Wisconsin Center for Investigative Journalism.
http://wisconsinwatch.org/2014/02/disputed-expansion-of-dairy-watched-for-statewide-
impact/. Published February 8, 2014. Accessed March 30, 2016.



Appendices

Appendix A: Tables

163

Table Al. Regulatory Definitions of Large CAFOs, Medium CAFOs, and Small CAFOs

Animal Sector

Size Thresholds (number of animals)

Large CAFOs Medium CAFOs! Small CAFOs?
cattle or cow/calf pairs 1,000 or more 300 - 999 less than 300
mature dairy cattle 700 or more 200 - 699 less than 200
veal calves 1,000 or more 300 - 999 less than 300
swine (weighing over 55 pounds) 2,500 or more 750 - 2,499 less than 750
;‘(’;"EZE;”&ighi“g less than 35 10.000 or more 3.000 - 9,999 less than 3,000
horses 500 or more 150 - 499 less than 150
sheep or lambs 10,000 or more 3.000 - 9,999 less than 3,000

systems)

turkeys 55,000 or more 16,500 - 54,999 less than 16,500
laying hens or broilers (liquid 30,000 or more 9.000 - 29,999 less than 9,000
manure handling systems)

chickens other than laying hens

(other than a liquid manure handling 125,000 or more 37.500 - 124,999 less than 37,500

laying hens (other than a liquid
manure handling systems)

82.000 or more

25,000 - 81,999

less than 25,000

ducks (other than a liquid manure
handling systems)

30,000 or more

10,000 - 29,999

less than 10,000

ducks (liquid manure handling
systems)

5,000 or more

1,500 - 4.999

less than 1,500

Data: Environmental Protection Agency

https://www3.epa.gov/npdes/pubs/sector table.pdf

" Must also meet one of two “method of discharge” criteria to be defined as a CAFO or must be

designated.

2 Never a CAFO by regulatory definition, but may be designated as a CAFO on a case-by-case basis.
3 Liquid manure handling system

4 Other than a liquid manure handling system


https://www3.epa.gov/npdes/pubs/sector_table.pdf

Table A2. United States Census Roadway Type Definitions
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Primary Roadways:

Primary roads are limited-access
highways that connect to other
roads only at interchanges and
not at at-grade intersections.
This category includes Interstate
highways, as well as all other
highways with limited access
(some of which are toll roads).
Limited-access highways with
only one lane in each direction,
as well as those that are
undivided.

Secondary Roadways:

Secondary roads are main
arteries that are not limited
access, usually in the U.S.
highway, state highway, or
county highway systems. These
roads have one or more lanes of
traffic in each direction, may or
may not be divided, and usually
have at-grade intersections with
many other roads and
driveways. They often have both
a local name and a route
number.

Local Neighborhood Road,
Rural Road, City Street
Road/Path:

Generally, a paved non-
arterial street, road, or byway
that usually has a single lane of
traffic in each direction. Roads in
this feature class may be
privately or publicly maintained.
Scenic park roads would be
included in this feature class, as
would some unpaved roads.

https://www.census.gov/geo/reference/rttyp.html

https://www?2.census.gov/geo/pdfs/reference/mtfccs2018.pdf
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Appendix A: Figures

State and County Emission Summaries

State Summary

The graph below shows state-level emissions grouped by major source sectors. The samsd

Multipolliutant Emissions Comparison by Source Sector
in Wisconsin in 2014
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Figure Al. Wisconsin State Emissions Comparison by Source Sector in 2014
Source: https://www.epa.gov/air-emissions-inventories/air-emissions-sources
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In 2017, Wisconsin produced 170% more milk with 35% fewer cows than in 1930, due

to much higher milk production per cow

LBS. PER COW = Milk Production Per Cow = Number of Cows THOUSAND COWS
23,725
1,973
1,278
5,680

paRY FARME

WISCONSIN

Figure A2. Wisconsin milk production and number of cows: 1930-2017
Source: USDA/NASS, Milk Production & Dairy Farmers of Wisconsin’’

;x_ % The evolution in dairying in Wisconsin over 87 years has resulted in fewer farms
4 7 | producing more milk
o[l e=Dairy Farms  ====Milk Production
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Figure A3. Wisconsin Dairy farms and milk production: 1930-2017
Source: USDA/NASS, Milk Production & Dairy Farmers of Wisconsin’’
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Figure A4. Diagram depicting the hypothetical network of how air pollution exposure is related to

asthma from Gowers et al., 2012'33
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(black = Caucasian, italics = nearly achieved GWAS significance, blue = non-Caucasian, red = many

different populations). Diagram is from Portelli et al. 2015 34
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Figure A6. Relative density of CAFOs (all animal types) with NPDES permits depicted at
the county level (Dark red = most dense; light yellow = least dense or none
Source: Food and Water Watch?3*

Figure A7. Relative density of Dairy CAFOs with NPDES permits depicted at the county
level (Dark red = most dense; light yellow = least dense or none)
Source: Food and Water Watch?3*
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Table B1.
Odds Ratio (OR) of current allergies and asthma by residential distance to the nearest CAFO

Residential Distance
Compared

Current Allergies
SHOW 2008-2016

Unadjusted OR

(95%CI)

Adjusted OR?

(95%CI)

Current Allergies
SHOW 2008-2013

Unadjusted OR

(95%CI)

Adjusted OR?

(95%CI)

Current allergies & asthma
SHOW 2008-2013

Unadjusted OR

(95%CI)

Adjusted OR?
(95%CI)

1 mile (1.6 km) vs:

2 miles (3.4 km)
3 miles (4.8 km)
4 miles (6.4 km)
5 miles (8.0 km)
6 miles (9.7 km)

1.5 miles (2.4 km) vs:

2 miles (3.4 km)
3 miles (4.8 km)
4 miles (6.4 km)
5 miles (8.0 km)
6 miles (9.7 km)

2 miles (3.4 km) vs:

3 miles (4.8 km)
4 miles (6.4 km)
5 miles (8.0 km)
6 miles (9.7 km)

2.5 miles (4.0 km) vs:

3 miles (4.8 km)
4 miles (6.4 km)
5 miles (8.0 km)
6 miles (9.7 km)

3 miles (4.8 km) vs:

4 miles (6.4 km)
5 miles (8.0 km)
6 miles (9.7 km)

1.29 (0.93, 1.78)
1.5 (0.95, 2.54)
1.73 (1.02, 2.93)
1.81 (1.10, 2.99)
1.81 (1.13,2.89)

1.13(0.97, 1.31)
1.36 (0.99, 1.86)
1.51 (1.06,2.17)
1.59 (1.11,2.27)
1.58 (1.10, 2.28)

1.20 (1.01, 1.43)
1.34 (1.07, 1.69)
141 (1.08, 1.84)
1,40 (1.02, 1.93)

1.09 (1.01, 1.16)
1.21 (1.05, 1.40)
1.27 (1.01, 1.59)
1.27(0.93, 1.73)

1.25 (1.01, 1.54)
1.24 (0.96, 1.60)
1.12 (0.81, 1.55)

1.52 (1.06, 2.19)
2.01 (1.19, 3.4)
2.29 (1.35, 3.89)
2.36(1.42,3.92)
2.3 (1.37,3.87)

1.22 (1.04, 1.43)
1.61 (1.16,2.23)
1.83 (1.28,2.63)
1.89 (1.26, 2.84)
1.84 (1.13, 3.00)

132 (1.11, 1.57)
1.50 (1.17, 1.93)
1.55 (1.06, 2.26)
1.51 (0.9, 2.52)

1.12 (1.05, 1.21)
1.28 (1.06, 1.56)
1.32(0.91, 1.91)
1.29 (0.76, 2.19)

1.16 (1.02, 1.33)
1.18 (0.85, 1.66)
1.13 (0.66, 1.92)

1.25 (0.84, 1.86)
1.51 (0.82, 2.76)
1.73 (0.91, 3.3)
1.90 (1.03, 3.49)
1.97 (1.12, 3.49)

1.11 (0.93, 1.34)
1.34(0.91, 1.98)
1.54 (0.99, 2.40)
1.69 (1.09, 2.61)
1.76 (1.13, 2.73)

1.21 (0.97, 1.49)
1.39 (1.05, 1.84)
1.52 (1.10, 2.10)
1.58 (1.07, 2.32)

1.09 (1.00, 1.19)
1.26 (1.05, 1.5)
1.37(1.05, 1.8)
1.43 (0.98, 2.08)

1.09 (0.85, 1.40)
1.18 (0.87, 1.61)
1.24 (0.83, 1.85)

1.55 (1.00, 2.40)
2.08 (1.12, 3.87)
2.43(1.34, 4.41)
2.55(1.49, 4.36)
2.53(1.48,4.31)

1.23 (1.01, 1.49)
1.65 (1.13, 2.42)
1.92 (1.30, 2.85)
2.02(1.33,3.08)
2.00 (1.20, 3.36)

1.35 (111, 1.63)
1.57 (1.21, 2.04)
1.65 (1.10, 2.47)
1.63 (0.92, 2.88)

1.14 (1.05, 1.22)
1.32(1.08, 1.63)
1.39(0.92, 2.11)
1.38(0.75, 2.54)

1.19 (1.03, 1.37)
1.24 (0.84, 1.84)
1.21 (0.64, 2.28)

1.26 (0.85, 1.88)
1.55 (0.85, 2.83)
1.82 (0.96, 3.45)
2.03(1.11,3.72)
2.15(1.22,3.78)

1.12 (0.94, 1.34)
1.37(0.93, 2.02)
1.61 (1.04, 2.50)
1.8 (1.17, 2.77)
1.9 (1.23, 2.95)

1.23 (0.9, 1.51)
1.44 (1.09, 1.9)
1.61 (1.17,2.21)
1.70 (1.16, 2.49)

1.10 (1.01, 1.20)
1.29 (1.08, 1.54)
1.44 (1.10, 1.89)
1.53 (1.05, 2.22)

1.11 (0.72, 1.70)
1.48 (0.82, 2.69)
1.94 (0.82, 4.61)

1.52(1.02, 2.27)
2.06 (1.16, 3.66)
2.46 (1.38, 4.36)
2.67(1.57,4.53)
2.72(1.61, 4.61)

1.22 (1.02, 1.46)
1.65 (1.15, 2.36)
1.97 (1.34, 2.89)
2.14(1.42,3.22)
2.18(1.34, 3.54)

1.35(1.12, 1.63)
1.61 (1.25, 2.08)
175 (1.21, 2.54)
1.79 (1.07, 2.98)

1.14 (1.06, 1.23)
1.36 (1.13, 1.65)
1.48 (1.02, 2.14)
1.51 (0.88, 2.59)

1.51 (1.17, 1.94)
274 (1.43,5.23)
4.43 (155, 12.65)

CAFO: concentrated animal feeding operation; km: kilometers; OR: odds ratio; CI: confidence interval
®Adjusted for gender, age, body mass index, smoking status, education, income, pet ownership

TLT



Table B2.

Odds Ratio (OR) of allergy type by residential distance to the nearest CAFO

Nasal Allergies Lung Allergies Eye Allergies Dermal Allegies
Residential Distance | Unadjusted OR  Adjusted OR? | Unadjusted OR  Adjusted OR" Unadjusted OR Adjusted OR Unadjusted OR Adjusted OR
Compared (95%CI) (95%CI) (95%CI) (95%CI) (95%CI) (95%CI) (95%CI) (95%CI)

1 mile (1.6 km) vs:
2 miles (3.4 km)
3 miles (4.8 km)
4 miles (6.4 km)
5 miles (8.0 km)
6 miles (9.7 km)
1.5 miles (2.4 km) vs:
2 miles (3.4 km)
3 miles (4.8 km)
4 miles (6.4 km)
5 miles (8.0 km)
6 miles (9.7 km)
2 miles (3.4 km) vs:
3 miles (4.8 km)
4 miles (6.4 km)
5 miles (8.0 km)
6 miles (9.7 km)
2.5 miles (4.0 km) vs:
3 miles (4.8 km)
4 miles (6.4 km)
5 miles (8.0 km)
6 miles (9.7 km)
3 miles (4.8 km) vs:
4 miles (6.4 km)
5 miles (8.0 km)
6 miles (9.7 km)

1.17 (0.78, 1.76)
1.37 (0.74, 2.54)
1.6 (0.83,3.09)
1.82(0.98, 3.39)
1.98 (1.11, 3.54)

1.08 (0.90, 1.3)
1.27 (0.86, 1.89)
1.48 (0.95, 2.32)
1.69 (1.08, 2.63)
1.83(1.17, 2.87)

1.18 (0.95, 1.46)
1.37(1.03, 1.83)
1.56 (1.12, 2.17)
1.69 (1.14, 2.51)

1.08 (1.00, 1.18)
1.27 (1.06, 1.52)
1.44 (1.09, 1.90)
1.56 (1.06, 2.30)

0.96 (0.75, 1.23)
1.09 (0.80, 1.49)
1.29 (0.85, 1.95)

1.37 (0.85, 2.23)
1.78 (0.90, 3.53)
2.15(1.12, 4.15)
2.45 (1.40, 4.29)
2.63 (1.55, 4.44)

1.17 (0.94, 1.44)
1.51(0.99, 2.30)
1.83(1.21, 2.78)
2.08 (1.38,3.14)
2.23(1.36, 3.66)

1.3 (1.05, 1.60)
1.57 (1.21, 2.04)
1.79 (1.21, 2.63)
1.92 (1.1,3.34)

1.13 (1.04, 1.22)
1.37(1.12, 1.67)
1.56 (1.04, 2.34)
1.67 (0.9, 3.08)

1.22 (1.07, 1.40)
1.38 (0.94, 2.03)
1.46 (0.77, 2.75)

0.95 (0.56, 1.58)
0.99 (0.45, 2.16)
1.12 (0.48, 2.57)
1.29 (0.58, 2.85)
1.43(0.68, 3.01)

0.98(0.78, 1.24)
1.02 (0.62, 1.70)
1.16 (0.65, 2.05)
1.34(0.76, 2.36)
1.49 (0.84, 2.63)

1.04 (0.79, 1.37)
1.18(0.82, 1.70)
1.36 (0.90, 2.07)
1.52(0.92, 2.49)

1.04 (0.93, 1.15)
1.17 (0.93, 1.47)
1.35(0.95, 1.92)
1.5(0.93, 2.43)

1.10(0.82, 1.46)
1.24 (0.84, 1.83)
1.37 (0.81, 2.34)

1.00 (0.61, 1.62)
1.23 (0.62, 2.45)
1.79 (0.90, 3.54)
2.66 (1.39, 5.09)
3.5(1.77,6.92)

1.02 (0.82, 1.26)
1.26 (0.82, 1.93)
1.83(1.15, 2.91)
2.72 (1.59, 4.66)
3.58 (1.82,7.03)

1.23(0.99, 1.54)
1.8(1.29, 2.50)
2.67 (1.59, 4.49)
3.51(1.7,7.27)

1.14 (1.05, 1.25)
1.67 (1.28, 2.17)
2.48 (1.47,4.18)
3.25(1.51, 6.99)

1.42(1.18,1.72)
2.22(1.37,3.62)
3.08 (1.42, 6.67)

1.13(0.72, 1.77)
1.28 (0.65, 2.52)
1.44 (0.70, 2.97)
1.59 (0.80, 3.15)
1.68 (0.88, 3.19)

1.06 (0.87, 1.30)
1.2(0.78,1.87)
1.36 (0.83, 2.23)
1.50(0.92, 2.44)
1.58 (0.96, 2.60)

1.13(0.89, 1.44)
1.28 (0.93, 1.75)
1.41(0.98, 2.03)
1.49 (0.96, 2.31)

1.07 (0.97, 1.17)
1.20(0.98, 1.47)
1.32(0.97, 1.81)
1.40(0.91, 2.16)

0.99 (0.74, 1.32)
1.03 (0.72, 1.47)
1.10 (0.69, 1.75)

1.28 (0.73, 2.25)
1.53(0.67, 3.5)
1.70(0.73, 3.97)
1.79 (0.81, 3.97)
1.80(0.82, 3.97)

1.13(0.87, 1.45)
1.35(0.80, 2.27)
1.49 (0.84, 2.65)
1.57 (0.85, 2.88)
1.58(0.79, 3.18)

1.20(0.91, 1.58)
1.33(0.91, 1.95)
1.39 (0.83, 2.36)
1.41(0.70, 2.83)

1.08 (0.97, 1.21)
1.20(0.91, 1.58)
1.26 (0.76, 2.08)
1.27 (0.62, 2.62)

1.12 (0.93, 1.35)
1.16 (0.74, 1.83)
1.16 (0.56, 2.38)

1.01 (0.53, 1.92)
1.00 (0.37, 2.68)
0.97 (0.34, 2.80)
0.93 (0.34, 2.55)
0.89(0.35, 2.27)

1.00 (0.75, 1.34)
0.99 (0.52, 1.88)
0.97 (0.47, 2.00)
0.93 (0.46, 1.89)
0.88(0.44, 1.79)

0.99 (0.70, 1.40)
0.96 (0.61, 1.53)
0.93 (0.55, 1.55)
0.88 (0.49, 1.60)

0.99 (0.87, 1.14)
0.97(0.73, 1.28)
0.93(0.61, 1.41)
0.88 (0.50, 1.56)

1.15(0.79, 1.67)
1.10(0.69, 1.74)
0.96 (0.52, 1.76)

0.86 (0.50, 1.48)
0.85(0.39, 1.88)
0.95(0.42, 2.13)
1.11 (0.51, 2.44)
1.27 (0.56, 2.86)

0.94 (0.74, 1.20)
0.93 (0.56, 1.53)
1.04 (0.59, 1.81)
1.22 (0.64, 2.30)
1.39 (0.64, 2.98)

0.99 (0.76, 1.29)
1.10(0.75, 1.64)
1.29(0.72, 2.32)
1.47 (0.67, 3.25)

1.01(0.91, 1.13)
1.13 (0.84, 1.53)
1.33(0.75, 2.34)
1.51(0.67, 3.42)

1.09 (0.89, 1.34)
1.27 (0.76, 2.10)
1.43 (0.64, 3.20)

CAFO: concentrated animal feeding operation; km: kilometers; OR: odds ratio; CI: confidence interval
bAdjusted for gender, age, body mass index, smoking status, education, income, pet ownership

LT



Table B3.
Odds Ratio (OR) of asthma outcomes by residential distance to the nearest CAFO

Asthma medication use in last 12 months
Unadjusted OR Adjusted OP
(95%CI) (95%CI)

Current Asthma? Doctor Diagnosed Asthma
Unadjusted OR  Adjusted OR" | Unadjusted OR  Adjusted OR"
(95%CI) (95%CI) (95%CI) (95%CI)

Asthma Episode in last 12 months
Unadjusted OR Adjusted OR
(95%CI) (95%CI)

Residential Distance
Compared

1 mile (1.6 km) vs:

2 miles (3.4 km)
3 miles (4.8 km)
4 miles (6.4 km)
5 miles (8.0 km)
6 miles (9.7 km)

1.5 miles (2.4 km) vs:

2 miles (3.4 km)
3 miles (4.8 km)
4 miles (6.4 km)
5 miles (8.0 km)
6 miles (9.7 km)

2 miles (3.4 km) vs:

3 miles (4.8 km)
4 miles (6.4 km)
5 miles (8.0 km)
6 miles (9.7 km)

2.5 miles (4.0 km) vs:

3 miles (4.8 km)
4 miles (6.4 km)
5 miles (8.0 km)
6 miles (9.7 km)

3 miles (4.8 km) vs:

4 miles (6.4 km)
5 miles (8.0 km)
6 miles (9.7 km)

1.40 (0.84, 2.35)
1.71 (0.79, 3.70)
1.80 (0.80, 4.08)
1.73 (0.80, 3.75)
1.60 (0.77,3.31)

1.17 (0.93, 1.47)
1.42 (0.86, 2.34)
1.50 (0.86, 2.62)
1.44 (0.83, 2.52)
1.33(0.75, 2.37)

1.22 (0.93, 1.59)
1.28 (0.90, 1.83)
1.24 (0.81, 1.89)
1.14 (0.68, 1.93)

1.08 (0.97, 1.20)
1.14 (0.91, 1.44)
1.10 (0.76, 1.59)
1.01 (0.60, 1.71)

0.85 (0.59, 1.21)
0.80 (0.51, 1.27)
0.80 (0.45, 1.45)

0.92 (0.40, 2.11)
1.02 (0.29, 3.55)
1.32(0.36, 4.89)
1.78 (0.52, 6.07)
2.25(0.72, 7.05)

0.98 (0.67, 1.42)
1.08 (0.49, 2.41)
1.40 (0.57, 3.41)
1.89 (0.79, 4.56)
2.39(0.97, 5.90)

1.11 (0.72, 1.71)
1.44 (0.81, 2.53)
1.94 (0.99, 3.80)
245 (1.07, 5.60)

1.08 (0.91, 1.28)
1.40 (0.97, 2.01)
1.89 (1.05, 3.40)
2.38 (1.03, 5.50)

1.27 (1.00, 1.62)
1.82 (1.06, 3.11)
2.43 (1.02, 5.79)

1.62 (1.06, 2.47)
2.10 (1.11, 3.96)
220 (1.13, 4.30)
2.03 (1.08, 3.82)
1.80 (0.99, 3.26)

1.25 (1.03, 1.51)
1.61 (1.07, 2.43)
1.70 (1.07, 2.67)
1.57 (0.9, 2.47)
1.39 (0.86, 2.23)

1.30 (1.04, 1.62)
1.36 (1.02, 1.82)
1.26 (0.89, 1.79)
1.1 (0.72, 1.72)

1.10 (1.01, 1.2)
1.16 (0.96, 1.40)
1.07 (0.79, 1.46)
0.95(0.61, 1.47)

0.89 (0.58, 1.38)
0.97 (0.54, 1.76)
1.14 (0.51, 2.54)

1.36 (0.77, 2.42)
1.86 (0.80, 4.34)
2.49 (1.04, 5.95)
3.11(1.35,7.19)
3.50(1.51,8.11)

1.17 (0.90, 1.51)
1.6 (0.93,2.73)
2.13(1.17, 3.88)
2.67(1.39,5.13)
3.00 (1.40, 6.41)

1.37(1.02, 1.82)
1.82(1.21, 2.75)
228 (1.28, 4.06)
2.57(1.19, 5.53)

1.17 (1.04, 1.31)
1.56 (1.15, 2.11)
1.95 (1.13,3.38)
2.20 (1.00, 4.83)

1.34 (1.09, 1.65)
1.73 (1.04, 2.87)
2.00 (0.89, 4.49)

1.56 (0.85, 2.86)
2.18 (0.89, 5.35)
2.68 (1.05, 6.84)
2.98(1.23,7.22)
3.07(1.31,7.19)

1.24 (0.94, 1.62)
1.72 (0.97, 3.06)
2.12(1.12, 4.02)
2.36(1.22,4.55)
2.43(1.18,4.97)

1.39 (1.02, 1.90)
1.71 (1.13, 2.61)
1.91 (1.11, 3.27)
1.96 (0.98, 3.92)

1.16 (1.03, 1.31)
1.43 (1.07, 1.90)
1.59 (0.97, 2.61)
1.63 (0.81, 3.31)

0.89 (0.58, 1.38)
0.97 (0.54, 1.76)
1.14 (0.51,2.54)

1.01 (0.47, 2.18)
1.20 (0.39, 3.71)
1.64 (0.53, 5.10)
2.32(0.83, 6.43)
3.09 (1.19, 8.06)

1.02 (0.72, 1.44)
1.21 (0.60, 2.47)
1.65 (0.78, 3.51)
234(1.11,4.92)
3.13(1.36,7.17)

1.19 (0.82, 1.73)
1.62 (1.01, 2.61)
2.29(1.23,4.28)
3.06 (1.30,7.21)

1.12 (0.97, 1.29)
1.52(1.10, 2.11)
2.15(1.17, 3.94)
2.87(1.15,7.18)

1.36 (1.09, 1.71)
2.13(1.18, 3.82)
3.14 (1.17, 8.38)

2.00 (1.24, 3.20)
2.89 (1.43, 5.85)
3.07 (1.48, 6.39)
2.72(1.37,5.38)
2.26(1.19,4.32)

1.37 (111, 1.70)
1.98 (1.27,3.11)
2.11 (1.28, 3.46)
1.86 (1.14, 3.06)
1.55 (0.91, 2.64)

1.45 (1.14, 1.84)
1.54 (1.12, 2.11)
1.36 (0.92, 2.02)
1.13 (0.68, 1.88)

1.15 (1.05, 1.26)
1.22 (0.9, 1.51)
1.08 (0.76, 1.54)
0.90 (0.54, 1.51)

1.07 (0.77, 1.48)
0.91 (0.59, 1.40)
0.73 (0.41, 1.31)

1.81(0.94, 3.47)
2.85(1.09, 7.46)
3.85(1.43, 10.36)
4.51(1.79, 11.35)
4.63 (191, 11.21)

1.33(0.99, 1.78)
2.09 (1.14, 3.85)
2.83 (1.45,5.54)
3.31(1.66, 6.62)
3.40 (1.58,7.33)

1.58 (1.14, 2.19)
2.13(1.37,3.31)
249 (1.39, 4.47)
2.56(1.19, 5.53)

1.23 (1.08, 1.40)
1.66 (1.22, 2.27)
1.95 (1.12,3.38)
2.00 (0.90, 4.44)

1.39 (1.13, 1.72)
1.69 (1.00, 2.86)
1.78 (0.75, 4.22)

CAFO: concentrated animal feeding operation; km: kilometers; OR: odds ratio; CI: confidence interval; * Asthma defined as doctor diagnosed and currently still have asthma;
bAdjusted for gender, age, body mass index, smoking status, education, income, height, physical activity, pet ownership
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Table B4.

Change in lung function by residential distance to the nearest CAFO

FEV1 (Liters) FVC (Liters/second) FEV1 % PRD FEV1/FVC
Residential Distance Unadjusted p Adjusted p* Unadjusted B Adjusted p? Unadjusted p Adjusted p? Unadjusted p Adjusted p*
Compared (95%CI) (95%CI) (95%CI) (95%CI) (95%CI) (95%CI) (95%CI) (95%CI)

1 mile (1.6 km) vs:
2 miles (3.4 km)
3 miles (4.8 km)
4 miles (6.4 km)
5 miles (8.0 km)
6 miles (9.7 km)
1.5 miles (2.4 km) vs:
2 miles (3.4 km)
3 miles (4.8 km)
4 miles (6.4 km)
5 miles (8.0 km)
6 miles (9.7 km)
2 miles (3.4 km) vs:
3 miles (4.8 km)
4 miles (6.4 km)
5 miles (8.0 km)
6 miles (9.7 km)
2.5 miles (4.0 km) vs:
3 miles (4.8 km)
4 miles (6.4 km)
5 miles (8.0 km)
6 miles (9.7 km)
3 miles (4.8 km) vs:
4 miles (6.4 km)
5 miles (8.0 km)
6 miles (9.7 km)

-0.11 (-0.24, 0.02)
-0.16 (-0.37, 0.04)
-0.16 (-0.38, 0.05)
-0.13 (-0.34, 0.07)
-0.09 (-0.29, 0.10)

-0.05 (-0.11,0.01)
-0.10 (-0.23, 0.03)
-0.10 (-0.25, 0.05)
-0.07 (-0.22, 0.08)
-0.03 (-0.18,0.12)

-0.05 (-0.13, 0.02)
-0.05 (-0.15, 0.04)
-0.02 (-0.13, 0.09)
0.02 (-0.11, 0.15)

-0.02 (-0.05, 0.01)
-0.02 (-0.08, 0.04)
0.01 (-0.08, 0.11)
0.05 (-0.07, 0.18)

0.82 (-0.99, 2.63)
3.91(-0.10, 7.92)
6.32 (0.67, 11.98)

-0.05 (-0.24, 0.02)
-0.24 (-0.39, -0.10)
-0.26 (-0.43, -0.10)
-0.24 (-0.41, -0.08)
-0.21 (-0.37, -0.04)

-0.07 (-0.12, -0.03)
-0.16 (-0.25, -0.06)
-0.18 (-0.29, 0.06)
-0.16 (-0.28, -0.03)
-0.12 (-0.26, 0.02)

-0.09 (-0.14, -0.03)
-0.10 (-0.18, -0.02)
-0.08 (-0.18, 0.02)
-0.05 (-0.17, 0.07)

-0.03 (-0.06, -0.01)
-0.05 (-0.11, 0.00)
-0.03 (-0.11, 0.05)
0.00 (-0.11, 0.12)

-1.13 (-3.85, 1.59)
045 (-5.42, 6.33)
2.50 (-6.22, 11.22)

-0.05 (-0.24, 0.02)
-0.06 (-0.37, 0.04)
-0.04 (-0.38, 0.05)
0.01 (-0.34,0.07)
0.05 (-0.29, 0.10)

-0.02 (-0.11, 0.01)
-0.03 (-0.23, 0.03)
-0.01 (-0.25, 0.05)
0.04 (-0.22, 0.08)
0.08 (-0.18, 0.12)

-0.01 (-0.13, 0.02)
0.02 (-0.15, 0.04)
0.06 (-0.13, 0.09)
0.10 (-0.11, 0.15)

0.00 (-0.05, 0.01)
0.03 (-0.08, 0.04)
0.07 (-0.08, 0.11)
0.11 (-0.07, 0.18)

0.99 (0.98, 1.00)
0.99 (0.98, 1.01)
1.00 (0.98, 1.01)

-0.16 (-0.25, -0.06)
-0.24 (-0.39, -0.10)
-0.26 (-0.43, -0.10)
-0.24 (-0.41, -0.08)
-0.21 (-0.37, -0.04)

-0.07 (-0.12, -0.03)
-0.16 (-0.25, -0.06)
-0.18 (-0.29, -0.06)
-0.16 (-0.28, -0.03)
-0.12 (-0.26, 0.02)

-0.09 (-0.14, -0.03)
-0.10 (-0.18, -0.02)
-0.08 (-0.18, 0.02)
-0.05 (-0.17, 0.07)

-0.03 (-0.06, -0.01)
-0.05 (-0.11, 0.00)
-0.03 (-0.11, 0.05)
0.00 (-0.11, 0.12)

0.99 (0.99, 1.00)
1.00 (0.98, 1.01)
1.00 (0.98, 1.02)

-3.89 (-7.2, -0.58)
-5.24 (-10.17,-0.31)
-4.40 (-9.53,0.74)
-2.66 (-7.4,2.07)
-1.37 (-5.8, 3.07)

-1.70 (-3.19, -0.21)
-3.06 (-6.2, 0.09)
2.21 (-5.69, 1.27)
-0.48 (-3.88,2.92)
0.82 (-2.74, 4.37)

-1.36 (-3.05, 0.34)
-0.51 (-2.76, 1.74)
1.22 (-1.4, 3.89)
2.52 (-0.83, 5.86)

-0.32 (-0.99, 0.35)
0.52 (-0.97,2.01)
2.25(-0.14, 4.65)
3.55(0.09, 7.00)

-0.02 (-0.10, 0.06)
0.03 (-0.07, 0.13)
0.09 (-0.04, 0.22)

-7.91 (-14.95, -0.86)
-12.03 (-22.7,-1.37)
-12.64 (-24.26, -1.01)
-11.31 (-23.14, 0.51)
9.67 (-21.81, 2.47)

-3.59 (-6.78, -0.40)
-7.72 (-14.63, -0.81)
-8.32 (-16.59, -0.06)
-7.00 (-16.26, 2.26)
-5.36 (-15.70, 4.98)

-4.13 (-7.97, -0.29)
-4.73 (-10.49, 1.03)
-3.41 (-11.11, 4.30)
-1.76 (-11.29, 7.77)

-1.53 (-3.13,0.08)
2.13 (-6.23, 1.96)
-0.81 (-7.62, 6.00)
0.83 (-8.29, 9.96)

-0.03 (-0.06, 0.01)
0.00 (-0.07, 0.07)
0.05 (-0.06, 0.15)

-0.016 (-0.032, 0.000)
-0.026 (-0.051, -0.002)
-0.031 (-0.057, -0.005)
-0.031 (-0.056, -0.006)
-0.029 (-0.053, -0.005)

-0.008 (-0.015, 0.000)
-0.018 (-0.034, -0.002)
-0.022 (-0.04, -0.004)
-0.023 (-0.041, -0.004)
-0.02 (-0.039, -0.002)

-0.01 (-0.019, -0.002)
-0.015 (-0.027, -0.003)
-0.015 (-0.029, -0.001)
-0.013 (-0.029, 0.003)

-0.004 (-0.008, -0.001)
-0.009 (-0.016, -0.001)
-0.009 (-0.02, 0.002)
-0.007 (-0.022, 0.009)

0.035 (-0.083, 0.153)
0.091 (-0.049, 0.232)
0.136 (-0.032, 0.305)

-0.023 (-0.040, -0.005)
-0.036 (-0.063, -0.009)
-0.041 (-0.071, -0.010)
-0.039 (-0.07, -0.008)
-0.035 (-0.067, -0.004)

-0.01 (-0.018, -0.003)
-0.024 (-0.042, -0.006)
-0.028 (-0.05, -0.007)
-0.027 (-0.051, -0.003)
-0.023 (-0.05, 0.003)

-0.013 (-0.024, -0.003)
-0.018 (-0.033, -0.003)
-0.017 (-0.036, 0.003)
-0.013 (-0.036, 0.011)

-0.005 (-0.01, -0.001)
-0.010 (-0.02, 0.001)
-0.008 (-0.025, 0.008)
-0.005 (-0.026, 0.017)

-0.003 (-0.036, 0.029)
0.033 (-0.039, 0.105)
0.073 (-0.039, 0.185)

FEV1: Forced Expiratory Volume in One Second; FVC: Forced expiratory Vital Capacity; L: Liters; s: seconds; PRD: Predicted; km: kilometers; CAFO; concentrated animal feeding operation
2Adjusted for gender, age, body mass index, smoking status, education, income, height, physical activity, pet ownership
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Table BS.

Total number of participants with current asthma and allergy by distance from nearest CAFO.

SHOW 2008-2016 (N=1547)

Current Current

SHOW 2008-2013 (N=1019)

Current  Current allergy

Distance to nearest CAFO  Totaln  asthma allergy Total n allergy & asthma
<=1 miles (1.6 km) 25 7 10 16 8 2
<=1.5 miles (2.4 km) 65 8 24 43 20 5
<=2 miles (3.2 km) 93 10 35 67 27 7
<= 2.5 miles (4.0 km) 131 11 52 95 37 8
<=3 miles (4.8 km) 179 15 69 130 50 11
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Appendix B: Figures
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Figure B1. Unadjusted cubic splines of residential proximity to the nearest CAFO (x axis:
distance in miles) and the log odds of asthma and allergy outcomes (y axis); and linear predictor

(y axis) of FEV1 percent predicted.
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Appendix C: Figures
Sensitivity Analysis

Results tables include results from both the main analysis, this subset analysis, and a third
analysis where only those residing in Milwaukee County are excluded. This third analysis was
run as an alternative method for removing urban residents without reducing sample size as much.
Since Milwaukee city is the largest, most urbanized area in Wisconsin, residents of this county
would have the greatest urban air pollution exposure. Supplementary Figure 3 shows the annual
average fine particulate matter (PM2.5 in pg/m?) for the state of Wisconsin in 2013. Data comes
from the EPA’s 12 x 12 kilometer grid of estimated PM2.5 from a hierarchical Bayesian model
including point and non-point air emission sources (agriculture, forest fires, roadways, traffic,
industry, population density) as well as geography and climate (topography, temperature,
humidity). As you can see, urban areas such as Milwaukee, Madison, and Green Bay show
higher annual average PM2.5 air pollution when compared to rural areas, with Milwaukee
having the highest estimated annual average PM2.5.

Figure C1. Annual average fine particulate matter (PM2.5) interpolated using inverse distance
weighting from 12 x 12 km grid of PM2.5 daily values from EPA’s Hierarchical Bayesian Time
Modeling System (HBM).
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Results tables and figures in this supplementary include results from both the main analysis, this
subset analysis, and a third analysis where only those residing in Milwaukee County are
excluded. This third analysis was run as an alternative method for removing urban residents
without reducing sample size as much. Since Milwaukee city is the largest, most urbanized area
in Wisconsin, residents of this county would have the greatest urban air pollution exposure, as
depicted in SF3. Furthermore, the prevalence of asthma outcomes is higher in urban areas (ST2.)
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Figure C2. Study flow chart of the subset study sample where urban area residents are excluded.
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Figure C3. Unadjusted cubic splines of residential proximity to the nearest CAFO (x axis:
distance in miles) and the log odds of asthma outcomes (y axis); and linear predictor (y axis) of
FEV1 percent predicted.

(A) Plots with entire study sample from main analyses (includes urban and rural participants).
(B) Plots with subset of study sample (excludes urban area participants).
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Appendix C: Tables

Table C1. Prevalence of asthma outcomes among SHOW 2014-2017 (ages 6-17) by urbanicity.

Urban area Urban cluster Rural area
Total resident resident resident
(n=542) (n=289) (n=48) (n=165)
N N (%) N (%) N (%)
Ever asthma 118 80 (24.8) 7 (14.0) 30(17.1)
Current asthma 74 52 (16.2) 2 (4.0) 19 (10.9)
Wheezing 72 50 (15.2) 4 (8.0) 18 (10.3)
Asthma attack 40 30 (9.4) 1(2.0) 9(5.1)
Asthma meds 55 43 (13.3) 1(2.0) 11 (6.3)
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Table C2. Odds Ratio (OR) of asthma outcomes by residential distance to the nearest CAFO. Table displays results from main study sample

(n=504)
Residential Current Asthma? Doctor Diagnosed Asthma Wheezing in last 12 months Astl.lma medication use Asthma attack in
Distances in last 3 months last 12 months
Compared Unadjusted Adjusted OR? Unadjusted Adjusted ORP Unadjusted Adjusted OR?  Unadjusted Adjusted O Unadjusted Adjusted O°
(in miles) OR (95%CI) (95%CI) OR (95%CI) (95%CI) OR (95%CI) (95%CI) OR (95%CI) (95%CI) OR (95%CI) (95%CI)
1vé6 1.89 (0.57, 6.28) 1.69 (0.57, 5.05) 2.13(0.85, 5.29) 1.86 (0.80, 4.32) 2.46 (1.57, 3.86) 2.40(1.42, 4.04) 3.18(1.66, 6.06)  3.34(1.71, 6.55) 2.50(1.25, 4.98) 2.67 (1.30, 5.47)
1.5v6 1.77 (0.60, 5.22) 1.60 (0.60, 4.30) 1.97 (0.87, 4.47) 1.75(0.82, 3.73) 2.25 (1.50, 3.37) 2.19(1.37,3.51) 2.83(1.58,5.06) 2.96 (1.62, 5.42) 2.28 (1.23, 4.24) 2.42(1.27,4.61)
2v6 1.66 (0.64, 4.34) 1.52 (0.63, 3.65) 1.83(0.88, 3.79) 1.64 (0.84, 3.22) 2.05 (1.43, 2.95) 2.01(1.32, 3.05) 2.52(1.50,4.22)  2.62(1.53, 4.49) 2.08 (1.20, 3.61) 2.19(1.23, 3.89)
25v6 1.56 (0.67, 3.61) 1.44 (0.67, 3.10) 1.69 (0.90, 3.20) 1.54 (0.85, 2.78) 1.88 (1.37, 2.57) 1.84 (1.28, 2.65) 2.24(1.43,3.53) 2.32(1.45,3.72) 1.90(1.17, 3.07) 1.99 (1.20, 3.28)
3v6 1.46 (0.71, 3.01) 1.37(0.71, 2.64) 1.57(0.91, 2.71) 1.45 (0.87, 2.40) 1.71(1.31, 2.25) 1.69 (1.23,2.31) 2.00(1.36,2.94) 2.06(1.38,3.08) 1.73 (1.14, 2.62) 1.80(1.17, 2.77)
4v6 1.29 (0.80, 2.08) 1.23(0.80, 1.91) 1.35(0.94, 1.94) 1.28(0.91, 1.79) 1.43(1.20, 1.71) 1.42 (1.15, 1.74) 1.58 (1.22, 2.05) 1.62 (1.24,2.11) 1.44 (1.09, 1.90) 1.48 (1.11, 1.97)
5v6 1.13(0.89, 1.44) 1.11(0.89, 1.38) 1.16 (0.97, 1.39) 1.13(0.96, 1.34) 1.19 (1.09, 1.31) 1.19 (1.07, 1.32) 1.26 (1.11, 1.43) 1.27 (1.11, 1.45) 1.20(1.04, 1.37) 1.21 (1.05, 1.40)
1v10 1.38(0.32, 5.90) 1.04 (0.23, 4.73) 1.91(0.68, 5.42) 1.51(0.53, 4.31) 1.55 (0.87, 2.75) 1.2 (0.64, 2.25) 2.12(0.96, 4.70) 1.60 (0.62, 4.13) 1.69(0.72, 4.01) 1.38(0.53, 3.58)
1.5v10 1.29 (0.34, 4.92) 0.98 (0.24, 4.03) 1.78 (0.69, 4.60) 1.42 (0.54, 3.73) 1.41(0.83, 2.41) 1.10(0.61, 1.97) 1.89(0.91, 3.93) 1.42(0.59, 3.43) 1.54 (0.70, 3.43) 1.25(0.51, 3.04)
2v10 1.21(0.36, 4.10) 0.93 (0.25, 3.43) 1.65 (0.69, 3.9) 1.33(0.55, 3.23) 1.29(0.79, 2.12) 1.00 (0.58, 1.73) 1.68 (0.86, 3.30) 1.25(0.55, 2.85) 1.41 (0.68, 2.94) 1.13(0.49, 2.59)
25v10 1.14 (0.38, 3.42) 0.89(0.27,2.92) 1.53(0.70, 3.31) 1.25(0.56, 2.80) 1.18 (0.75, 1.86) 0.92 (0.56, 1.52) 1.50 (0.81, 2.76) 1.11(0.52, 2.37) 1.29 (0.65, 2.52) 1.02 (0.48, 2.21)
3v10 1.07 (0.40, 2.86) 0.84 (0.28, 2.49) 1.42(0.71, 2.81) 1.18(0.57, 2.43) 1.08 (0.71, 1.64) 0.84 (0.53, 1.33) 1.33(0.77, 2.32) 0.98 (0.49, 1.97) 1.17 (0.63, 2.17) 0.93 (0.46, 1.89)
4v10 | 0.94 (0.44, 2.00) 0.76 (0.32,1.81) 1.22 (0.73, 2.04) 1.04 (0.59, 1.83) 0.90(0.63, 1.28) 0.71(0.48, 1.04) 1.06 (0.68, 1.64)  0.77 (0.44, 1.37) 0.98 (0.59, 1.61) 0.76 (0.42, 1.39)
5v10 | 083 (0.48,1.41) 0.68 (0.35, 1.33) 1.05 (0.73, 1.49) 0.92 (0.60, 1.40) 0.75 (0.56, 1.01) 0.59 (0.42, 0.83) 0.84 (0.60,1.18)  0.61 (0.39, 0.96) 0.81(0.54, 1.22) 0.63 (0.38, 1.04)

CAFO: concentrated animal feeding operation; v: verses; OR: odds ratio; CI: confidence interval,
bAdjusted for gender, age, body mass index, household smoking status, poverty to income ratio, distance to roadway, distance to industry, number of people in the home
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Table C3. Change in lung function by residential distance to the nearest CAFO. Table displays results from main study sample (n=504)

Residential
Distance
Compared

FEV1 (Liters)

Unadjusted p
(95%CI)

Adjusted p*
(95%CI)

FVC (Liters/second)

Unadjusted B
(95%CI)

Adjusted p*
(95%CI)

FEV1 % PRD

Unadjusted p
(95%CI)

Adjusted p*
(95%CI)

FEV1/FVC

Unadjusted
(95%CI)

Adjusted p*
(95%CI)

1vé6
1.5v6
2v6
25v6
3v6
4 vo6
5v6
1 v10
1.5v10
2 v10
25v 10
3v10
4 v10
5vl10

0.277(-0.13, 0.683)
0.249 (-0.117, 0.614)
0.221 (-0.104, 0.546)
0.193 (-0.091, 0.477)
0.166 (-0.078, 0.409)
0.11(-0.052, 0.272)
0.055 (-0.026, 0.136)
0.101 (-0.348, 0.55)
0.073 (-0.34, 0.486)
0.046 (-0.332, 0.424)
0.018 (-0.326, 0.362)
-0.01 (-0.322, 0.302)
-0.065 (-0.321, 0.19)
-0.121 (-0.336, 0.094)

0.135 (-0.169, 0.439)
0.122 (-0.152, 0.395)
0.108 (-0.135, 0.351)
0.095 (-0.118, 0.307)
0.081 (-0.101, 0.263)
0.054 (-0.068, 0.176)
0.027 (-0.034, 0.088)
0.104 (-0.223, 0.431)
0.09 (-0.207, 0.387)

0.077 (-0.191, 0.344)
0.063 (-0.175, 0.301)
0.05 (-0.159, 0.259)

0.023 (-0.129, 0.175)
-0.004 (-0.104, 0.095)

0.502 (-0.101, 1.106)
0.452 (-0.091, 0.995)
0.402 (-0.081, 0.884)
0.351 (-0.071, 0.774)
0.301 (-0.061, 0.663)
0.2 (-0.041, 0.441)
0.1(-0.02, 0.22)
0.401 (-0.304, 1.105)
0.35 (-0.298, 0.999)
0.3 (-0.294, 0.894)
0.25 (-0.29, 0.789)
0.199 (-0.288, 0.687)
0.099 (-0.291, 0.488)
-0.002 (-0.31, 0.306)

0.245 (-0.692, 1.182)
0.22 (-0.623, 1.064)

0.196 (-0.554, 0.946)
0.171(-0.485, 0.827)
0.147 (-0.415, 0.709)
0.098 (-0.277, 0.473)
0.049 (-0.138, 0.236)
0.252 (-0.918, 1.421)
0.227 (-0.85, 1.304)

0.203 (-0.781, 1.186)
0.178 (-0.713, 1.069)
0.154 (-0.646, 0.953)
0.105 (-0.512, 0.721)
0.056 (-0.381, 0.492)

0.251 (-0.078, 0.58)
0.226 (-0.07, 0.522)
0.201 (-0.062, 0.464)
0.176 (-0.055, 0.406)
0.151 (-0.047, 0.348)
0.1(-0.031, 0.232)
0.05 (-0.016, 0.116)
0.178 (-0.216, 0.571)
0.152 (-0.21, 0.515)
0.127 (-0.205, 0.459)
0.102 (-0.2, 0.404)
0.077 (-0.196, 0.35)
0.027 (-0.191, 0.245)
-0.023 (-0.193, 0.147)

0.168 (-0.083, 0.418)
0.151 (-0.074, 0.377)
0.134 (-0.066, 0.335)
0.118 (-0.058, 0.293)
0.101 (-0.05, 0.251)

0.067 (-0.033, 0.167)
0.034 (-0.017, 0.084)
0.166 (-0.177, 0.508)
0.149 (-0.169, 0.466)
0.132 (-0.161, 0.425)
0.115 (-0.153, 0.383)
0.098 (-0.145, 0.342)
0.065 (-0.129, 0.259)
0.031(-0.114, 0.177)

-0.007 (-0.127, 0.113)
-0.007 (-0.115, 0.101)
-0.006 (-0.102, 0.09)

-0.005 (-0.089, 0.079)
-0.004 (-0.076, 0.067)
-0.003 (-0.051, 0.045)
-0.001 (-0.025, 0.022)
-0.018 (-0.177, 0.14)

-0.018 (-0.164, 0.129)
-0.017 (-0.152, 0.118)
-0.016 (-0.139, 0.106)
-0.016 (-0.126, 0.095)
-0.014 (-0.101, 0.073)
-0.013 (-0.077, 0.052)

0.01 (-0.093,0.112)
0.009 (-0.084, 0.101)
0.008 (-0.075, 0.09)
0.007 (-0.065, 0.079)
0.006 (-0.056, 0.067)
0.004 (-0.037, 0.045)
0.002 (-0.019, 0.022)
0.012 (-0.129, 0.154)
0.012 (-0.12, 0.143)
0.011 (-0.111, 0.132)
0.01 (-0.102, 0.121)
0.009 (-0.092, 0.11)
0.007 (-0.074, 0.087)
0.005 (-0.056, 0.065)

FEV1: Forced Expiratory Volume in One Second; FVC: Forced expiratory Vital Capacity; L: Liters; s: seconds; PRD; CAFO; concentrated animal feeding operation
2Adjusted for gender, age, body mass index, household smoking status, poverty to income ratio, distance to roadway, distance to industry, height, and physical activity
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Table C4. Odds Ratio (OR) of current asthma by residential distance to the nearest CAFO. Table displays results from main
study sample, when urban area residents are excluded, and when Milwaukee county residents are excluded.

Entire study sample

Milwaukee county excluded

All urban areas excluded

Restdenal @213

Compared Unadjusted OR Unadjusted OR Unadjusted OR Adjusted OR" Unadjusted OR Adjusted OR"

(in miles) (95% CI) (95%CI) (95%CI) (95%CI) (95%CI) (95%CI)
1v6 1.89(0.57, 6.28) 1.69(0.57, 5.05) 2.77 (0.49, 15.78) 2.47 (0.52, 11.73) 3.44 (1.49,7.91) 8.63(3.2,23.2)
15v6 1.77(0.60, 5.22) 1.60 (0.60, 4.30) 2.5(0.52,11.92) 2.25(0.55, 9.13) 3.04 (1.44, 6.43) 6.95 (2.85, 16.9)
2v6 1.66 (0.64, 4.34) 1.52(0.63, 3.65) 2.25(0.56, 9.01) 2.05(0.59, 7.11) 2.68 (1.38, 5.23) 5.60 (2.54, 12.3)
2.5v6 1.56 (0.67, 3.61) 1.44(0.67,3.10) 2.03 (0.6, 6.81) 1.87 (063, 5.53) 237 (1.32, 4.25) 451 (2.26,9.03)
3vé6 146 (0.71,3.01) 1.37(0.71, 2.64) 1.83 (0.65, 5.14) 1.7 (0.67, 4.31) 2.01 (1.27, 3.45) 3.64 (2.01, 6.59)
4v6 1.29(0.80, 2.08) 1.23(0.80, 1.91) 1.48 (0.75, 2.93) 1.41(0.77, 2.61) 1.64 (1.17,2.28) 2.36 (159, 3.51)
5v6 1.13(0.89,1.44) 1.11(0.89, 1.38) 1.2 (0.87, 1.67) 1.17 (0.87, 1.58) 1.28 (1.08, 1.51) 1.53 (1.26, 1.87)
1v10 1.38(0.32,5.90) 1.04(0.23,4.73) 1.37(0.33, 5.78) 0.95 (0.2, 4.5) 2.59(0.93, 7.19) 7.83 (2.08, 29.5)
1.5v 10 1.29(0.34,4.92) 0.98 (0.24, 4.03) 1.24 (0.35, 4.38) 0.87 (0.21, 3.56) 2.29 (0.89, 5.87) 6.31 (1.82, 21.8)
2v 10 1.21(0.36,4.10) 0.93 (0.25, 3.43) 1.12 (0.37,3.32) 0.79 (0.22, 2.82) 2.02 (0.85, 4.8) 5.09 (1.59, 16.2)
25v10 1.14(0.38,3.42) 0.89(0.27, 2.92) 1.01 (0.4, 2.53) 0.72 (0.23, 2.24) 1.78 (0.81, 3.93) 4.10 (1.39, 12.0)
3v10 1.07 (0.40, 2.86) 0.84 (0.28, 2.49) 0.91(0.43, 1.92) 0.66 (0.24, 1.8) 1.58 (0.77, 3.22) 3.30(1.21, 9.04)
4v10 0.94(0.44,2.00) 0.76 (0.32,1.81) 0.74 (0.48, 1.14) 0.55 (0.25, 1.19) 1.23 (0.70, 2.18) 2.14 (0.9, 5.13)
5v10 0.83 (0.48, 1.41) 0.68 (0.35, 1.33) 0.6 (0.46,0.77) 0.45 (0.24, 0.86) 0.96 (0.61, 1.5) 1.39 (0.65, 2.99)

CAFO: concentrated animal feeding operation; v: verses; OR: odds ratio; CI: confidence interval;

bAdjusted for gender, age, body mass index, household smoking status, poverty to income ratio, distance to roadway, distance to industry, height, and physical activity

88T



Table C5. Odds Ratio (OR) of doctor diagnosed asthma by residential distance to the nearest CAFO. Table displays results

from main study sample, when urban area residents are excluded, and when Milwaukee county residents are excluded.

Entire study sample

Milwaukee county excluded

All urban areas excluded

Resdeni =413 =213

Compared Unadjusted OR Adjusted OR Unadjusted OR Adjusted ORP Unadjusted OR Adjusted ORP

(in miles) 95% CI) (95%CI) (95%CI) (95%CI) (95%CI) (95%CI)
1v6 2.13(0.85,5.29) 1.86(0.80, 4.32) 2.61(1.01, 6.75) 2.1(0.98, 4.51) 3.44(1.49,791) 8.63 (3.2,23.2)
15v6 1.97(0.87,4.47) 1.75(0.82,3.73) 2.37(1.01, 5.57) 1.95 (0.98, 3.88) 3.04 (1.44,6.43) 6.95 (2.85, 16.9)
2v6 1.83(0.88,3.79) 1.64(0.84,3.22) 2.15 (1.01, 4.59) 1.81 (0.98, 3.33) 2.68 (1.38,5.23) 5.60 (2.54, 12.3)
25v6 1.69 (0.90, 3.20) 1.54(0.85,2.78) 1.95 (1.01, 3.78) 1.68 (0.98, 2.86) 2.37(1.32,4.25) 4.51(2.26,9.03)
3v6 1.57(0.91,2.71) 1.45(0.87, 2.40) 1.77 (1.0, 3.12) 1.55 (0.98, 2.45) 2.01(1.27,3.45) 3.64 (2.01, 6.59)
4v6 1.35(0.94,1.94) 1.28(0.91, 1.79) 1.46 (1, 2.12) 1.34 (0.99, 1.81) 1.64 (1.17,2.28) 236 (1.59, 3.51)
5v6 1.16(0.97,1.39) 1.13(0.96, 1.34) 1.2 (1, 1.44) 1.15 (0.99, 1.33) 1.28 (1.08, 1.51) 1.53 (1.26, 1.87)
1v10 1.91(0.68,5.42) 1.51(0.53,4.31) 1.89 (0.73, 4.91) 1.44 (0.48, 4.34) 2.59 (0.93, 7.19) 7.83 (2.08, 29.5)
1.5v10 1.78(0.69, 4.60) 1.42(0.54,3.73) 1.71(0.72, 4.07) 1.34(0.47, 3.78) 2.29 (0.89, 5.87) 6.31 (1.82,21.8)
2v10 1.65(0.69, 3.90) 1.33(0.55,3.23) 1.55(0.72, 3.37) 1.24 (0.47, 3.29) 2.02 (0.85,4.8) 5.09 (1.59, 16.2)
25v10 1.53(0.70,3.31) 1.25(0.56, 2.80) 1.41(0.71, 2.79) 1.15 (0.46, 2.87) 1.78 (0.81, 3.93) 4.10 (1.39, 12.0)
3v10 1.42(0.71,2.81) 1.18(0.57, 2.43) 1.28(0.7,2.32) 1.07 (0.45, 2.52) 1.58 (0.77,3.22) 3.30 (1.21,9.04)
4v10 1.22(0.73,2.04) 1.04(0.59, 1.83) 1.05 (0.68, 1.62) 0.92 (0.43, 1.95) 1.23 (0.70, 2.18) 2.14(0.9, 5.13)
5v10 1.05(0.73, 1.49) 0.92(0.60, 1.40) 0.87 (0.64, 1.17) 0.79 (0.4, 1.54) 0.96 (0.61, 1.5) 1.39 (0.65, 2.99)

CAFO: concentrated animal feeding operation; v: verses; OR: odds ratio; CI: confidence interval;

bAdjusted for gender, age, body mass index, household smoking status, poverty to income ratio, distance to roadway, distance to industry, height, and physical activity
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Table C6. Odds Ratio (OR) of wheezing in last 12 months by residential distance to the nearest CAFO. Table displays
results from main study sample, when urban area residents are excluded, and when Milwaukee county residents are

excluded.

Residential
Distances
Compared
(in miles)

Entire study sample

Unadjusted OR

(95% CI)

Adjusted OR?
(95%CI)

Milwaukee county excluded

(n=413)

Unadjusted OR
(95%CI)

Adjusted OR®
(95%CI)

All urban areas excluded

Unadjusted OR

(95%CI)

Adjusted OR®
(95%CI)

1vé6
1.5v6
2v6
25v6
3vb
4v6
5v6

1v10
1.5v 10
2v10
25v10
3v10
4v10
5v10

2.46 (1.57, 3.86)
2.25(1.50, 3.37)
2.05 (1.43, 2.95)
1.88(1.37, 2.57)
1.71 (1.31, 2.25)
1.43(1.20,1.71)
1.19 (1.09, 1.31)

1.55(0.87, 2.75)
1.41(0.83, 2.41)
1.29(0.79, 2.12)
1.18 (0.75, 1.86)
1.08 (0.71, 1.64)
0.90(0.63, 1.28)
0.75(0.56, 1.01)

2.40 (1.42, 4.04)
2.19(1.37,3.51)
2.01(1.32, 3.05)
1.84 (1.28, 2.65)
1.69 (1.23, 2.31)
1.42 (1.15, 1.74)
1.19 (1.07, 1.32)

1.20 (0.64, 2.25)
1.10(0.61, 1.97)
1.00 (0.58, 1.73)
0.92 (0.56, 1.52)
0.84(0.53, 1.33)
0.71(0.48, 1.04)
0.59 (0.42, 0.83)

4.92 (2,12.13)

4.18(1.86, 9.4)
3.55 (1.73, 7.28)
3.02 (1.62, 5.64)
2.56 (1.51, 4.37)
1.85 (1.31, 2.62)
1.34 (1.13, 1.58)

1.39 (0.7, 2.78)
1.18 (0.61, 2.3)
1(0.52, 1.92)
0.85 (0.45, 1.63)
0.72 (0.38, 1.4)
0.52 (0.26, 1.07)
0.38 (0.17, 0.85)

5.58 (2.3, 13.53)
4.68 (2.11, 10.36)
3.92(1.94,7.93)
3.29 (1.78, 6.07)
2.76 (1.63, 4.65)
1.94 (1.38,2.73)
1.36 (1.16, 1.6)

1.07 (0.61, 1.86)
0.9 (0.53,1.53)
0.75 (0.4, 1.27)
0.63 (0.37, 1.07)
0.53 (0.3, 0.92)
0.37(0.2,0.7)
0.26 (0.12, 0.55)

7.68 (3.49, 16.9)
6.26 (3.08, 12.7)
5.1(2.72,9.59)
4.16 (2.4,7.22)
339 (2.11, 5.44)
2.25 (1.64, 3.09)
1.50 (1.28, 1.75)

423 (1.88, 9.50)
3.45(1.66,7.19)
2.81 (1.45, 5.45)
2.29(1.27,4.13)
1.87 (1.11, 3.14)
1.24 (0.84, 1.83)
0.82 (0.62, 1.1)

44.7(21.75,91.9)
30.5(15.9, 58.4)
20.8 (11.7,37.1)
14.25 (8.61, 23.5)
9.74 (6.32, 14.99)
4.54 (3.41, 6.05)
2.12 (1.84,2.44)

18.02 (8.56, 37.9)
12.31 (6.1, 24.85)
8.41 (4.32, 16.36)
5.74 (3.04, 10.84)
3.92(2.13,7.23)
1.83 (1.02, 3.29)
0.85 (0.47, 1.56)

CAFO: concentrated animal feeding operation; v: verses; OR: odds ratio; CI: confidence interval;

YAdjusted for gender, age, body mass index, household smoking status, poverty to income ratio, distance to roadway, distance to industry, height, and physical activity
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Table C7. Odds Ratio (OR) of asthma meds in last 3 months by residential distance to the nearest CAFO. Table displays
results from main study sample, when urban area residents are excluded, and when Milwaukee county residents are

excluded.

Residential
Distances
Compared
(in miles)

Entire study sample

Unadjusted OR

(95% CI)

Adjusted OR?
(95%CI)

Milwaukee county excluded

(n=413)

Unadjusted OR
(95%CI)

Adjusted OR®
(95%CI)

All urban areas excluded

Unadjusted OR

(95%CI)

Adjusted OR®
(95%CI)

1vé6
1.5v6
2v6
25v6
3vb
4v6
5v6

1v10
1.5v 10
2v10
25v10
3v10
4v10
5v10

3.18 (1.66, 6.06)
2.83(1.58, 5.06)
2.52 (1.50, 4.22)
2.24(1.43,3.53)
2.00 (1.36, 2.94)
1.58 (1.22, 2.05)
1.26 (1.11, 1.43)

2.12(0.96, 4.70)
1.89(0.91, 3.93)
1.68 (0.86, 3.30)
1.50 (0.81, 2.76)
1.33(0.77, 2.32)
1.06 (0.68, 1.64)
0.84(0.60, 1.18)

3.34(1.71, 6.55)
2.96 (1.62, 5.42)
2.62 (1.53, 4.49)
2.32(1.45,3.72)
2.06 (1.38, 3.08)
1.62 (1.24, 2.11)
1.27 (1.11, 1.45)

1.60 (0.62, 4.13)
1.42 (0.59, 3.43)
1.25(0.55, 2.85)
1.11(0.52, 2.37)
0.98 (0.49, 1.97)
0.77 (0.44, 1.37)
0.61 (0.39, 0.96)

5.18(2.71,9.92)
4.38 (2.45, 7.86)
3.71(2.21, 6.22)
3.13(1.99, 4.92)
2.65 (1.8, 3.9)
1.89 (1.47, 2.44)
1.35 (1.2, 1.53)

1.81(0.78, 4.17)
1.53 (0.69, 3.38)
1.29 (0.61, 2.75)
1.09 (0.53, 2.24)
0.92 (0.46, 1.84)
0.66 (0.35, 1.26)
0.47 (0.25, 0.88)

4.9(2.76,8.71)
4.17 (2.49, 6.98)
3.54 (2.24, 5.59)
3.01 (2.02, 4.48)
2.56 (1.82, 3.59)
1.85 (1.48, 2.31)
1.33 (1.2, 1.48)

1.22 (0.44, 3.36)
1.03 (0.38, 2.85)
0.88 (0.32, 2.42)
0.75 (0.27, 2.07)
0.64 (0.23, 1.77)
0.46 (0.16, 1.31)
0.33 (0.11, 0.98)

7.68 (3.49, 16.9)
6.26 (3.08, 12.7)
5.1(2.72,9.59)
4.16 (2.4,7.22)
339 (2.11, 5.44)
2.25 (1.64, 3.09)
1.50 (1.28, 1.75)

423 (1.88, 9.50)
3.45(1.66,7.19)
2.81 (1.45, 5.45)
2.29(1.27,4.13)
1.87 (1.11, 3.14)
1.24 (0.84, 1.83)
0.82 (0.62, 1.1)

44.7(21.75,91.9)
30.5(15.9, 58.4)
20.8 (11.7,37.1)
14.25 (8.61, 23.5)
9.74 (6.32, 14.99)
4.54 (3.41, 6.05)
2.12 (1.84,2.44)

18.02 (8.56, 37.9)
12.31 (6.1, 24.85)
8.41 (4.32, 16.36)
5.74 (3.04, 10.84)
3.92(2.13,7.23)
1.83 (1.02, 3.29)
0.85 (0.47, 1.56)

CAFO: concentrated animal feeding operation; v: verses; OR: odds ratio; CI: confidence interval,

YAdjusted for gender, age, body mass index, household smoking status, poverty to income ratio, distance to roadway, distance to industry, height, and physical activity
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Table C8. Change in FEV1 / FVC ratio by residential distance to the nearest CAFO. Table displays results from main study
sample, when urban area residents are excluded, and when Milwaukee county residents are excluded.

L Entire study sample Milwaukee county excluded All urban areas excluded
Residential
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Distances (n=464) (n=378) (n=202)
Compared Unadjusted p (95% Unadjusted B Unadjusted Unadjusted p Unadjusted p Adjusted B
(in miles) CI) (95%CI) (95%CI) (95%CI) (95%CI) (95%CI)
1v6 | -0.007(-0.127, 0.113) 0.010 (-0.093, 0.112) -0.021 (-0.234, 0.192) -0.015 (-0.217, 0.186) -0.045 (-0.337, 0.247) -0.045 (-0.306, 0.216)
1.5v 6 | -0.007 (-0.115, 0.101) 0.009 (-0.084, 0.101) -0.019 (-0.210, 0.173) -0.014 (-0.195, 0.167) -0.041 (-0.303, 0.222) -0.041 (-0.275, 0.194)
2v6 | -0.006 (-0.102, 0.090) 0.008 (-0.075, 0.090) -0.016 (-0.186, 0.153) -0.012 (-0.173, 0.149) -0.036 (-0.269, 0.197) -0.036 (-0.244, 0.172)
2.5v 6 | -0.005 (-0.089, 0.079) 0.007 (-0.065, 0.079) -0.014 (-0.163, 0.134) -0.011 (-0.151, 0.130) -0.032 (-0.235, 0.172) -0.031 (-0.214, 0.151)
3v6 | -0.004(-0.076, 0.067) 0.006 (-0.056, 0.067) -0.012 (-0.139, 0.114) -0.009 (-0.129, 0.111) -0.027 (-0.201, 0.147) -0.027 (-0.183, 0.129)
4v 6 | -0.003(-0.051, 0.045) 0.004 (-0.037, 0.045) -0.008 (-0.092, 0.076) -0.006 (-0.086, 0.074) -0.018 (-0.133, 0.097) -0.018 (-0.121, 0.086)
5v6 | -0.001(-0.025, 0.022) 0.002 (-0.019, 0.022) -0.004 (-0.045, 0.037) -0.003 (-0.042, 0.036) -0.009 (-0.065, 0.047) -0.009 (-0.060, 0.042)
1v10 | -0.018(-0.177, 0.140) 0.012(-0.129, 0.154) -0.018 (-0.20, 0.163) 0.017 (-0.161, 0.196) -0.062 (-0.331, 0.207) -0.042 (-0.335, 0.252)
1.5v 10 | -0.018 (-0.164, 0.129) 0.012 (-0.120, 0.143) -0.016 (-0.177, 0.144) 0.019 (-0.14, 0.178) -0.058 (-0.297, 0.182) -0.037 (-0.305, 0.231)
2v 10 | -0.017(-0.152, 0.118) 0.011(-0.111, 0.132) -0.014 (-0.154, 0.126) 0.021 (-0.119, 0.160) -0.053 (-0.264, 0.158) -0.032 (-0.275, 0.210)
2.5v 10 | -0.016 (-0.139, 0.106) 0.010 (-0.102, 0.121) -0.012 (-0.131, 0.107) 0.022 (-0.098, 0.143) -0.049 (-0.231, 0.134) -0.028 (-0.244, 0.188)
3v 10 | -0.016 (-0.126, 0.095) 0.009 (-0.092, 0.110) -0.010 (-0.108, 0.089) 0.024 (-0.078, 0.126) -0.044 (-0.198, 0.110) -0.023 (-0.214, 0.167)
4v 10 | -0.014(-0.101, 0.073) 0.007 (-0.074, 0.087) -0.006 (-0.066, 0.054) 0.027 (-0.041, 0.095) -0.035 (-0.134, 0.064) -0.014 (-0.155, 0.126)
5v 10 | -0.013 (-0.077, 0.052) 0.005 (-0.056, 0.065) -0.002 (-0.037, 0.034) 0.030 (-0.015, 0.076) -0.026 (-0.079, 0.028) -0.005 (-0.098, 0.087)

CAFO: concentrated animal feeding operation; v: verses; OR: odds ratio; CI: confidence interval;

bAdjusted for gender, age, body mass index, household smoking status, poverty to income ratio, distance to roadway, distance to industry, height, and physical activity



Additional Supplementary materials:

Table C9. Prevalence of asthma outcomes among SHOW 2014-2017 (ages 6-17) by
residential distance to nearest concentrated animal feeding operation.

Ever Current Asthma Asthma
Distance to Total asthma asthma  Wheezing attack meds
nearest CAFO (n=542) (n=118) (n=74) (n=72) (n=40) (n=55)
<=1 miles 14 4 1 2 1 1
<=2 miles 35 9 3 5 2 3
<=3 miles 52 11 5 8 3 4
<=4 miles 83 16 10 11 4 7
<=5 miles 101 20 11 13 5 9
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C10. Model building - Odds ratio estimates for doctor diagnosed asthma — entire study sample.

Variable

Model 1
OR (95% Cl)

Model 2
OR (95% Cl)

Model 3
OR (95% Cl)

Model 4
OR (95% Cl)

Model 5
OR (95% Cl)

Model 6
OR (95% Cl)

Model 7
OR (95% Cl)

Model 8
OR (95% Cl)

1.5 v 6 miles
3 v 6 miles

2 v 10 miles

1.95 (0.87, 4.36)
1.56 (0.91, 2.67)
1.67 (0.7, 3.99)

1.79 (0.83, 3.87)
1.47 (0.88, 2.46)
1.62 (0.71,3.7)

1.67 (0.79, 3.55)
1.41 (0.85, 2.33)
1.34(0.54, 3.31)

1.72 (0.88, 3.37)
1.44 (0.92, 2.25)
1.33 (0.59, 3.01)

1.75 (0.71, 4.31)
1.45 (0.8, 2.65)
1.4 (0.5, 3.94)

1.86 (0.92, 3.78)
1.51 (0.94, 2.43)
1.4 (0.59, 3.31)

1.82 (0.86, 3.83)
1.49 (0.91, 2.45)
1.33 (0.55, 3.25)

1.92 (0.74, 4.94)
1.54 (0.82, 2.9)
1.43 (0.51, 4.02)

Age

Gender (Male vs. Female)
Distance nearest industry
Distance nearest prird
Pet(s) in home (Y vs. N)
No. of people in home
Smoker in home (Y vs. N)

Poverty to income ratio
Fruit/Veggie consumption

Min/week physical activity
BMI percentile

Season (Other vs. winter)
Urbanicity (urban vs. rural)

1.15 (1.06, 1.26)
1.16 (0.86, 1.55)

1.15 (1.05, 1.26)
1.24 (0.91, 1.67)
0.92 (0.83, 1.01)
1(1,1)

1.14 (1.04, 1.25)
1.25 (0.93, 1.69)
0.91 (0.85, 0.97)

1.27 (0.7, 2.3)
0.84 (0.72, 0.97)

1.14 (1.03, 1.26)
1.28 (0.87, 1.88)
0.91 (0.84, 0.98)

1.47 (0.92, 2.36)
1.14 (1.02, 1.27)

1.05 (1.05, 1.27)
0.85 (0.85, 1.77)
0.84 (0.84, 0.96)

0.91 (0.78, 1.06)
1(1,1)
1.01 (1, 1.02)

1.16 (1.06, 1.26)
1.23 (0.88, 1.7)
0.92 (0.81, 1.05)

0.82 (0.25, 2.72)
0.95 (0.57, 1.57)

1.13 (1.02, 1.24)

1.3(0.92,1.83)

0.91 (0.85, 0.98)

0.83(0.72, 0.94)

1.08 (0.97, 1.19)
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C11. Model building - Odds ratio estimates for wheezing in last 12 months — entire study sample.

Variable

Model 1
OR (95% Cl)

Model 2
OR (95% Cl)

Model 3
OR (95% Cl)

Model 4
OR (95% Cl)

Model 5
OR (95% Cl)

Model 6
OR (95% Cl)

Model 7
OR (95% Cl)

Model 8
OR (95% Cl)

1.5 v 6 miles
3 v 6 miles

2 v 10 miles

2.33(1.56, 3.5)
1.76 (1.34, 2.3)
1.27 (0.78, 2.08)

2.14 (1.45, 3.15)
1.66 (1.28, 2.15)
1.23 (0.77, 1.99)

2.32(1.53,3.51)
1.75 (132, 2.31)
1(0.68, 1.48)

2.4(1.53,3.79)
1.79 (1.32, 2.43)
1.01 (0.61, 1.68)

2.83 (1.64, 4.88)
2(1.39, 2.87)
1.31(0.79, 2.18)

2.2(1.38,3.51)
1.69 (1.24, 2.31)
1.04 (0.63, 1.7)

2.18(1.4,3.39)
1.68 (1.25, 2.25)
0.99 (0.64, 1.54)

2.87 (1.74, 4.73)
2.02 (1.44, 2.81)
1.35 (0.83, 2.18)

Age

Gender (Male vs. Female)
Distance nearest industry
Distance nearest sec rd
Pet(s) in home (Y vs. N)
No. of people in home
Smoker in home (Y vs. N)

Poverty to income ratio
Fruit/Veggie consumption

Min/week physical activity
BMI percentile

Season (Other vs. winter)
Urbanicity (urban vs. rural)

1.11(0.99, 1.24)
0.85 (0.38, 1.94)

1.1(0.97, 1.25)
0.96 (0.4, 2.1)
0.91(0.83, 0.99)
1(1,1)

1.1(0.97,1.25)
0.97 (0.45, 2.07)
0.88 (0.83, 0.94)

1.11 (0.47, 2.65)
0.93 (0.76, 1.13)

1.1(0.96, 1.25)
1.04 (0.45, 2.44)
0.88 (0.82, 0.95)

0.86 (0.32, 2.31)
0.99 (0.84, 1.17)

1.1(0.94, 1.28)
0.87 (0.37, 2.05)
0.89 (0.83, 0.94)

0.9 (0.67, 1.19)
1(1,1)
1.01 (1, 1.02)

1.09 (0.97, 1.22)
1(0.44, 2.28)
0.93 (0.84, 1.03)

1.13 (0.53, 2.43)

0.66 (0.27, 1.64)

1.09 (0.97, 1.22)

0.98 (0.46, 2.08)

0.88(0.82, 0.95)

0.92 (0.73, 1.16)

0.99 (0.89, 1.1)
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C12. Model building - Odds ratio estimates for asthma medication use in last 3 months — entire study sample.

Variable

Model 1
OR (95% Cl)

Model 2
OR (95% Cl)

Model 3
OR (95% Cl)

Model 4
OR (95% Cl)

Model 5
OR (95% Cl)

Model 6
OR (95% Cl)

Model 7
OR (95% Cl)

Model 8
OR (95% Cl)

1.5 v 6 miles
3 v 6 miles

2 v 10 miles

2.91(1.63,5.2)
2.04(1.38, 3)
1.64 (0.84, 3.19)

2.9(1.81, 4.65)
2.03 (1.48, 2.78)
1.66 (0.93, 2.97)

2.8(1.72,4.58)
1.98 (1.43, 2.75)
1.19 (0.66, 2.14)

3.03 (1.88, 4.89)
2.09 (1.52, 2.87)
1.17 (0.58, 2.35)

2.71(1.19, 6.18)
1.95 (1.12, 3.37)
1.19 (0.41, 3.5)

2.89(1.69, 4.92)
2.03 (1.42, 2.89)
1.25 (0.62, 2.52)

2.82 (1.8, 4.41)
1.99 (1.48, 2.68)
1.17 (0.62, 2.22)

2.92 (1.22,7.02)
2.04 (1.14, 3.67)
1.29 (0.47, 3.55)

Age

Gender (Male vs. Female)
Distance nearest industry
Distance nearest sec rd
Pet(s) in home (Y vs. N)
No. of people in home
Smoker in home (Y vs. N)

Poverty to income ratio
Fruit/Veggie consumption

Min/week physical activity
BMI percentile

Season (Other vs. winter)
Urbanicity (urban vs. rural)

1.04 (0.95, 1.14)
1.42 (0.61, 3.32)

1.05 (0.97, 1.14)
1.55 (0.61, 3.96)
0.83 (0.75, 0.92)
1(1,1)

1.03 (0.93, 1.13)
1.64 (0.64, 4.16)
0.81(0.73, 0.91)

1.46 (0.68, 3.14)
0.9 (0.72,1.13)

1.04 (0.93,1.17)
1.49 (0.55, 4.07)
0.82 (0.74, 0.92)

1.06 (0.56, 2)
1.04 (0.89, 1.22)

1.03 (0.93, 1.14)
1.59 (0.53, 4.74)
0.82 (0.74, 0.91)

0.89 (0.75, 1.07)
1(1,1)
1.01 (0.99, 1.03)

1.05 (0.97, 1.14)
1.57 (0.59, 4.15)
0.85 (0.74, 0.99)

0.81(0.44, 1.5)
0.65 (0.21, 2.02)

1.01(0.92, 1.11)
1.56 (0.64, 3.8)
0.82 (0.74, 0.91)

0.87 (0.68, 1.12)
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C13a. Model building - Change in estimates for FEV1 % Predicted — entire study sample.

Variable

Model 1
OR (95% Cl)

Model 2
OR (95% Cl)

Model 3
OR (95% Cl)

Model 4
OR (95% Cl)

Model 5
OR (95% Cl)

1.5v 6 miles
3 v 6 miles

2 v 10 miles

-0.007 (-0.115, 0.101)
-0.004 (-0.076, 0.067)
-0.017 (-0.152, 0.118)

-0.008 (-0.041, 0.024)
-0.010 (-0.049, 0.029)
-0.019 (-0.073, 0.036)

-0.017 (-0.122, 0.089)
-0.011 (-0.081, 0.059)
-0.020 (-0.153, 0.112)

-0.016 (-0.109, 0.078)
-0.010 (-0.073, 0.052)
-0.015 (-0.135, 0.105)

-0.015 (-0.126, 0.096)
-0.010 (-0.084, 0.064)
-0.014 (-0.149, 0.121)

Age

Gender (Male vs. Female)
Distance nearest industry
Distance nearest sec rd
Pet(s) in home (Y vs. N)
No. of people in home
Smoker in home (Y vs. N)

Poverty to income ratio
Fruit/Veggie consumption

Min/week physical activity
BMI percentile
Season (Other vs. winter)

Urbanicity (urban vs. rural)

0.008 (0.005, 0.011)
0.034 (-0.011, 0.078)

0.008 (0.005, 0.011)
0.032 (-0.012, 0.077)
0.00 (-0.001, 0.001)
0.00 (-0.001, 0.001)

0.008 (0.005, 0.011)
0.035 (-0.010, 0.080)
0.00 (-0.001, 0.001)

0.004 (-0.001, 0.008)
0.00 (-0.001, 0.002)

0.009 (0.005, 0.012)
0.035 (-0.010, 0.080)
0.00 (-0.001, 0.001)

0.002 (-0.001, 0.005)

-0.009 (-0.048, 0.030)
0.01 (-0.011, 0.030)
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C13b. Model building - Odds ratio estimates for FEV1/FVC — entire study sample.

Variable

Model 6
OR (95% Cl)

Model 7
OR (95% Cl)

Model 8
OR (95% Cl)

Model 9
OR (95% Cl)

1.5v 6 miles
3 v 6 miles

2 v 10 miles

0.003 (-0.096, 0.102)
0.002 (-0.064, 0.068)
0.007 (-0.125, 0.138)

-0.018 (-0.122, 0.086)
-0.012 (-0.081, 0.057)
-0.017 (-0.147, 0.112)

-0.007 (-0.041, 0.026)
-0.009 (-0.049, 0.032)
-0.015 (-0.073, 0.043)

0.005 (-0.045, 0.054)
0.006 (-0.053, 0.065)
-0.003 (-0.081, 0.076)

Age

Gender (Male vs. Female)
Height

BMI

Distance nearest industry
Distance nearest sec rd
Pet(s) in home (Y vs. N)
No. of people in home
Smoker in home (Y vs. N)
Poverty to income ratio
Fruit/Veggie consumption
Min/week physical activity
asthma med use

Season (Other vs. winter)

0.008 (0.006, 0.011)
0.034 (-0.015, 0.083)
0.00 (-0.001, 0.001)

0.002 (-0.002, 0.006)

0.038 (-0.050, 0.126)
-0.001 (-0.014, 0.012)

0.008 (0.004, 0.013)
0.031 (-0.016, 0.077)
0.00 (-0.001, 0.001)

0.002 (0, 0.005)

0.001 (-0.017, 0.019)
0.00 (-0.001, 0.001)

0.008 (0.001, 0.015)
0.035 (-0.008, 0.077)
0.00 (-0.001, 0.001)

0.002 (-0.003, 0.006)

-0.014 (-0.080, 0.052)
0.022 (-0.021, 0.065)

0.008 (-0.001, 0.015)
0.034 (-0.010, 0.078)
0.00 (-0.001, 0.001)

0.001 (-0.003, 0.005)

0.009 (-0.009, 0.027)
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Appendix D: Figures
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Figure D1. Unadjusted cubic splines of log (Erelative) on the x-axis and the log odds of asthma
outcomes (y axis); and linear predictor (y axis) of FEV1 / FVC ratio.
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Appendix D: Tables



Table D1. Summary of exposure metrics and prevalence of asthma outcomes by quartiles and percentile ranges of Log(E:clative)

Mean Values by Percentile
ranges of high relative exposure
to log (Erelative)
RELATIVE EXPOSURE METRICS Range 75-100"  50-75"  25-50%  (Q-25% 90-100th 80-90th  70-80th

Mean Values by Quartiles of
log (Erelative)

Residential distance to nearest CAFO

. . 0.45-36.5 4.4 8.2 12.3 25.6

(in miles) 3.68 4.54 7.33
Animal Units at nearest CAFO to

home (# animal units) 420-10,638 3008 2409 1734 1548 4121 2109 2436
Percent of time wind blows from

nearest CAFO to home (%) 2.4-30.6 18.2 17.6 157 20 19.4 16.9 20.8
Percent of time wind blows <9mi/h

from nearest CAFO to home (%) 2.4-26.8 13.8 123 111 13.9 14.7 12.8 16.8
Number of CAFOs within 5 miles of 1-10 175 1 1 1

home (count) 2.58 1.29 1.05
Number of CAFOs within 5 miles of 1-14

school (count) 1.83 1 1 1 2.89 1.21 1.03
School distance to nearest CAFO

(in miles) 0.42-37.8 4.9 7.9 13.1 25 4.23 5.34 7
ASTHMA OUTCOMES Total 75-100" 50-75%  25-50t 0-25% 90-100th  80-90th 70-80th
Asthma ever 116 31 22 25 38 17 10 12
Current asthma 72 18 12 16 26 9 6 8
Wheezing 71 17 12 16 26 9 6 7
Asthma meds 53 12 11 11 19 7 3 7
Asthma Episode 39 6 7 10 16 4 1 3
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Table D2. Odds Ratio (OR) of asthma outcomes by residential distance to the nearest CAFO. Table displays results from main study sample

(n=536)
Current Asthma? Doctor Diagnosed Asthma Wheezing in last 12 months Astl.lma medication use Asthma attack in
in last 3 months last 12 months
Percentiles Unadjusted Adjusted OR Unadjusted Adjusted OR Unadjusted Adjusted OR®  Unadjusted Adjusted O° Unadjusted Adjusted O"
compared: OR (95%CI)) (95%CI) OR (95%CI) (95%CI) OR (95%CI)) (95%CI) OR (95%CI) (95%CI) OR (95%CI) (95%CI)
95th vs 85th | 1.02(0.72,1.43) 1.21(0.85, 1.73) 1.36(1.02, 1.81) 1.51(1.11, 2.06) 1.28(0.93, 1.76) 1.47 (1.07, 2.01) 1.23(0.94,1.63) 1.20(0.81, 1.79) 1.31(0.99, 1.74) 1.07 (0.56, 2.04)
95th vs 80th | 1.02 (0.64, 1.63) 1.30(0.80, 2.09) 1.52(1.03, 2.23) 1.75(1.15, 2.66) 1.40(0.91, 2.15) 1.68(1.09, 2.57) 1.33(0.91,1.94) 1.29(0.75, 2.20) 1.45(0.99, 2.12) 1.09 (0.46, 2.63)

95th vs 75th
95th vs 50th
95th vs 25th
95th vs 20th
95th vs 15th

90th vs 80th
90th vs 75th
90th vs 50th
90th vs 25th
90th vs 20th
90th vs 15th

85th vs 75th
85th vs 50th
85th vs 25th
85th vs 20th
85th vs 15th

1.02 (0.61, 1.71)
1.12 (0.58, 2.14)
0.88(0.43, 1.82)
0.88(0.43, 1.82)
0.81(0.40, 1.67)

1.01 (0.79, 1.30)
1.01(0.75, 1.37)
1.11 (0.66, 1.85)
0.87(0.45, 1.70)
0.87(0.45, 1.70)
0.81(0.42, 1.55)

1.01 (0.85, 1.19)
1.10(0.69, 1.74)
0.87(0.45, 1.68)
0.87(0.45, 1.68)
0.80(0.42, 1.52)

1.33(0.78, 2.26)
1.29 (0.67, 2.50)
0.90(0.42, 1.94)
0.90(0.42, 1.94)
0.86 (0.40, 1.84)

1.15(0.89, 1.50)
1.18 (0.87, 1.62)
1.15(0.69, 1.92)
0.80(0.39, 1.64)
0.80(0.39, 1.64)
0.76 (0.38, 1.55)

1.10(0.92, 1.31)
1.07 (0.68, 1.68)
0.75(0.37,1.52)
0.75(0.37,1.52)
0.71(0.35, 1.44)

1.59 (1.04, 2.42)
1.86 (1.12, 3.09)
1.38(0.79, 2.41)
1.38(0.79, 2.41)
1.29 (0.75, 2.22)

1.26 (1.02, 1.55)
1.31(1.02, 1.68)
1.54 (1.03, 2.31)
1.14 (0.67, 1.95)
1.14 (0.67, 1.95)
1.07 (0.64, 1.78)

1.17 (1.01, 1.34)
1.37(0.95, 1.98)
1.01 (0.59, 1.75)
1.01 (0.59, 1.75)
0.95 (0.56, 1.60)

1.85 (1.16, 2.95)
1.93 (1.15, 3.24)
1.23(0.69, 2.21)
1.23(0.69, 2.21)
1.17 (0.65, 2.08)

1.36 (1.08, 1.71)
1.44 (1.09, 1.89)
1.50 (1.01, 2.23)
0.96 (0.54, 1.68)
0.96 (0.54, 1.68)
0.9(0.52,1.57)

1.23 (1.05, 1.43)
1.28 (0.89, 1.83)
0.82(0.45, 1.47)
0.82(0.45, 1.47)
0.77 (0.44, 1.37)

1.45 (0.90, 2.33)
1.14 (0.69, 1.87)
0.89(0.55, 1.42)
0.89(0.55, 1.42)
0.93 (0.60, 1.43)

1.20(0.95, 1.52)
1.24 (0.94, 1.64)
0.97 (0.67, 1.41)
0.76 (0.47, 1.24)
0.76 (0.47, 1.24)
0.79 (0.50, 1.25)

1.13(0.97, 1.32)
0.89 (0.64, 1.23)
0.69 (0.41, 1.18)
0.69 (0.41, 1.18)
0.72 (0.43, 1.20)

1.77 (1.10, 2.84)
1.35(0.74, 2.44)
0.96 (0.52, 1.79)
0.96 (0.52, 1.79)
1.02 (0.57, 1.84)

1.33 (1.05, 1.68)
1.40 (1.06, 1.85)
1.06 (0.67, 1.69)
0.76 (0.41, 1.41)
0.76 (0.41, 1.41)
0.81(0.45, 1.46)

1.21(1.03, 1.41)
0.92 (0.61, 1.37)
0.66 (0.35, 1.25)
0.66 (0.35, 1.25)
0.70(0.37,1.31)

1.37 (0.91, 2.07)
1.32(0.80, 2.19)
1.04 (0.54, 2.01)
1.04 (0.54, 2.01)
1.02 (0.53, 1.97)

1.17 (0.95, 1.43)
1.20(0.94, 1.54)
1.16 (0.76, 1.78)
0.91(0.47,1.78)
0.91(0.47,1.78)
0.90 (0.46, 1.74)

1.11(0.97, 1.27)
1.07 (0.71, 1.61)
0.84(0.42, 1.69)
0.84(0.42, 1.69)
0.83(0.42, 1.64)

1.32(0.73, 2.38)
1.07 (0.55, 2.07)
0.84(0.38, 1.85)
0.84 (0.38, 1.85)
0.86 (0.39, 1.94)

1.15 (0.86, 1.54)
1.18(0.83, 1.67)
0.95(0.58, 1.57)
0.75 (0.35, 1.60)
0.75 (0.35, 1.60)
0.77 (0.36, 1.66)

1.10(0.90, 1.33)
0.89(0.57,1.37)
0.70(0.32, 1.51)
0.70(0.32, 1.51)
0.72(0.33,1.57)

1.50 (0.99, 2.29)
1.25(0.64, 2.42)
0.71(0.39, 1.29)
0.71(0.39, 1.29)
0.68 (0.40, 1.15)

1.22(0.99, 1.51)
1.27 (0.99, 1.63)
1.06 (0.60, 1.85)
0.60(0.35, 1.03)
0.60 (0.35, 1.03)
0.57(0.36, 0.91)

1.14 (1.00, 1.32)
0.95 (0.56, 1.60)
0.54 (0.32,0.92)
0.54 (0.32,0.92)
0.51(0.33,0.81)

1.10(0.42, 2.90)
0.75(0.26, 2.18)
0.45 (0.19, 1.04)
0.45 (0.19, 1.04)
0.44 (0.19, 1.04)

1.05 (0.65, 1.69)
1.06 (0.60, 1.87)
0.72(0.35, 1.48)
0.43(0.23, 0.80)
0.43(0.23, 0.80)
0.43(0.23,0.79)

1.03 (0.75, 1.42)
0.71(0.41, 1.21)
0.42 (0.24,0.75)
0.42 (0.24,0.75)
0.42 (0.24, 0.74)

CAFO: concentrated animal feeding operation; v: verses; OR: odds ratio; CI: confidence interval;
bAdjusted for gender, age, poverty to income ratio, distance to industry, number of people in the home
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Table D3a. Odds ratio estimates for doctor diagnosed asthma by percentile comparison of LogEelative — results from several

models.

Variable

Model 1
OR (95% Cl)

Model 2
OR (95% Cl)

Model 3
OR (95% Cl)

Model 4
OR (95% Cl)

Model 5
OR (95% Cl)

Model 6
OR (95% Cl)

Model 7
OR (95% Cl)

Model 8
OR (95% Cl)

90 vs. 80t log(Erelative)
90 vs. 75t log(Erelative)
90t vs. 50t log(Erelative)

1.26 (1.02, 1.55)
1.31(1.02, 1.68)
1.54 (1.03, 2.31)

1.27 (1.04, 1.55)
1.39 (1.06, 1.82)
1.77 (1.14, 2.75)

1.24 (1.02, 1.51)
1.35(1.03, 1.77)
1.49 (0.96, 2.33)

1.28 (1.04, 1.57)
1.40 (1.05, 1.86)
1.52 (0.97, 2.38)

1.36 (1.06, 1.74)
1.52 (1.08, 2.14)
1.64 (0.98, 2.75)

1.23 (1.01, 1.50)
1.28 (1.01, 1.62)
1.45 (0.96, 2.19)

1.23 (1.00, 1.58)
1.28 (0.98,1.72)
1.42 (0.96, 2.14)

1.36 (1.08, 1.71)
1.44 (1.09, 1.89)
1.50 (1.01, 2.23)

Age

Gender (Male vs. Female)
Distance nearest industry
Distance nearest pri rd
Pet(s) in home (Y vs. N)
No. of people in home
Smoker in home (Y vs. N)

Poverty to income ratio
Fruit/Veggie consumption

Min/week physical activity
BMI percentile

Season (Other vs. winter)
Urbanicity (urban vs. rural)

1.16 (1.07, 1.25)
1.17 (0.75, 1.84)

1.16 (1.07, 1.26)
1.23 (0.78, 1.95)
0.94 (0.86, 1.02)
1.00 (0.99, 1.01)

1.16 (1.07, 1.25)
1.24 (0.78, 1.96)
0.92 (0.86, 0.99)

1.14 (0.64, 2.04)
0.83 (0.70, 0.99)

1.15 (1.06, 1.26)
1.25 (0.78, 2.03)
0.92 (0.85, 1.00)

0.86 (0.72, 1.01)
1.53 (0.82, 2.85)
1.11(0.97, 1.26)

1.17 (1.05, 1.29)
1.21(0.83, 1.75)
0.91 (0.85, 0.98)

0.9 (0.78, 1.05)
1.00 (0.98, 1.01)
1.01 (1.00, 1.02)

1.16 (1.07, 1.27)
1.21(0.88, 1.66)
0.93 (0.81, 1.06)

1.01 (0.58, 1.75)
0.92 (0.26, 3.19)

1.14 (1.04, 1.26)
1.28 (0.90, 1.82)
0.92 (0.86, 0.99)

0.81(0.72, 0.92)

1.05 (0.96, 1.15)
1.36 (1.08, 1.71)
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Table D3b. Odds ratio estimates for wheezing in the last 12 months by percentile comparison of LogEclative — results from

several models.

Variable

Model 1
OR (95% Cl)

Model 2
OR (95% Cl)

Model 3
OR (95% Cl)

Model 4
OR (95% Cl)

Model 5
OR (95% Cl)

Model 6
OR (95% Cl)

Model 7
OR (95% Cl)

Model 8
OR (95% Cl)

90t vs. 80t log(Erelative)
90 vs. 75t log(Erelative)
90t vs. 50" log(Erelative)

1.20 (0.95, 1.52)
1.24 (0.94, 1.64)
0.97 (0.67, 1.41)

1.20 (0.88, 1.64)
1.28 (0.83, 1.97)
1.01 (0.56, 1.79)

1.18 (0.85, 1.63)
1.25 (0.80, 1.96)
0.88 (0.49, 1.59)

1.19 (0.85, 1.66)
1.27 (0.8, 2.01)
0.90 (0.48, 1.69)

1.34 (1.04, 1.73)
1.42 (1.04, 1.92)
1.03 (0.65, 1.65)

1.16 (0.94, 1.43)
1.19 (0.93, 1.53)
0.88 (0.64, 1.21)

1.17 (0.94, 1.46)
1.20(0.92, 1.57)
0.87 (0.60, 1.25)

1.33 (1.05, 1.68)
1.40 (1.06, 1.85)
1.06 (0.67, 1.69)

Age

Gender (Male vs. Female)
Distance nearest industry
Distance nearest sec rd
Pet(s) in home (Y vs. N)
No. of people in home
Smoker in home (Y vs. N)

Poverty to income ratio
Fruit/Veggie consumption

Min/week physical activity
BMI percentile

Season (Other vs. winter)
Urbanicity (urban vs. rural)

1.12 (1.00, 1.25)
0.85 (0.47, 1.54)

1.12 (0.99, 1.26)
0.92 (0.50, 1.67)
0.96 (0.89, 1.03)
1.00 (.099, 1.01)

1.12 (0.99, 1.26)
0.92 (0.51, 1.67)
0.92 (0.86, 0.99)

0.97 (0.44, 2.15)
0.95 (0.78, 1.15)

1.12 (0.98, 1.27)
1.00 (0.51, 1.97)
0.93 (0.86, 1.00)

0.96 (0.33, 2.75)
1.00 (0.87, 1.15)

1.11(0.96, 1.3)
0.84 (0.39, 1.84)
0.91 (0.84, 1.00)

0.89 (0.67, 1.18)
1.00 (0.99, 1.01)
1.01 (0.99, 1.02)

1.13 (1.01, 1.26)
0.87 (0.39, 1.93)
0.94 (0.83, 1.06)

1.22 (0.51, 2.89)
0.79 (0.37, 1.70)

1.12 (0.98, 1.27)

1.00 (0.51, 1.97)

0.93 (0.86, 1.00)

0.93(0.73, 1.19)

0.97 (0.88, 1.07)
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Table D3c. Odds ratio estimates for asthma medication use in the last 3 months by percentile comparison of LogE:ctative —
results from several models.

Variable

Model 1
OR (95% Cl)

Model 2
OR (95% Cl)

Model 3
OR (95% Cl)

Model 4
OR (95% Cl)

Model 5
OR (95% Cl)

Model 6
OR (95% Cl)

Model 7
OR (95% Cl)

Model 8
OR (95% Cl)

90t vs. 80t log(Erelative)
90t vs. 75t log(Erelative)
90t vs. 50" log(Erelative)

1.17 (0.95, 1.43)
1.20 (0.94, 1.54)
1.16 (0.76, 1.78)

1.19 (0.95, 1.49)
1.27 (0.93, 1.73)
1.23 (0.75, 2.02)

1.16 (0.91, 1.48)
1.22 (0.87,1.72)
0.99 (0.60, 1.65)

1.15 (0.89, 1.47)
1.21 (0.85, 1.70)
1.08 (0.58, 2.00)

1.12 (0.82, 1.53)
1.18 (0.77, 1.80)
1.03 (0.53, 1.99)

1.13 (0.90, 1.42)
1.18 (0.86, 1.63)
1.00 (0.61, 1.64)

1.12 (0.89, 1.42)
1.18 (0.86, 1.61)
0.96 (0.59, 1.55)

1.15 (0.86, 1.54)
1.18 (0.83, 1.67)
0.95 (0.58, 1.57)

Age

Gender (Male vs. Female)
Distance nearest industry
Distance nearest sec rd
Pet(s) in home (Y vs. N)
No. of people in home
Smoker in home (Y vs. N)

Poverty to income ratio
Fruit/Veggie consumption

Min/week physical activity
BMI percentile

Season (Other vs. winter)
Urbanicity (urban vs. rural)

1.06 (0.95, 1.19)
1.39 (0.71, 2.72)

1.05 (0.94, 1.18)
1.49 (0.75, 2.96)
0.91(0.83, 1.01)
1.00 (0.99, 1.00)

1.05 (0.94, 1.18)
1.50 (0.76, 2.97)
0.86 (0.78, 0.95)

1.24 (0.57, 2.70)
0.93 (0.76, 1.13)

1.07 (0.93, 1.23)
1.36 (0.62, 2.99)
0.88 (0.80, 0.97)

1.26 (0.48, 3.32)
1.05 (0.88, 1.24)

1.06 (0.93, 1.20)
1.48 (0.72, 3.01)
0.86 (0.78, 0.94)

0.91 (0.75, 1.09)
1.00 (0.99, 1.01)
1.01 (1.00, 1.02)

1.07 (0.95, 1.20)
1.46 (0.73, 2.91)
0.88 (0.79, 0.97)

0.84 (0.45, 1.59)
0.81(0.36, 1.82)

1.09 (0.96, 1.25)
1.37 (0.64, 2.94)
0.88 (0.80, 0.97)

0.89(0.69, 1.15)

S0¢



Table D3d. Change in FEV1/FVC ratio by percentile comparison of LogErelative — results from several models.

Variable

Model 1
OR (95% Cl)

Model 2
OR (95% Cl)

Model 3
OR (95% Cl)

Model 4
OR (95% Cl)

Model 5
OR (95% Cl)

90t vs. 80t log(Erelative)
90thvs. 75t log(Erelative)
90t vs. 50t log(Erelative)

-0.006 (-0.046, 0.035)
-0.007 (-0.055, 0.041)
-0.019 (-0.067, 0.028)

-0.009 (-0.042, 0.025)
-0.012 (-0.057, 0.034)
-0.023 (-0.085, 0.039)

-0.008 (-0.04, 0.024)
-0.010 (-0.048, 0.028)
-0.019 (-0.069, 0.032)

-0.006 (-0.040, 0.027)
-0.008 (-0.048, 0.032)
-0.017 (-0.057, 0.023)

-0.007 (-0.050, 0.036)
-0.008 (-0.060, 0.043)
-0.016 (-0.065, 0.033)

Age

Gender (Male vs. Female)
Distance nearest industry
Distance nearest sec rd

Pet(s) in home (Y vs. N)
No. of people in home
Smoker in home (Y vs. N)
Poverty to income ratio

Fruit/Veggie consumption
Min/week physical activity
BMI percentile

Season (Other vs. winter)
Urbanicity (urban vs. rural)

0.008 (0.002, 0.015)
-0.034 (-0.067, -0.001)

0.008 (0.002, 0.015)
-0.033 (-0.066, 0.00)
0.00 (-0.001, 0.001)
0.00 (-0.001, 0.001)

0.008 (0.005, 0.011)
0.035 (-0.010, 0.08)
0.00 (-0.001, 0.001)

0.004 (0.00, 0.008)
0.00 (0.001, 0.002)

0.009 (0.005, 0.012)
0.035 (-0.01, 0.08)
0.00(-0.001, 0.001)

0.002 (-0.001, 0.005)

-0.009 (-0.048, 0.030)
0.009 (-0.012, 0.030)
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Table D3d continued. Change in FEV1/FVC ratio by percentile comparison of LogE:ciative — results from several models

Variable

Model 6
OR (95% Cl)

Model 7
OR (95% Cl)

Model 8
OR (95% Cl)

Model 9
OR (95% Cl)

90thvs. 80t log(Erelative)
90t vs. 75t log(Erelative)
90t vs. 50t log(Erelative)

0.005 (-0.036, 0.047)
0.006 (-0.043, 0.056)
-0.001 (-0.05, 0.048)

-0.008 (-0.046, 0.031)
-0.009 (-0.055, 0.037)
-0.015 (-0.058, 0.027)

-0.007 (-0.046, 0.031)
-0.009 (-0.055, 0.037)
-0.015 (-0.057, 0.027)

0.005 (-0.039, 0.049)
0.006 (-0.047, 0.059)
-0.003 (-0.054, 0.049)

Age

Gender (Male vs. Female)
Height

BMI

Distance nearest industry
Distance nearest sec rd
Pet(s) in home (Y vs. N)
No. of people in home
Smoker in home (Y vs. N)
Poverty to income ratio
Fruit/Veggie consumption
Min/week physical activity
asthma med use

Season (Other vs. winter)

0.008 (0.006, 0.011)
0.034 (-0.015, 0.083)
0.00 (-0.001, 0.001)

0.002 (-0.002, 0.006)

0.036 (-0.057, 0.129)
-0.001 (-0.015, 0.012)

0.008 (0.004, 0.013)
0.031 (-0.016, 0.077)
0.00 (-0.001, 0.001)

0.002 (0.00, 0.005)

0.001 (-0.017, 0.019)
0.00 (0.001, 0.002)

0.008 (0.001, 0.015)
0.035 (-0.008, 0.077)
0.00 (-0.001, 0.001)

0.002 (-0.003, 0.006)

-0.014 (-0.080, 0.052)
0.022 (-0.021, 0.065)

0.008 (0.00, 0.015)
0.034 (-0.010, 0.078)
0.00 (-0.001, 0.001)

0.001 (-0.003, 0.005)

0.009 (-0.013, 0.031)
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Table D4. Change in lung function by residential distance to the nearest CAFO. Table displays results from main study sample

(n=496)

Percentiles
compared:

FEV1 (Liters)

Unadjusted p
(95%CI)

Adjusted p*
(95%CI)

FVC (Liters/second)

Unadjusted p
(95%CI)

Adjusted p*
(95%CI)

FEV1 % PRD

Unadjusted p
(95%CI)

Adjusted p*
(95%CI)

FEV1/FVC

Unadjusted p
(95%CI)

Adjusted p?
(95%CI)

95th vs 85th
95th vs 80th
95th vs 75th
95th vs 50th
95th vs 25th
95th vs 20th
95th vs 15th

90th vs 80th
90th vs 75th
90th vs 50th
90th vs 25th
90th vs 20th
90th vs 15th

85th vs 75th
85th vs 50th
85th vs 25th
85th vs 20th
85th vs 15th

0.053 (-0.068, 0.174)
0.072 (-0.092, 0.236)
0.079 (-0.102, 0.261)
-0.009 (-0.279, 0.262)
0.00 (-0.295, 0.295)
0.00 (-0.295, 0.295)

0.032 (-0.251, 0.314)

0.039 (-0.05, 0.129)
0.047 (-0.06, 0.153)
-0.041 (-0.276, 0.193)
-0.033 (-0.300, 0.235)
-0.033 (-0.300, 0.235)

-0.001 (-0.249, 0.247)

0.026 (-0.034, 0.086)
-0.062 (-0.284, 0.160)
-0.053 (-0.313, 0.206)
-0.053 (-0.313, 0.206)

-0.021 (-0.257, 0.214)

0.047 (-0.102, 0.196)
0.064 (-0.139, 0.266)
0.070 (-0.153, 0.294)
0.022 (-0.168, 0.212)
-0.003 (-0.158, 0.153)
-0.003 (-0.158, 0.153)

0.013 (-0.141, 0.167)

0.035 (-0.076, 0.145)
0.041 (-0.090, 0.173)
-0.007 (-0.126, 0.112)
-0.031 (-0.187, 0.125)
-0.031 (-0.187, 0.125)

-0.016 (-0.163, 0.131)

0.023 (-0.051, 0.097)
-0.025 (-0.120, 0.070)
-0.049 (-0.231, 0.132)
-0.049 (-0.231, 0.132)

-0.034 (-0.204, 0.136)

0.143 (-0.11, 0.396)

0.194 (-0.149, 0.536)
0.214 (-0.164, 0.593)
0.245 (-0.108, 0.598)
0.280 (-0.046, 0.606)
0.280 (-0.046, 0.606)

0.303 (-0.025, 0.631)

0.106 (-0.081, 0.293)
0.126 (-0.097, 0.349)
0.157 (-0.11, 0.424)

0.192 (-0.086, 0.407)
0.192 (-0.086, 0.470)

0.215 (-0.036, 0.466)

0.071 (-0.054, 0.197)
0.102 (-0.149, 0.352)
0.137 (-0.153, 0.427)
0.137 (-0.153, 0.427)

0.160 (-0.085, 0.405)

0.084 (-0.457, 0.625)
0.114 (-0.618, 0.846)
0.126 (-0.683, 0.935)
0.192 (-0.525, 0.91)

0.253 (-0.281, 0.787)
0.253 (-0.281, 0.787)

0.265 (-0.337, 0.867)

0.062 (-0.337, 0.462)
0.074 (-0.402, 0.551)
0.141 (-0.257, 0.539)
0.202 (-0.061, 0.464)
0.202 (-0.061, 0.464)

0.213 (-0.102, 0.529)

0.042 (-0.227, 0.31)
0.108 (-0.11, 0.327)
0.169 (-0.047, 0.385)
0.169 (-0.047, 0.385)

0.181 (-0.037, 0.399)

0.126 (-0.029, 0.281)
0.17 (-0.04, 0.380)
0.188 (-0.044, 0.42)
0.135 (-0.154, 0.424)
0.088 (-0.214, 0.390)
0.088 (-0.214, 0.390)

0.114(-0.187, 0.415)

0.093 (-0.022, 0.208)
0.111 (-0.026, 0.247)
0.058 (-0.152, 0.267)
0.011 (-0.233, 0.254)
0.011 (-0.233, 0.254)

0.037 (-0.201, 0.275)

0.062 (-0.015, 0.139)
0.009 (-0.159, 0.177)
-0.038 (-0.258, 0.183)
-0.038 (-0.258, 0.183)

-0.012 (-0.223, 0.199)

0.148 (-0.043, 0.338)
0.200 (-0.058, 0.458)
0.221 (-0.064, 0.506)
0.212 (-0.120, 0.543)
0.118 (-0.140, 0.377)
0.118 (-0.140, 0.377)

0.128 (-0.135, 0.391)

0.109 (-0.032, 0.250)
0.130 (-0.038, 0.298)
0.121 (-0.095, 0.337)
0.027 (-0.122, 0.177)
0.027 (-0.122, 0.177)

0.037 (-0.116, 0.190)

0.073 (-0.021, 0.168)
0.064 (-0.081, 0.208)
-0.029 (-0.122, 0.063)
-0.029 (-0.122, 0.063)

-0.020 (-0.114, 0.074)

-0.008 (-0.063, 0.047)
-0.011 (-0.085, 0.063)
-0.012 (-0.094, 0.07)
-0.024 (-0.103, 0.055)
-0.023 (-0.095, 0.05)
-0.023 (-0.095, 0.05)

-0.021 (-0.098, 0.057)

-0.006 (-0.046, 0.035)
-0.007 (-0.055, 0.041)
-0.019 (-0.067, 0.028)
-0.018 (-0.065, 0.029)
-0.018 (-0.065, 0.029)

-0.016 (-0.067, 0.035)

-0.004 (-0.031, 0.023)
-0.016 (-0.047, 0.015)
-0.015 (-0.053, 0.023)
-0.015 (-0.053, 0.023)

-0.013 (-0.052, 0.027)

0.007 (-0.053, 0.067)
0.009 (-0.072, 0.09)
0.010 (-0.08, 0.100)
0.001 (-0.085, 0.088)
-0.011 (-0.084, 0.062)
-0.011 (-0.084, 0.062)

-0.011 (-0.091, 0.069)

0.005 (-0.039, 0.049)
0.006 (-0.047, 0.059)
-0.003 (-0.054, 0.049)
-0.015 (-0.058, 0.028)
-0.015 (-0.058, 0.028)

-0.015 (-0.063, 0.033)

0.003 (-0.027, 0.033)
-0.005 (-0.037, 0.026)
-0.018 (-0.050, 0.014)
-0.018 (-0.050, 0.014)

-0.017 (-0.051, 0.017)

80¢




Table D5. Number of study participants who live and/or attend school by distance to the nearest CAFO.

From Home From From Home From Home only OR
Distance to nearest CAFO only School only ~ AND School School only
<=1 miles (1.6 km) 8 20 1 28
<= 1.5 miles (2.4 km) 14 18 8 32
<=2 miles (3.2 km) 20 18 9 38
<= 2.5 miles (4.0 km) 15 28 23 43
<=3 miles (4.8 km) 14 35 32 49
<= 4 miles (6.4 km) 21 29 56 50
<=5 miles (8.0 km) 22 39 72 61

60¢
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Table D6. Model fit comparisons for physician diagnosed and current asthma regressed on log(Erelative2)
presented in the main analyses, distance to the nearest CAFO, and components of the log(Erelative2). All
models are adjusted for age, gender, distance to industry, number of people in the home, and poverty to

income ratio.

ASTHMA EVER

Relative Exposure Metric:

AIC

BIC

d

n
lo Zu
oY)

i=1
09 —~72 *Ds;
dg®,

i=1

lOg (ERelativel) = lOg
lOg (ERelativez) = lOg

log (i d”"z )

i=1 R i

CURRENT ASTHMA

Relative Exposure Metric:

.>*0.85] ;

u.
— pwl> * 0. 15]
i

370.07

373.63

374.37

374.83

375.02

375.76

AIC

416.44

420

420.73

421.2

421.39

422.12

SC

d

0 — P
g 0, Ds;

i=1

0g _z*pwi
i=1 dr”;

fog (i du;)

i=1 R i

lOg (ERelativ81 lOg [(

lOg (ERelativez lOg [(

* pwl> * 0.85] +

Z =
*
ds l Pw;

u.
; * pg; | ¥ 0.15
= ds .

~

285.5

291.56

291.82

291.99

292.07

292.15

331.8

337.86

338.12

338.29

338.37

338.44
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Table D7. Model fit comparisons for wheezing and asthma medication use regressed on log(Erelative;)
presented in the main analyses, distance to the nearest CAFO, and components of the log(Erelative,). All
models are adjusted for age, gender, distance to industry, number of people in the home, and poverty to
income ratio.

WHEEZING
Relative Exposure AIC SC
d 26798 31435
log Z—z*psl. 27857 324.93
a2
i=1 i
n
U;
log (Z—z*pwi> 27871 325.08
Lid?
i=1 i
n n
U; U;
109 (Eretative,) = log [(zd 3 *pwl.>*0.85] + (Zd_z*p‘”i>*0'1sl 27954 325.9
i=1 R i home i=1 S i school
n n
Uu; U;
109 (Eretative,) = 10g [(Zd—z*psi>*o.ssl + (Zd—z*psi>*o.1sl 280.65  327.01
i=1 R home =15 i school
n
U;
log (Z 2) 280.84 3272
Lid?
i=1 i
ASTHMA MEDS
Relative Exposure AIC SC
d 2133 26772
log Z—z*psl. 230 2764
i=1 dr”;

n
u.
log (Zd—é . pwi> 230.17  276.57

i=1 R i

n U n U
109 (Eretative,) = l0g Zd—z*psl. «0.85 + Zd—z*psl. «0.15 B1I3 27753
=1 R i home i=1 S i school

n n
Ui Ui
10g(Egetative,) = log [(Z—Z*pwl.)*OBS] + (Z—z*pwi>*0.1sl 23122 277.62
i=1 dr’; n i=1 ds”;
ome school

n
u.
log (Z — ) 23159 277.99

i=1 R i
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Table D8. Model fit comparisons for FEV1 / FVC u regressed on log(Erelative2) presented in the main
analyses, distance to the nearest CAFO, and components of the log(Erelative2). All models are adjusted
for age, gender, height, distance to industry, number of people in the home, and poverty to income ratio.

FEV1/FVC
Relative Exposure RMSE
n n
Uu; U;
log (ERelatiUEZ) = log <[<Z d_z * psi> * O'SSl + (Z d_z * psi) * 0.15] ) 0.21
i=1 R home =15 i school
n n
Uu; U;
log(ERelative1) = lOg ([(Z d 2z * pwi> * 085] + (Zd_z * pwi) * 0'1Sl ) 0.20
i=1 R i home i=1 S i school
n
U;
log (Z — % pwi> 0.20
i=1 dr”;
n
U;
log (Z — % psi> 0.20
i=1 dr”;
n
U;
log (Z : ) 0.19
i=1 dr”;
d 0.18

Variable Definitions:

d = distance to the nearest CAFO in miles
n = total number of CAFOs in Wisconsin
u = total animal units at the i"" CAFO

dy = distance between i CAFO and residence in miles

dg = distance between i CAFO and school in miles

pw = Percentage of time wind blows in the direction from i"" CAFO to the residence (or school)

ps = Percentage of time wind blows < 9 mph (4 m/s) in the direction from i"® CAFO to the

residence (or school)
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Methods for Linking Wind Data to SHOW participants:

DATA DOWNLOAD:

e Data was downloaded from here:
http://mesonet.agron.iastate.edu/request/download.phtml|?network=WI| ASOS

e The Automated Surface Observing System (ASOS) data for the state of Wisconsin was
downloaded.

ABOUT ASOS:

The ASOS is considered to be the flagship automated observing network. Located at airports, the ASOS
stations provide essential observations for the National Weather Service (NWS), the Federal Aviation
Administration (FAA), and the Department of Defense (DOD). The primary function of the ASOS stations
are to take minute-by-minute observations and generate basic weather reports. Observations from the
ASOS network are nationally monitored for quality 24 hours per day.

e There are 69 stations located in Wisconsin. The follow data were downloaded for the years
2007-2017 for all 69 stations (over 6 million records in long format):
o Wind direction (in degrees 0-360), wind speed (mph)
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L]
L]
° ' g
® L N
® o
e N "= ¢ B
3 1@ o % o &
Minneapaolis *e _ ‘ o ® 0
P » P £
Ruch_e':Ler = ® ® B'a:‘f"
2 “ ® 9 Gra
4 ® % o9 eMilgukee R3p

® Madison ®
[ ] ® _. ‘E#ha

Kalamazoo


http://mesonet.agron.iastate.edu/request/download.phtml?network=WI_ASOS
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PREPPING THE WIND DATA FOR MERGE:

1. Wind direction is defined as the direction the wind originated from
2. Wind direction is provided in degrees 0-360 relative to true north, where 0=N, 90 =E, 180 =S,

270 =W.

3. Derived variable called “Direction” was created defined by the following 8 rose compass
directions:
o N >=3400r<=20

NE >=30and<=60

E >=70and<=110

SE >=120and <=150

S >=160and<=200

SW >=210and <= 240

W >=250and <=290

NW >=300 and <= 330

O O O 0O 0O 0O ©

4. Derived variable called “Wind Speed” was created defined by
o 1 if<=8.94775 miles per hour (or 4 meters / second)
o 2 if>8.94775 miles per hour (or 4 meters / second)

5. Calculated the total number of minutes per year wind blows, grouped by year, station and
direction. Resulting in variable “sum_obs_winddir_stationyr” where every station has a 8
unique values (the 8 different directions) for every year 2007-2017.



6.
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Derived variable “Percent time wind blows” was created:
(“sum_obs_winddir_stationyr” / total # minutes data collected that year at that station)* 100

Calculated the total number of minutes wind blows less than 4m/s, grouped by year, station and
direction. Resulting in variable “sum_obs_winddir_spd_stationyr” where every station has 8
unique values (the 8 different directions) for every year 2007-2017.

Derived variable “Percent time wind blows under 4m/s” was created
(“sum_obs_winddir_spd_stationyr” / total # minutes data collected that year at that station)*
100

Kept dataset in long format, removed duplicate records based on derived variables. Total n =
10,943 records

10. As a wide formatted dataset by the wind derived variable, n = 5487 records

PREPPING THE SHOW HHID AND CAFO DATA FOR MERGE WITH WIND DATA:

1.

In ArcGIS, used the “Analysis Tools -> Proximity -> Generate Near Table” to calculate the
distance and angle from SHOW household to all CAFOs within a 5 mile radius of the home

For those folks who do not live within 5 miles of a CAFO, the “Analysis Tools -> Proximity ->
Near” tool was used to calculate the distance and angle from SHOW home to the nearest CAFO

The angle calculated follows such that 0 =E, 90 =N, W = 180 and -180, S =-90

A new data table field was created and using the field calculator, python script was used to
derive the “Direction” variable to match that of the Wind Data:

def Direction(angle):
if (angle >= 25 and angle < 65):

return "NE"

if (angle >= 65 and angle <115):
return "N"

if (angle >= 115 and angle <155):
return "NW"

if (angle >=155 or angle < -155):
return "W"

if (angle >=-155 and angle <-115):
return "SW"

if (angle >=-115 and angle <-65):
return "S"

if (angle >=-65 and angle <-25):
return "SE"
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if (angle >=-25 and angle <25):
return "E"

Direction(!NEAR_ANGLE!)

5. The angle field in ArcGIS gives the direction the “near” data (CAFO) is relative to the “input” data
(household). The below example would give the degrees of 180 or -180 and therefore give the
direction of “W”. Since the wind data is identified by the direction in which it originates, if we
link the below example to wind data based on the direction “W” for the wind station nearest to
the HHID, we would be linking the % of time wind blows from CAFO to home. — WHICH IS WHAT
WE WANT!

1. o CAFO o HHID

6. A derived variable “Year” was created which is the year prior to the SHOW HHIDs participation
in SHOW.

MERGING DATASETS

o Both the ArcGIS SHOW household CAFO data set and the Wind data set were brought into SAS.
The ArcGlIS dataset was kept in long format since more than one CAFO could be linked to each
home.

o Data were merged based on the following “group by” variables using SQL script:
o Station, year, direction
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