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Friends of Toppenish Creek



Informational Message regarding Asthma in the Yakima Valley

     This message from the Friends of Toppenish Creek concerns respiratory health issues in the Yakima Valley. We believe that the Yakima Regional Clean Air Agency understates problems and mis-informs the public regarding levels of ammonia in the air. 

     On January 7, 2016 a Lower Yakima Valley newspaper, the Review Independent, published a story entitled Study Finds Low Ammonia Emissions at Area Dairies. The same piece was published in the Yakima Business Times. The second paragraph of that article states:

The Yakima Regional Clean Air Agency continues to work on improving air quality with local residents and businesses, including farms. Although research reveals small amounts of ammonia emissions from farms, experts say these emissions are insignificant and do not pose an overall threat to human health.

     There is no way to find the “two-year ammonia emissions monitoring study” and verify the data. No author is listed. After reading the article Larry Fendell, a concerned citizen and longtime resident in the valley, contacted Randy Luvaas, the managing editor for Yakima Valley Publishing. Mr. Fendell asked who did the reporting and investigating. Mr. Luvaas replied that the article was submitted by the Washington Dairy Commission and was vetted and approved by Washington State University and the Yakima Regional Clean Air Agency. 

     The Yakima Regional Clean Air Agency is the authority on air pollution in the valley. This is the only agency with power to address air problems. YRCAA is aware of the Yakima Air Winter Nitrate Study that was recently performed by the Washington State Department of Ecology. YRCAA is aware of the link between ammonia and fine particulate matter and that the county is at risk for non-compliance for this pollutant. YRCAA is aware of the elevated and increasing levels of ammonia in Yakima County that have been documented by the Environmental Protection Agency. YRCAA is aware of the asthma research that has been performed by both John Hopkins University Bloomberg School of Public Health and the University of Washington School of Public Health. 

     On January 13, 2016 citizens attended the monthly board meeting for the Yakima Regional Clean Air Agency. Jean Mendoza explained to the board that most people in the valley get air quality information through the media; that the most reliable source of information should be the agency whose job is protection of the public. When people read this article they will likely believe that there is no danger to their health from ammonia emissions. YRCAA had an opportunity to educate the public about the problem. Instead it appears that YRCAA endorsed a statement absolving the dairy industry of any contribution to the respiratory problems that both adults and children experience in the valley. Mrs. Mendoza asked the board to direct YRCAA staff to address the issue with Yakima Valley Publishing and arrange for a public clarification. Yakima County Commissioner Rand Elliott, acting board chair, state that he would review and consider the request.

      Later during the meeting Hasan Tahat, Environmental Engineer for the agency, defended YRCAA’s actions. He had only read the abstract from the U of W research but he quoted the abstract as though one sentence describing one result outweighed all the rest of the study. The sentence he quoted said, “We observed no associations between self-reported asthma symptoms or medication usage and estimated ammonia exposure.” A key finding that Mr. Tahat neglected was a decrease in pulmonary function for asthmatic children as ammonia levels increased.  

     This is not the first time that YRCAA has accepted one piece of information that is favorable to the dairy industry and ignored large volumes of data that point to public health problems. In 2013 citizens asked for a ban on spreading and spraying manure during inversions and presented over 100 documents to the agency that describe health issues related to CAFO air pollution. The Washington Dairy Commission presented a literature review that ignored most of these studies and supposedly proved no risk to public health. YRCAA sided with the dairy commission. 

     Citizens have complained for twenty years that this agency does not protect the people from air pollution that comes from industrial dairies. Citizens have documented a pattern of behavior in which YRCAA defends polluting industries. The owner of a fertilizer plant that is regulated by YRCAA and was the subject of investigation for air pollution has served on the YRCAA Board of Directors in the past.  A recent addition to the board operates a business that receives significant income from the dairy industry. Citizens from the impacted Lower Yakima Valley have applied to serve on the board and have been rejected.

[bookmark: _GoBack]     We are waiting to learn how the Yakima Regional Clean Air Agency will inform the public about the true risks from ammonia air pollution. And we are sending this information to community leaders who may wish to advocate for the people who live in the Yakima Valley.

     Thank you for reading. More data is available on request.

The Friends of Toppenish Creek

3142 Signal Peak Road                                                                                                                            White Swan, WA 98952

(509) – 874 - 2798
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Study Finds Low Ammonia Emissions at Area Dairies

Improved Cattle feed Credited with Cutting Amounts of Manure

     Air quality in the Yakima Valley gets worse during the winter months, from November to February, when too many residents keep warm with wood burning stoves that, when blended with vehicle emissions, bring significant air-quality challenges.

     The Yakima Regional Clean Air Agency continues to work on improving air quality with local residents and businesses, including farms. Although research reveals small amounts of ammonia emissions from farms, experts say these emissions are insignificant and do not pose an overall threat to public health. 

     Pius Ndgwa, PhD., is an associate professor of biological systems engineering at Washington State University and a nationally recognized expert who was Washington state’s principle investigator in a two-year ammonia emissions monitoring study that involved 15 universities across the U.S., measuring ammonia concentrations in dairy barns and from lagoons.

     Research findings, published in peer reviewed journals, revealed that ammonia emissions were “very low” in the barns and in the immediate air outside the barns. 

     “Our long-term studies indicate concentrations or levels of ammonia in the barns and air outside the dairy barns are significantly below the permissible exposure limits set by the Occupational Safety and Health Administration (OSHA) and National Institute for Occupational Safety Health (NIOSH),” Ndgwa said. “The data indicates that even in the rare event that a farm worker is in a barn for an entire eight-hour shift, there should be little safety or health concern from exposure to ammonia.”

     “In an open dry lot, ammonia concentrations averages approximately 1 parts per million, which is also significantly lower than OSHA and NIOSH levels to trigger any health concerns,” he said. “Other research data indicate that ammonia emissions from field land following surface manure application fall in the same order of magnitude as that in barns or dry lots and much lower if manure is directly injected into the soil – hence the issue of health from these emissions would not be applicable, too. And for those living adjacent to fields where manure nutrients are applied, the concentrations they would receive or perceive are much less because ammonia in the air is dispersed during transport downwind.”

     Although ammonia from dairies have little impact on air quality, Valley dairy farmers are reducing emissions with feed combinations that the cow’s body uses to bur energy, reducing the amount of manure and ammonia emissions. 

     The DeRuyter Brothers Dairy in Outlook, for example, employs two full-time veterinarians who work “cow-side” every day on all aspects of milking cow health, and in consultation  with two professional dairy cow nutritionists for optimal health – and less manure.

     “We have a computerized feed program that is connected from the scale to the feed truck.” Ginny DeRuyter explained. “The computerized (automated) program directs feed staff on how to mix the feed and what amount of each ingredient is needed. Every new feed is tested in the lab for nutritional analysis.”

     The veterinarians and nutritionists develop feed combinations that the cow’s body uses to burn energy, reducing the amount of manure, while providing optimum natural milk production. The DeRuyter dairy operation regularly monitors cow manure emissions for air quality  and, according to the Yakima Regional Clean Air Authority scorecard the DeRuyter farm did very well by not putting feed into the cow that the cow does not need or use. 

     Basic nutrition comes from understanding the cow’s physiology. How the cows digest nutrients in feed results in less manure and ammonia emissions. 

     “The ammonia comes from the manure that is a combination of feces and urine of whatever protein was not used or burned by the cows,” Ndgwa said. “While farmers reduce emissions through feed/nutrition science the amount of ammonia emitted is low and becomes lower the farther away from the barn, field or lagoon.”

[bookmark: _GoBack]     A Yakima Regional Clean Air Agency (YRCAA) task force report on air quality management policy for dairy operations followed farm site visits by YRCAA teams to 61 Valley dairy farms. The agency assessed and evaluated each farm’s Best Management Practices utilization, across eight air pollutants within a diary operation: ammonia (NH3); nitrous oxide (N2O); hydrogen sulfide (H2S); volatile organic compounds (VOC); odor; particulate matter (PM); methane (CH4) and oxides of nitrogen (NOx).

     “We had no issues whatsoever with 85 to 90 percent of the Valley dairy operations where we scheduled site visits, reviewed the BMP checklist and discussed how best to proceed at each farm,” said Yakima Clean Air Agency Director Gary Pruitt. “Our crew presents the facts, explains with dairy farmers what we are up to, and we get buy-in, with several dairy farmers demonstrating innovative practices to improve air quality and reduce odor.”

     “What I know for certain is when one molecule of ammonia reacts with one molecule of nitrate, while two molecules of ammonia are needed for one molecule of sulfate,” Ndgwa concluded, “meaning that even the amount of particulate matter that would be formed in the air from that ammonia would be in similar proportions.”
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ORIGINAL ARTICLE

Ambient Ammonia Exposures in an Agricultural
Community and Pediatric Asthma Morbidity

Christine Loftus,* Michael Yost,® Paul Sampson,© Elizabeth Torres,* Griselda Arias,*
Victoria Breckwich Vasquez, Kris Hartin,® Jenna Armstrong,® Maria Tchong-French,® Sverre Vedal,
Parveen Bhatti* and Catherine Karr®b2

Background: Large-scale animal feeding operations compromise
regional air quality in the rural US through emission of pollutants,
such as ammonia gas. Exposure to airborne pollution from animal
feeding operations may cause pediatric asthma exacerbations in sur-
rounding communities.

Objectives: To describe spatial and temporal patterns in ambient
ammonia concentrations in an agricultural region, and to investigate
associations between short-term fluctuations in ammonia and subse-
quent changes in respiratory health in children with asthma.
Methods: For 13 months in the Yakima Valley of Washington State, 14
monitors sampled ammonia in outdoor air for 24-hour periods every 6
days. School-age children with asthma (n = 51) were followed for two
health outcomes: biweekly reports of asthma symptoms and quick
relief medication usage, and daily measurements of forced expiratory
volume in 1 second. We assessed associations between each outcome
and ammonia using generalized estimating equations.

Results: Twenty-four-hour ammonia concentrations varied from 0.2
to 238.1 ug/m? during the study period and displayed a strong cor-
relation with proximity to animal feeding operations. The percent-
age of forced expiratory volume in 1 second was 3.8% lower (95%
confidence interval = 0.2, 7.3) per interquartile increase in 1-day
lagged ammonia concentration and 3.0% lower (95% confidence
interval = 0.5, 5.8) for 2-day lagged concentration. We observed no
associations between self-reported asthma symptoms or medication
usage and estimated ammonia exposure.

Conclusions: Ammonia concentrations were elevated in this com-
munity and strongly predicted by proximity to animal feeding
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operations. Ammonia’s association with acute lung function decre-
ments in children with asthma in the surrounding community may
be causal or, alternatively, ammonia may be a marker for other pol-
lutants from animal feeding operations associated with respiratory
effects.

(Epidemiology 2015;26: 794-801)

In recent decades, the industrialization of commercial agri-
culture has affected environmental quality in the rural US,
in part due to the rise of large-scale facilities for confinement
of livestock and poultry, termed animal feeding operations.!
The largest such operations house over a hundred thousand
animals in a relatively small area free of vegetation, and sub-
stantial amounts of animal manure are generated continuously
on site. Liquid and solid animal wastes combine to form a
slurry that is commonly stored at animal feeding operation
sites in waste lagoons and may eventually be applied to adja-
cent growing fields as fertilizer. During manure storage as
well as application to farmlands, a variety of chemical and
biologic pollutants are released to the atmosphere, and resul-
tant impacts on regional air quality have been observed.!=
Several components of emissions from animal feeding
operations may cause or exacerbate respiratory disease for
nearby residents, including ammonia gas. Ammonia is water
soluble and dissolves in the mucosa of the upper respiratory
system upon inhalation, causing eye, nose, and throat irrita-
tion,® a suggested trigger for lower respiratory tract dysfunc-
tion, including bronchospasm.” In addition, ammonia may
penetrate to the lower respiratory tract after absorption to
particulate matter.® Animal studies show that ammonia causes
epithelial damage and impairment of the lung’s mucociliary
clearance mechanism, potentially leading to increased sus-
ceptibility to inhaled particles and infectious organisms.® Ele-
vated ambient ammonia can affect the health and well-being
of nearby residents according to nontoxicological mecha-
nisms as well. Ammonia has a strong, unpleasant odor that
contributes to the overall malodor in vicinity of animal feed-
ing operations, often intense enough to register community
complaints.>!? Malodor can lead to feelings of unease, stress,
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Ambient Ammonia and Pediatric Asthma Morbidity

and agitation in exposed individuals and may cause subse-
quent respiratory effects at concentrations below established
toxicity thresholds.!!

Previous epidemiologic investigations of community-
level exposures to animal feeding operations and respira-
tory health are limited to cross-sectional studies,'>”'7 with
the exception of one longitudinal, repeated measures study
of healthy adults living near swine feeding operations.!'®!”
Although some cross-sectional studies have included pedi-
atric subjects, none involved repeated measures of respira-
tory health for assessment of time-varying asthma health and
none included direct measurements of ambient ammonia in
the community.'>"'*!7 Here, we describe results of a longitudi-
nal study of pediatric asthma exacerbations using health and
environmental data collected from the Aggravating Factors of
Asthma in a Rural Environment (AFARE) project set in the
Yakima Valley, an agricultural region of Washington State
characterized by a high density of large dairy operations.

The primary objectives of our investigation were to
describe spatial and temporal patterns in community-level
ammonia concentrations in the Yakima Valley, and to estimate
associations between time-varying ammonia concentrations
outside subjects’ homes and short-term fluctuations in asthma
health, measured as daily lung function and biweekly reports
of symptom and medication use. In all cases, our analyses are
focused on ambient concentrations of a single contaminant,
ammonia; however, any observed associations may be due to
ammonia itself or to one or more components of animal feeding
operation airborne emissions, for which ammonia is a marker.

METHODS

Study Setting

AFARE was conducted within El Proyecto Bienestar
(EPB), a community-based participatory research partner-
ship seeking to protect the health of agricultural workers and
their families in the Yakima Valley. Project partners include
the University of Washington Pacific Northwest Center for
Agricultural Safety and Health; Yakima Valley Farm Work-
ers Clinic (YVFWC), a network of federally qualified health
clinics serving migrant and seasonal farmworker families as
well as other underserved populations in the region; and the
Northwest Communities Education Center, which includes
Radio KDNA, a Spanish language public radio station that
provides support and education for the Latino community in
the Yakima Valley. There is a high density of large-scale agri-
cultural operations in the region including many dairy feed-
ing operations, largely concentrated in the southern half of the
valley.

Study Subjects

Beginning in August 2010, AFARE subjects were
recruited from the YVFWC Asthma Program.?° Inclusion cri-
teria included being of school age and having no serious ill-
nesses other than asthma. A total of 59 children were enrolled

© 2015 Wolters Kluwer Health, Inc. All rights reserved.

in the AFARE study; however, for the analyses described here,
we consider only the 51 children who participated for at least
3 months during the period of air monitoring (September
2011 to October 2012). At enrollment all subjects underwent
skin prick testing to 22 common and locally relevant inhalant
allergens to assess atopy (grass mix, Johnson grass, wheat,
kochia, Russian thistle, cockroach, pigweed, mite mix, oak,
cottonwood, alfalfa, cat, alder, sagebrush, horse, Western
juniper, dog, mixed mold, mouse, Western ragweed, smut mix,
and cow). Families also completed a health history survey to
describe clinical features of past and present asthma health.
Research activities were approved by the University of Wash-
ington Institutional Review Board, and informed consent was
obtained from all children before participation. Research
materials for all stages of the AFARE study, from recruitment
through data collection, were available in both Spanish and
English.

Identification of Animal Feeding Operations

We used the WA State Department of Agriculture data-
base of dairy operations registered in 2012 through the Dairy
Nutrient Management Program to identify animal feeding
operations in the region. We systematically inspected aerial
photography images of the entire study region available online
via Google Maps and Google Earth for characteristics of ani-
mal feeding operations, such as large dirt areas containing
cattle, feeding and milking shelters, and animal waste storage
ponds to confirm—and when necessary, correct—the location
of the 67 dairy operations registered with the Dairy Nutrient
Management Program. We also identified additional nondairy
operations, including heifer, beef, and poultry operations not
included in the WA State Department of Agriculture database.
The area of all land that appeared to be part of each operation
was estimated in units of m? and the geographic location was
approximated as the center of the facility.

Outcome Variables

Biweekly Asthma Symptom Survey

At approximately 2-week intervals, phone interviews
with either the child or an adult family member were con-
ducted. Interviewees were asked to recall the 1-week period
before the interview date in their responses. The interview
included five questions about asthma symptoms (nighttime
waking, shortness of breath, limitation of activities, wheezing,
and morning asthma symptoms). A sixth question ascertained
short-acting bronchodilator frequency of use as average num-
ber of “puffs” per day.

Daily Home Lung Function Tests

At the time of enrollment, each child received a PikoNET
PiKo-1 handheld peak flow meter with digital memory (nSpire
Health, Inc; Longmont, CO) and was instructed in proper use
of the device according to guidelines of the American Tho-
racic Society. Children were asked to use the peak flow meter
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twice daily, in the morning and evening, every day of the study
and to withhold use of short-acting bronchodilator medication
in the period prior. At approximately 6-week intervals, a staff
member from the YVFWC Asthma Program visited partici-
pants and uploaded peak flow meter measurements from the
participant’s device. During a 12-month AFARE follow-up
visit with the research team at clinics and immediately before
the start of ammonia monitoring, each subject’s technique and
ability to produce an error-free measurement was observed,
and subjects were retrained in peak flow meter use if neces-
sary. Forced expiratory volume in 1 second (FEV1) measure-
ments from the peak flow meter were converted into percent of
predicted values (FEV1%) based on standard reference equa-
tions.?! Values of FEV1% that were implausibly high (above
150%) or low (below 30%) as well as measurements that were
flagged by the device as potential errors were omitted from
analysis. FEV1 measurements were not available for all sub-
jects on every day enrolled in the study on account of several
factors, including imperfect compliance as well as technical
problems with the equipment used to upload peak flow meter
data during home visits. To the best of our knowledge, loss of
data in the field due to technical difficulties was completely
random to health and exposure status of subjects.

Ammonia Measurements and Meteorology

We have described the design, deployment, and per-
formance of the air sampling device previously.?> Fourteen
devices were placed outside the homes of a subset of the
AFARE participants that were selected based on property
accessibility and security as well as consideration of over-
all spatial variability across the study region. Four monitors
were moved during the air monitoring period because study
subjects changed residences (n = 3) or the family dropped
out of the study (n = 1), and one monitor was destroyed in a
home fire 3 months before the end of the study and was not
replaced. The monitoring device was constructed to collect
multiple air samples simultaneously for analysis of multiple
contaminants for 24-hour periods at 6-day intervals, includ-
ing ammonia, PM, ., total dust, and various pesticide com-
pounds. Only ammonia concentrations are discussed in this
report due to lack of sample analysis data for other contami-
nants. Devices actively sampled outdoor air for ammonia
using a silica bead sampling tube (SKC Inc; Eighty Four, PA)
with flow rates ranging from 0.10 to 0.32 L/minute accord-
ing to the Occupational Safety and Health Administration
method ID-188. Flow rates of sampling pumps were cali-
brated once a month and were adjusted to meet the intended
flow rate range when necessary. Sampling tubes were trans-
ported to the University of Washington Environmental
Health Laboratory at 0°C, where they were desorbed with
deionized water and analyzed for ammonium ion using ion
chromatography. Ammonia masses below the limit of detec-
tion (either 1 or 0.5 pg, depending on the date of analysis)
were approximated as (limit of detection)/2.
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Two local weather stations central to the study region
provided data on 24-hour average temperature, relative humid-
ity and precipitation (Washington State University AgWeath-
erNet stations at Toppenish and Snipes).

Statistical Analysis

We assessed relationships between ammonia concentra-
tions and animal feeding operation (AFO) proximity using
four metrics calculated relative to each monitor location:
distance to nearest animal feeding operation, count of opera-
tions within a 5 km buffer, count of operations within a 10 km
buffer, and a weighted sum of regional operations calculated
according to Equation 1:

log(area)

AFO proximity = D

Al ARos distance

We calculated Pearson correlation coefficients (r) to
assess pairwise correlations between each of the four esti-
mates of animal feeding operation exposure and median
ammonia measured at the 18 monitoring sites.

We modeled associations between time-varying ammonia
exposure and each of the outcome measures separately using gen-
eralized estimating equations (GEEs) with an exchangeable cor-
relation matrix.?* For analyses of FEV1%, lagged relationships
ranging from 0 (same day) to 5 days were investigated. We esti-
mated ammonia exposure at homes without monitors using the
ammonia concentrations measured at nearest neighbor monitors.
In contrast, we did not attempt to extrapolate ammonia measure-
ments to days without readings, because the temporal variabil-
ity in measured ammonia did not appear to vary in a predictable
manner. Instead, only the available ammonia measurements
and FEV1 readings corresponding to specific lag relationships
(i.e., same day, lag 1, lag 2, etc.) were analyzed even though this
greatly reduced the amount of data available for analysis.

For the six outcomes derived from biweekly interviews
about asthma symptoms and medication usage, responses to
each of the six questions were dichotomized as no symptom/
medication use versus any symptom/medication use reported.
The odds ratio for report of each symptom or medication
use was estimated using GEE in association with the weekly
average ammonia concentrations. Weekly average ammonia
concentrations were estimated by identifying all ammonia
measurements made at the five nearest neighbor monitors for
a subject’s home between 8 days and 1 day before the inter-
view date and averaging these measurements by the inverse
square distance between home and monitor site. (Inverse dis-
tance weighting was not possible for FEV1 analysis because
there was a 1 day difference in sampling dates for monitors
in the northern vs. southern half of the study region.) In all
epidemiologic models, the mean outcome was modeled to
be linear in response to the primary exposure of interest, and
we presented the final results as effect sizes per interquartile
range increases. In sensitivity analysis, the main analyses were

© 2015 Wolters Kluwer Health, Inc. All rights reserved.
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repeated after restriction to children living within the median
distance to the nearest air monitor (1.0 km).

Covariates included in models as potential confounders
were selected a priori based on existing evidence of relation-
ships between the covariate and both respiratory health and
exposure: temperature and relative humidity (averaged over
the week prior for outcomes related to reported asthma symp-
toms) as well as two variables related to temporal trends, days
elapsed in study and seasonality, represented by cubic splines.
Also included were subject-specific characteristics potentially
associated with asthma: sex, age, atopy, use of inhaled corti-
costeroids at baseline, body mass index at baseline, and the
presence of adult smoker in household.

Model diagnostics were performed to determine whether
the central assumptions of GEE were violated. Specifically,
plots of residuals versus the linear predictor were inspected,
and the possibility of influential subjects was explored using
the “leave one out” method. These analyses did not indicate
the presence of any issues related to model assumptions. Anal-
yses were repeated using linear mixed models, and in all cases
produced similar results to those obtained with GEE.

All analyses were performed using Stata 12.0 IC (Stata-
Corp LP; College Station, TX), with the exception of distance
and nearest neighbor determinations, which were conducted
using R (version 2.14.2, The R Foundation for Statistical
Computing).

RESULTS

Cohort Characteristics

Of the 51 children enrolled in AFARE in the second
year, many were from low-income families with one or more
adults employed as a farm worker, and self-identified as
Hispanic/Latino (Table 1). The average age at enrollment was
10.3 years. Most of the children were taking controller medi-
cations at the time of enrollment (i.e., inhaled corticosteroids
and/or leukotriene antagonists), and 38 subjects (74%) were
identified to be atopic on the basis of skin prick testing per-
formed at baseline. Only seven children (14%) lived with at
least one adult smoker. Based on a clinical exam performed
at baseline, nearly half of the subjects (49%) were classified
as overweight, defined as body mass index-for-age above the
85th percentile.

Longitudinal Health Data

In the period during which residential air monitors col-
lected samples for ammonia analysis, subjects completed an
average of 20 interviews each. Each individual symptom was
reported to have occurred in fewer than 50% of the interviews.
An average of 87 FEV1 measurements was collected for each
child. The average completion rate, calculated from the num-
ber of days on which FEV1 readings were available relative
to the period of study enrollment for each subject, was esti-
mated to be 30%. This value does not reflect true compliance
rates, however, as it was substantially reduced by time periods

© 2015 Wolters Kluwer Health, Inc. All rights reserved.

TABLE 1. Characteristics of AFARE Children (n = 51)
N (%)
Demographics
Female 25 (49%)
Household income <$15 k/year® 20 (39%)
Born outside US 10 (20%)
Hispanic/Latino ethnicity 47 (92%)
Parent(s) employed as farm worker 23 (45%)
Asthma and general health at baseline
Medication use at baseline
IC only 22 (43%)
LTRA only 2 (4%)
Both IC and LTRA 14 (27%)
Ever hospitalized with asthma 34 (67%)
Unscheduled visit for asthma to urgent care 39 (76%)
or ED in 12 months before enrollment
Atopic® 38 (74%)
At least one adult smoker in household 7 (14%)
BMI for age >85th percentile 25 (49%)

*Two subjects did not respond.

®Indicated by positive skin prick test to at least one of 22 common inhalant allergens.

AFARE indicates aggravating factors of asthma in a rural environment; BMI, body
mass index; ED, emergency department; IC, inhaled corticosteroids; LTRA, leukotriene
antagonist.

during which data was lost due to technical difficulties. We
thoroughly explored whether the probability of missingness
in a given week was associated with each subject’s asthma
health during a particular week or over the entire study period
(assessed with results from symptom interviews), lung func-
tion before and following periods of missing data, and expo-
sure status, and found no relationships (data not shown.)
FEV1 increased for the cohort across the study period
on average, with the population-average lung function growth
estimated to be 0.26 L per year (SD =0.37L). Across the over-
all study period, the average FEV1% was 81% (SD = 17%).

Community Ammonia Concentrations

There were 18 locations where monitoring was con-
ducted throughout the Yakima Valley region (Figure 1). For
AFARE subjects without monitors placed at their homes, the
distance from subject home to the nearest AFARE monitor
ranged from 0.01 to 9 km. Twenty-four-hour ammonia con-
centrations varied from 0.2 to 238.1 ug/m? during the study
period and the median ammonia measured at each site ranged
from 2.9 to 72.7 ug/m?3, with higher concentrations observed
in the southern region of the study area (Figure 2). Concentra-
tions at each site exhibited a high degree of temporal variability
on short time scales (i.e., days to weeks). Ammonia concentra-
tions were weakly and negatively correlated with both daily
wind speed (» = —0.29) and direction (defined as degrees on
a 360° wind rose; » = —0.22), weakly correlated with relative
humidity (»=0.17) but not correlated with temperature or pre-
cipitation (r < 0.05). Some evidence for seasonal patterns in
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FIGURE 1. Map of study region, including 18 monitoring
locations and 97 animal feeding operations (AFOs). Locations
of monitors are jittered in random directions and distances (up
to 1 km) to protect subject identities.

ammonia concentrations was observed, with slightly elevated
concentrations measured during the winter months (Table 2).

Our scan of aerial images of the region identified 97
likely animal feeding operation sites, ranging in size from
6,500 to 900,000 m? in estimated surface area (mean area =
190,000 m?). Median ammonia measured at each monitor-
ing site exhibited a correlation with each measure of animal
feeding operation proximity (Table 3). Distance to the near-
est facility explained the smallest amount of variability in site
median ammonia (R? = 0.56), while the sum of inverse dis-
tances accounted for 78% of the variability in ammonia. Each
of the four metrics of proximity to animal feeding operations
displayed a high degree of pairwise correlation.

Ammonia Exposure and Asthma Morbidity

We found no relationship between reported asthma
symptoms or medication usage and the weekly ammonia expo-
sure estimated for the week before the interview date (Table 4).
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FIGURE 2. Twenty-four-hour average ammonia concentra-
tions (n = 814) measured at 6-day intervals over a 14-month
sampling period. Monitoring sites are numbered east to west
across the study area. The width of each box is inversely pro-
portional to the number of measurements made at that site.

TABLE 2. Twenty-four-hour Average NH, Concentrations by
Season

Season Median NH, (ng/m?) IQR

Dec—Feb 17.2 3.8,40.8
March—May 11.6 3.5,22.1
June-Aug 11.8 3.5,27.8
Sept—Nov 12.9 4.3,31.2

IQR indicates interquartile range; NH;, ammonia.

Expanding the exposure window to include 2 and 4 weeks before
the interview data had no meaningful effect on the results.
Ammonia exposure was associated with FEV1% at var-
ious lag intervals, with FEV1% being lower following days
of elevated ammonia (Figure 3). FEV1% was decreased by
3.8% (96% confidence interval [CI] = 0.2, 7.3) per interquar-
tile range increase in ammonia 1 day following ammonia mea-
surement and decreased by 3.0% (96% CI = 0.5, 5.8) 2 days
later. When we restricted analyses to children living within 1.0
km of an air monitor (n = 23), associations were larger in mag-
nitude (i.e., more negative) but generally less precise. FEV1%
decreased 6.3% (95% CI = 2.3%, 10%) 2 days after exposure,
for example, for the subset of children living near monitors.

DISCUSSION
Our results provide unique insight into population-level
ammonia exposures occurring in an agricultural community
and potential effects on the respiratory health of children with
asthma. We found that ambient ammonia concentrations were
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TABLE 3. Median NH, and Metrics of Animal Feeding Operation Proximity: Correlation Matrix

Log (Median Distance to

2 Log(Area)/Distance
for Al AFOs in

NH, [ng/m3]) Nearest AFO (km) #AFOs <5 km #AFOs <10 km Region (Equation 1)
Log (median NH, [ug/m’]) 1.00
Distance to nearest AFO (km) —-0.75 1.00
#AFOs <5 km 0.84 —0.64 1.00
# AFOs < 10 km 0.80 —0.64 0.97 1.00
2 log(area)/distance for all 0.88 -0.73 0.98 0.97 1.00
AFOs in region
NH; indicates ammonia; AFO, animal feeding operation.
TABLE 4. Odds of Specific Asthma Symptoms Associated =1
with Estimated Weekly Ammonia E
T
| T |
Symptom or Medication Use OR (95% CI)* i [ } " ]- : T T T |
[ 1 I | |
° |
Limitation of activities 1.1(0.79, 1.4) s I* i r T ? : +
Wheezing 099(0.77,13) [ : ! : ! $ I
Nighttime waking 0.92 (0.76, 1.3) £ & ! [ ! ! i |
|
Shortness of breath 1.1(0.86, 1.3) §> . f T JI- L
Symptoms worse in morning 0.88 (0.75, 1.0) g I I
Use of short-acting “relief™ 0.97 (0.82, 1.2) 10+ l l
medication :
L
20R is the odds ratio for report of any symptom/medication use in week prior
associated with an IQR increase in weekly ammonia (18 pg/m?). Same day Lag 1 Lag 2 Lag 3 Lag 4 Lag 5
IQR indicates interquartile increase; OR, odds ratio. 154 -

elevated in the southern half of the Yakima Valley where most
animal feeding operations were located. At the monitoring
site with the highest density of surrounding feeding operation,
the 75th percentile of 24-hour ammonia concentrations was
101 pg/m?; this can be compared with the EPA reference con-
centration for chronic inhalation exposure of 100 pg/m?. The
annual average ammonia concentrations in our study region
was 19 pg/m?, comparable with concentrations reported by
some investigators in similar study regions.*!6-2423

Our findings indicate that geographic differences in
ammonia concentrations were explained in large part by prox-
imity to animal operations, with 77% of the between site vari-
ability in time-averaged ammonia concentrations explained by a
distance- and size-weighted measure of proximity (Equation 1).
This is not surprising given that the majority of anthropogenic
ammonia emissions worldwide are attributable to animal pro-
duction facilities, which release ammonia during the production
and handling of animal manure, as well as during application of
liquid and solid wastes to nearby fields.! We found that ambient
concentrations were slightly higher in winter months, the time of
year when fertilization occurs in this region, even though ammo-
nia emission rates from animal feeding operations generally
increase at higher temperatures.?® We observed a high degree of
temporal variability in ammonia concentrations with 6-day sam-
pling intervals, a feature that is important to consider in design

© 2015 Wolters Kluwer Health, Inc. All rights reserved.

FIGURE 3. Associations between FEV1% and ammonia (NH,)
concentrations measured at the nearest neighbor monitors.
For each lag relationship, results for the entire cohort (solid
line) as well as those obtained after restriction to subjects
living within 1 km of the nearest monitor (dashed line) are
displayed. Point estimates and 95% Cl represent changes
associated with an IQR increase in 24-hour average ammonia
(25 pg/m3). FEV1% indicates forced expiratory volume in 1
second as percent of predicted; IQR, interquartile range; BMI,
body mass index.

of epidemiologic studies to estimate associations between ambi-
ent ammonia exposure and short-term health effects.

We found no evidence that increased ammonia expo-
sure was linked to worsened asthma health as measured by
self-reported symptoms and medication usage. In contrast,
we found associations between a measure of lung function,
FEV1%, and estimated ammonia exposure at subjects” homes.
Effect sizes were largest in magnitude and most precise in
relation to ammonia measured 1 and 2 days before lung func-
tion measurements, supporting our hypothesis that short-term
respiratory effects would occur. In sensitivity analysis, we
restricted analysis to children who lived within 1 km of the
nearest air monitor to address the hypothesis that nondifferen-
tial error increases with distance from the nearest monitoring
site. As predicted, this restriction resulted in larger estimates
of effect. Nondifferential exposure measurement error
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associated with using measurements made at distant monitors
is likely to bias measured associations with health toward the
null and/or increase the imprecision of results.

Our findings may reflect a true causal relationship
between ammonia exposure and decreased lung function,
although further studies are necessary to infer causality. One
previous study of pediatric respiratory health and ambient
ammonia took place in a region with a high density of fertilizer
production plants, where mean ambient ammonia concentra-
tions ranged from 54 to 113 pg/m?, exceeding most exposure
levels experienced by our cohort.?’ No differences were found
in FEVI1 of children living in high ammonia communities
when compared with children in a “control” neighborhood
with no known ammonia sources. However, lung function was
assessed only twice for the cohort, and the concentrations of
ammonia in the control area were elevated as well, ranging
from 30 to 63 pg/m?. We have found no other published stud-
ies of population-level exposures to ambient ammonia and
pediatric respiratory health or examining effects on a vulnera-
ble subgroup, such as children with asthma. A cross-sectional
study of healthy adults residing near biodegradable waste sites
did report a relationship between modeled exposure to ambi-
ent ammonia and increased frequency of self-reported respira-
tory and sensory effects, including coughing.?

Ammonia may serve as a marker for the complex airborne
emissions from animal feeding operations, and the observed
decreases in lung function may have resulted from exposure to one
or more co-pollutants with established respiratory system toxic-
ity, such as endotoxin, particulate matter, or hydrogen sulfide.?!
Occupational studies of animal feeding operation workers have
established a strong link between respiratory disease and expo-
sure to air pollutants from these operations.’>>* Regardless of
whether the decreases in lung function reported here were caused
by exposure to ammonia or to one or more of other the toxicants
emitted from animal feeding operations, our findings add to the
existing body of evidence for a causal relationship between com-
munity-level animal feeding operation exposure and respiratory
disease.’>-37 Previous investigations have described relationships
between prevalence of childhood asthma, either lifetime or cur-
rent, and exposures to animal feeding operations.'?"'4!” However,
all previous epidemiologic studies involving pediatric subjects
have been cross-sectional in design.

To the best of our knowledge, we have conducted the
first longitudinal, repeated measures study of community-
level ammonia exposures and respiratory health, as well as
the first study of this design to address exposures to animal
feeding operations in relation to pediatric health. A longitu-
dinal repeated measures study is the ideal design to inves-
tigate exposures and outcomes that vary in time, and the
within-subject comparisons help mitigate the influence of
between-subject confounding. This is important in the con-
text of proximity to animal feeding operations and asthma
morbidity because residence on or near a farm raising ani-
mals may be associated with subject characteristics related
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to risk of respiratory disease, such as socioeconomic status,
atopy, and early-life exposures to a farming environment.383

Despite these strengths, we acknowledge several limi-
tations. As mentioned previously, it is uncertain whether the
relationships with lung function are due to ammonia or other
components of animal feeding operation emissions. Second,
our exposure assessment was based solely on children’s resi-
dences; we did not collect information about time-activity
patterns. It is possible that children were less likely to play
outdoors on days of higher ammonia exposures, but we are
unable to account for such avoidance behavior in our analy-
ses. In addition, our weekly estimates of ammonia exposure
assigned to each symptom survey were based on only one, and
sometimes two, measurement(s) of ammonia made at some
time in the week before the interview. Because ammonia con-
centrations vary substantially on a time scale of days in this
study region, this method is likely influenced by a large degree
of nondifferential measurement error. This nondifferential
error may have masked any true relationships between asthma
symptoms and ammonia exposure by biasing results toward
the null and/or increasing the standard errors association with
effect estimates. Another important limitation of our analy-
sis of symptoms and medication use is that outcome variables
were dichotomized in analysis, and therefore analysis may be
underpowered to detect any true associations in comparison
to analyses of continuous outcome measures, such as lung
function. Finally, substantial outcome misclassification likely
results from the fact that symptoms and medication use were
reported by subjects and caregivers, and therefore influenced
by subjective perceptions. Our statistical approach, focused
on within-subject rather than between-subject differences
in reported symptoms and medication, use may have helped
reduce the influence of this misclassifications.

Limitations of our analysis of FEV1% and ammo-
nia include potential bias on account of missing FEV1 data.
Results of GEE in analysis of correlated data is susceptible
to bias when missingness mechanisms are not missing com-
pletely at random.?* Linear mixed models are more robust to
such a bias, and in sensitivity analysis, we found that results of
either modeling technique to be similar.

In conclusion, we present preliminary evidence that
children living near dairy operations in rural Washington State
are exposed to elevated levels of ammonia likely attributable
to air pollution from animal feeding operations. We found that
exposure to elevated ammonia or any of numerous co-pollut-
ants correlated with ammonia concentrations may be asso-
ciated with lung function decrements in the following days
for children with asthma. These potential health effects are
important to consider in an environmental justice framework,
as populations living near animal feeding operations in the US
are more likely to be low income and belong to racial/ethnic
minority groups.*® Further research into impacts of emissions
from animal feeding operations on regional air quality and
community health is warranted.
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ORIGINAL ARTICLE

Ambient Ammonia Exposures in an Agricultural
Community and Pediatric Asthma Morbidity

Christine Loftus,* Michael Yost,® Paul Sampson,© Elizabeth Torres,* Griselda Arias,*
Victoria Breckwich Vasquez, Kris Hartin,® Jenna Armstrong,® Maria Tchong-French,® Sverre Vedal,
Parveen Bhatti* and Catherine Karr®b2

Background: Large-scale animal feeding operations compromise
regional air quality in the rural US through emission of pollutants,
such as ammonia gas. Exposure to airborne pollution from animal
feeding operations may cause pediatric asthma exacerbations in sur-
rounding communities.

Objectives: To describe spatial and temporal patterns in ambient
ammonia concentrations in an agricultural region, and to investigate
associations between short-term fluctuations in ammonia and subse-
quent changes in respiratory health in children with asthma.
Methods: For 13 months in the Yakima Valley of Washington State, 14
monitors sampled ammonia in outdoor air for 24-hour periods every 6
days. School-age children with asthma (n = 51) were followed for two
health outcomes: biweekly reports of asthma symptoms and quick
relief medication usage, and daily measurements of forced expiratory
volume in 1 second. We assessed associations between each outcome
and ammonia using generalized estimating equations.

Results: Twenty-four-hour ammonia concentrations varied from 0.2
to 238.1 ug/m? during the study period and displayed a strong cor-
relation with proximity to animal feeding operations. The percent-
age of forced expiratory volume in 1 second was 3.8% lower (95%
confidence interval = 0.2, 7.3) per interquartile increase in 1-day
lagged ammonia concentration and 3.0% lower (95% confidence
interval = 0.5, 5.8) for 2-day lagged concentration. We observed no
associations between self-reported asthma symptoms or medication
usage and estimated ammonia exposure.

Conclusions: Ammonia concentrations were elevated in this com-
munity and strongly predicted by proximity to animal feeding
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operations. Ammonia’s association with acute lung function decre-
ments in children with asthma in the surrounding community may
be causal or, alternatively, ammonia may be a marker for other pol-
lutants from animal feeding operations associated with respiratory
effects.

(Epidemiology 2015;26: 794-801)

In recent decades, the industrialization of commercial agri-
culture has affected environmental quality in the rural US,
in part due to the rise of large-scale facilities for confinement
of livestock and poultry, termed animal feeding operations.!
The largest such operations house over a hundred thousand
animals in a relatively small area free of vegetation, and sub-
stantial amounts of animal manure are generated continuously
on site. Liquid and solid animal wastes combine to form a
slurry that is commonly stored at animal feeding operation
sites in waste lagoons and may eventually be applied to adja-
cent growing fields as fertilizer. During manure storage as
well as application to farmlands, a variety of chemical and
biologic pollutants are released to the atmosphere, and resul-
tant impacts on regional air quality have been observed.!=
Several components of emissions from animal feeding
operations may cause or exacerbate respiratory disease for
nearby residents, including ammonia gas. Ammonia is water
soluble and dissolves in the mucosa of the upper respiratory
system upon inhalation, causing eye, nose, and throat irrita-
tion,® a suggested trigger for lower respiratory tract dysfunc-
tion, including bronchospasm.” In addition, ammonia may
penetrate to the lower respiratory tract after absorption to
particulate matter.® Animal studies show that ammonia causes
epithelial damage and impairment of the lung’s mucociliary
clearance mechanism, potentially leading to increased sus-
ceptibility to inhaled particles and infectious organisms.® Ele-
vated ambient ammonia can affect the health and well-being
of nearby residents according to nontoxicological mecha-
nisms as well. Ammonia has a strong, unpleasant odor that
contributes to the overall malodor in vicinity of animal feed-
ing operations, often intense enough to register community
complaints.>!? Malodor can lead to feelings of unease, stress,
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and agitation in exposed individuals and may cause subse-
quent respiratory effects at concentrations below established
toxicity thresholds.!!

Previous epidemiologic investigations of community-
level exposures to animal feeding operations and respira-
tory health are limited to cross-sectional studies,'>”'7 with
the exception of one longitudinal, repeated measures study
of healthy adults living near swine feeding operations.!'®!”
Although some cross-sectional studies have included pedi-
atric subjects, none involved repeated measures of respira-
tory health for assessment of time-varying asthma health and
none included direct measurements of ambient ammonia in
the community.'>"'*!7 Here, we describe results of a longitudi-
nal study of pediatric asthma exacerbations using health and
environmental data collected from the Aggravating Factors of
Asthma in a Rural Environment (AFARE) project set in the
Yakima Valley, an agricultural region of Washington State
characterized by a high density of large dairy operations.

The primary objectives of our investigation were to
describe spatial and temporal patterns in community-level
ammonia concentrations in the Yakima Valley, and to estimate
associations between time-varying ammonia concentrations
outside subjects’ homes and short-term fluctuations in asthma
health, measured as daily lung function and biweekly reports
of symptom and medication use. In all cases, our analyses are
focused on ambient concentrations of a single contaminant,
ammonia; however, any observed associations may be due to
ammonia itself or to one or more components of animal feeding
operation airborne emissions, for which ammonia is a marker.

METHODS

Study Setting

AFARE was conducted within El Proyecto Bienestar
(EPB), a community-based participatory research partner-
ship seeking to protect the health of agricultural workers and
their families in the Yakima Valley. Project partners include
the University of Washington Pacific Northwest Center for
Agricultural Safety and Health; Yakima Valley Farm Work-
ers Clinic (YVFWC), a network of federally qualified health
clinics serving migrant and seasonal farmworker families as
well as other underserved populations in the region; and the
Northwest Communities Education Center, which includes
Radio KDNA, a Spanish language public radio station that
provides support and education for the Latino community in
the Yakima Valley. There is a high density of large-scale agri-
cultural operations in the region including many dairy feed-
ing operations, largely concentrated in the southern half of the
valley.

Study Subjects

Beginning in August 2010, AFARE subjects were
recruited from the YVFWC Asthma Program.?° Inclusion cri-
teria included being of school age and having no serious ill-
nesses other than asthma. A total of 59 children were enrolled

© 2015 Wolters Kluwer Health, Inc. All rights reserved.

in the AFARE study; however, for the analyses described here,
we consider only the 51 children who participated for at least
3 months during the period of air monitoring (September
2011 to October 2012). At enrollment all subjects underwent
skin prick testing to 22 common and locally relevant inhalant
allergens to assess atopy (grass mix, Johnson grass, wheat,
kochia, Russian thistle, cockroach, pigweed, mite mix, oak,
cottonwood, alfalfa, cat, alder, sagebrush, horse, Western
juniper, dog, mixed mold, mouse, Western ragweed, smut mix,
and cow). Families also completed a health history survey to
describe clinical features of past and present asthma health.
Research activities were approved by the University of Wash-
ington Institutional Review Board, and informed consent was
obtained from all children before participation. Research
materials for all stages of the AFARE study, from recruitment
through data collection, were available in both Spanish and
English.

Identification of Animal Feeding Operations

We used the WA State Department of Agriculture data-
base of dairy operations registered in 2012 through the Dairy
Nutrient Management Program to identify animal feeding
operations in the region. We systematically inspected aerial
photography images of the entire study region available online
via Google Maps and Google Earth for characteristics of ani-
mal feeding operations, such as large dirt areas containing
cattle, feeding and milking shelters, and animal waste storage
ponds to confirm—and when necessary, correct—the location
of the 67 dairy operations registered with the Dairy Nutrient
Management Program. We also identified additional nondairy
operations, including heifer, beef, and poultry operations not
included in the WA State Department of Agriculture database.
The area of all land that appeared to be part of each operation
was estimated in units of m? and the geographic location was
approximated as the center of the facility.

Outcome Variables

Biweekly Asthma Symptom Survey

At approximately 2-week intervals, phone interviews
with either the child or an adult family member were con-
ducted. Interviewees were asked to recall the 1-week period
before the interview date in their responses. The interview
included five questions about asthma symptoms (nighttime
waking, shortness of breath, limitation of activities, wheezing,
and morning asthma symptoms). A sixth question ascertained
short-acting bronchodilator frequency of use as average num-
ber of “puffs” per day.

Daily Home Lung Function Tests

At the time of enrollment, each child received a PikoNET
PiKo-1 handheld peak flow meter with digital memory (nSpire
Health, Inc; Longmont, CO) and was instructed in proper use
of the device according to guidelines of the American Tho-
racic Society. Children were asked to use the peak flow meter
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twice daily, in the morning and evening, every day of the study
and to withhold use of short-acting bronchodilator medication
in the period prior. At approximately 6-week intervals, a staff
member from the YVFWC Asthma Program visited partici-
pants and uploaded peak flow meter measurements from the
participant’s device. During a 12-month AFARE follow-up
visit with the research team at clinics and immediately before
the start of ammonia monitoring, each subject’s technique and
ability to produce an error-free measurement was observed,
and subjects were retrained in peak flow meter use if neces-
sary. Forced expiratory volume in 1 second (FEV1) measure-
ments from the peak flow meter were converted into percent of
predicted values (FEV1%) based on standard reference equa-
tions.?! Values of FEV1% that were implausibly high (above
150%) or low (below 30%) as well as measurements that were
flagged by the device as potential errors were omitted from
analysis. FEV1 measurements were not available for all sub-
jects on every day enrolled in the study on account of several
factors, including imperfect compliance as well as technical
problems with the equipment used to upload peak flow meter
data during home visits. To the best of our knowledge, loss of
data in the field due to technical difficulties was completely
random to health and exposure status of subjects.

Ammonia Measurements and Meteorology

We have described the design, deployment, and per-
formance of the air sampling device previously.?> Fourteen
devices were placed outside the homes of a subset of the
AFARE participants that were selected based on property
accessibility and security as well as consideration of over-
all spatial variability across the study region. Four monitors
were moved during the air monitoring period because study
subjects changed residences (n = 3) or the family dropped
out of the study (n = 1), and one monitor was destroyed in a
home fire 3 months before the end of the study and was not
replaced. The monitoring device was constructed to collect
multiple air samples simultaneously for analysis of multiple
contaminants for 24-hour periods at 6-day intervals, includ-
ing ammonia, PM, ., total dust, and various pesticide com-
pounds. Only ammonia concentrations are discussed in this
report due to lack of sample analysis data for other contami-
nants. Devices actively sampled outdoor air for ammonia
using a silica bead sampling tube (SKC Inc; Eighty Four, PA)
with flow rates ranging from 0.10 to 0.32 L/minute accord-
ing to the Occupational Safety and Health Administration
method ID-188. Flow rates of sampling pumps were cali-
brated once a month and were adjusted to meet the intended
flow rate range when necessary. Sampling tubes were trans-
ported to the University of Washington Environmental
Health Laboratory at 0°C, where they were desorbed with
deionized water and analyzed for ammonium ion using ion
chromatography. Ammonia masses below the limit of detec-
tion (either 1 or 0.5 pg, depending on the date of analysis)
were approximated as (limit of detection)/2.

796 | www.epidem.com

Two local weather stations central to the study region
provided data on 24-hour average temperature, relative humid-
ity and precipitation (Washington State University AgWeath-
erNet stations at Toppenish and Snipes).

Statistical Analysis

We assessed relationships between ammonia concentra-
tions and animal feeding operation (AFO) proximity using
four metrics calculated relative to each monitor location:
distance to nearest animal feeding operation, count of opera-
tions within a 5 km buffer, count of operations within a 10 km
buffer, and a weighted sum of regional operations calculated
according to Equation 1:

log(area)

AFO proximity = D

Al ARos distance

We calculated Pearson correlation coefficients (r) to
assess pairwise correlations between each of the four esti-
mates of animal feeding operation exposure and median
ammonia measured at the 18 monitoring sites.

We modeled associations between time-varying ammonia
exposure and each of the outcome measures separately using gen-
eralized estimating equations (GEEs) with an exchangeable cor-
relation matrix.?* For analyses of FEV1%, lagged relationships
ranging from 0 (same day) to 5 days were investigated. We esti-
mated ammonia exposure at homes without monitors using the
ammonia concentrations measured at nearest neighbor monitors.
In contrast, we did not attempt to extrapolate ammonia measure-
ments to days without readings, because the temporal variabil-
ity in measured ammonia did not appear to vary in a predictable
manner. Instead, only the available ammonia measurements
and FEV1 readings corresponding to specific lag relationships
(i.e., same day, lag 1, lag 2, etc.) were analyzed even though this
greatly reduced the amount of data available for analysis.

For the six outcomes derived from biweekly interviews
about asthma symptoms and medication usage, responses to
each of the six questions were dichotomized as no symptom/
medication use versus any symptom/medication use reported.
The odds ratio for report of each symptom or medication
use was estimated using GEE in association with the weekly
average ammonia concentrations. Weekly average ammonia
concentrations were estimated by identifying all ammonia
measurements made at the five nearest neighbor monitors for
a subject’s home between 8 days and 1 day before the inter-
view date and averaging these measurements by the inverse
square distance between home and monitor site. (Inverse dis-
tance weighting was not possible for FEV1 analysis because
there was a 1 day difference in sampling dates for monitors
in the northern vs. southern half of the study region.) In all
epidemiologic models, the mean outcome was modeled to
be linear in response to the primary exposure of interest, and
we presented the final results as effect sizes per interquartile
range increases. In sensitivity analysis, the main analyses were
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repeated after restriction to children living within the median
distance to the nearest air monitor (1.0 km).

Covariates included in models as potential confounders
were selected a priori based on existing evidence of relation-
ships between the covariate and both respiratory health and
exposure: temperature and relative humidity (averaged over
the week prior for outcomes related to reported asthma symp-
toms) as well as two variables related to temporal trends, days
elapsed in study and seasonality, represented by cubic splines.
Also included were subject-specific characteristics potentially
associated with asthma: sex, age, atopy, use of inhaled corti-
costeroids at baseline, body mass index at baseline, and the
presence of adult smoker in household.

Model diagnostics were performed to determine whether
the central assumptions of GEE were violated. Specifically,
plots of residuals versus the linear predictor were inspected,
and the possibility of influential subjects was explored using
the “leave one out” method. These analyses did not indicate
the presence of any issues related to model assumptions. Anal-
yses were repeated using linear mixed models, and in all cases
produced similar results to those obtained with GEE.

All analyses were performed using Stata 12.0 IC (Stata-
Corp LP; College Station, TX), with the exception of distance
and nearest neighbor determinations, which were conducted
using R (version 2.14.2, The R Foundation for Statistical
Computing).

RESULTS

Cohort Characteristics

Of the 51 children enrolled in AFARE in the second
year, many were from low-income families with one or more
adults employed as a farm worker, and self-identified as
Hispanic/Latino (Table 1). The average age at enrollment was
10.3 years. Most of the children were taking controller medi-
cations at the time of enrollment (i.e., inhaled corticosteroids
and/or leukotriene antagonists), and 38 subjects (74%) were
identified to be atopic on the basis of skin prick testing per-
formed at baseline. Only seven children (14%) lived with at
least one adult smoker. Based on a clinical exam performed
at baseline, nearly half of the subjects (49%) were classified
as overweight, defined as body mass index-for-age above the
85th percentile.

Longitudinal Health Data

In the period during which residential air monitors col-
lected samples for ammonia analysis, subjects completed an
average of 20 interviews each. Each individual symptom was
reported to have occurred in fewer than 50% of the interviews.
An average of 87 FEV1 measurements was collected for each
child. The average completion rate, calculated from the num-
ber of days on which FEV1 readings were available relative
to the period of study enrollment for each subject, was esti-
mated to be 30%. This value does not reflect true compliance
rates, however, as it was substantially reduced by time periods
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TABLE 1. Characteristics of AFARE Children (n = 51)
N (%)
Demographics
Female 25 (49%)
Household income <$15 k/year® 20 (39%)
Born outside US 10 (20%)
Hispanic/Latino ethnicity 47 (92%)
Parent(s) employed as farm worker 23 (45%)
Asthma and general health at baseline
Medication use at baseline
IC only 22 (43%)
LTRA only 2 (4%)
Both IC and LTRA 14 (27%)
Ever hospitalized with asthma 34 (67%)
Unscheduled visit for asthma to urgent care 39 (76%)
or ED in 12 months before enrollment
Atopic® 38 (74%)
At least one adult smoker in household 7 (14%)
BMI for age >85th percentile 25 (49%)

*Two subjects did not respond.

®Indicated by positive skin prick test to at least one of 22 common inhalant allergens.

AFARE indicates aggravating factors of asthma in a rural environment; BMI, body
mass index; ED, emergency department; IC, inhaled corticosteroids; LTRA, leukotriene
antagonist.

during which data was lost due to technical difficulties. We
thoroughly explored whether the probability of missingness
in a given week was associated with each subject’s asthma
health during a particular week or over the entire study period
(assessed with results from symptom interviews), lung func-
tion before and following periods of missing data, and expo-
sure status, and found no relationships (data not shown.)
FEV1 increased for the cohort across the study period
on average, with the population-average lung function growth
estimated to be 0.26 L per year (SD =0.37L). Across the over-
all study period, the average FEV1% was 81% (SD = 17%).

Community Ammonia Concentrations

There were 18 locations where monitoring was con-
ducted throughout the Yakima Valley region (Figure 1). For
AFARE subjects without monitors placed at their homes, the
distance from subject home to the nearest AFARE monitor
ranged from 0.01 to 9 km. Twenty-four-hour ammonia con-
centrations varied from 0.2 to 238.1 ug/m? during the study
period and the median ammonia measured at each site ranged
from 2.9 to 72.7 ug/m?3, with higher concentrations observed
in the southern region of the study area (Figure 2). Concentra-
tions at each site exhibited a high degree of temporal variability
on short time scales (i.e., days to weeks). Ammonia concentra-
tions were weakly and negatively correlated with both daily
wind speed (» = —0.29) and direction (defined as degrees on
a 360° wind rose; » = —0.22), weakly correlated with relative
humidity (»=0.17) but not correlated with temperature or pre-
cipitation (r < 0.05). Some evidence for seasonal patterns in
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FIGURE 1. Map of study region, including 18 monitoring
locations and 97 animal feeding operations (AFOs). Locations
of monitors are jittered in random directions and distances (up
to 1 km) to protect subject identities.

ammonia concentrations was observed, with slightly elevated
concentrations measured during the winter months (Table 2).

Our scan of aerial images of the region identified 97
likely animal feeding operation sites, ranging in size from
6,500 to 900,000 m? in estimated surface area (mean area =
190,000 m?). Median ammonia measured at each monitor-
ing site exhibited a correlation with each measure of animal
feeding operation proximity (Table 3). Distance to the near-
est facility explained the smallest amount of variability in site
median ammonia (R? = 0.56), while the sum of inverse dis-
tances accounted for 78% of the variability in ammonia. Each
of the four metrics of proximity to animal feeding operations
displayed a high degree of pairwise correlation.

Ammonia Exposure and Asthma Morbidity

We found no relationship between reported asthma
symptoms or medication usage and the weekly ammonia expo-
sure estimated for the week before the interview date (Table 4).
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FIGURE 2. Twenty-four-hour average ammonia concentra-
tions (n = 814) measured at 6-day intervals over a 14-month
sampling period. Monitoring sites are numbered east to west
across the study area. The width of each box is inversely pro-
portional to the number of measurements made at that site.

TABLE 2. Twenty-four-hour Average NH, Concentrations by
Season

Season Median NH, (ng/m?) IQR

Dec—Feb 17.2 3.8,40.8
March—May 11.6 3.5,22.1
June-Aug 11.8 3.5,27.8
Sept—Nov 12.9 4.3,31.2

IQR indicates interquartile range; NH;, ammonia.

Expanding the exposure window to include 2 and 4 weeks before
the interview data had no meaningful effect on the results.
Ammonia exposure was associated with FEV1% at var-
ious lag intervals, with FEV1% being lower following days
of elevated ammonia (Figure 3). FEV1% was decreased by
3.8% (96% confidence interval [CI] = 0.2, 7.3) per interquar-
tile range increase in ammonia 1 day following ammonia mea-
surement and decreased by 3.0% (96% CI = 0.5, 5.8) 2 days
later. When we restricted analyses to children living within 1.0
km of an air monitor (n = 23), associations were larger in mag-
nitude (i.e., more negative) but generally less precise. FEV1%
decreased 6.3% (95% CI = 2.3%, 10%) 2 days after exposure,
for example, for the subset of children living near monitors.

DISCUSSION
Our results provide unique insight into population-level
ammonia exposures occurring in an agricultural community
and potential effects on the respiratory health of children with
asthma. We found that ambient ammonia concentrations were
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TABLE 3. Median NH, and Metrics of Animal Feeding Operation Proximity: Correlation Matrix

Log (Median Distance to

2 Log(Area)/Distance
for Al AFOs in

NH, [ng/m3]) Nearest AFO (km) #AFOs <5 km #AFOs <10 km Region (Equation 1)
Log (median NH, [ug/m’]) 1.00
Distance to nearest AFO (km) —-0.75 1.00
#AFOs <5 km 0.84 —0.64 1.00
# AFOs < 10 km 0.80 —0.64 0.97 1.00
2 log(area)/distance for all 0.88 -0.73 0.98 0.97 1.00
AFOs in region
NH; indicates ammonia; AFO, animal feeding operation.
TABLE 4. Odds of Specific Asthma Symptoms Associated =1
with Estimated Weekly Ammonia E
T
| T |
Symptom or Medication Use OR (95% CI)* i [ } " ]- : T T T |
[ 1 I | |
° |
Limitation of activities 1.1(0.79, 1.4) s I* i r T ? : +
Wheezing 099(0.77,13) [ : ! : ! $ I
Nighttime waking 0.92 (0.76, 1.3) £ & ! [ ! ! i |
|
Shortness of breath 1.1(0.86, 1.3) §> . f T JI- L
Symptoms worse in morning 0.88 (0.75, 1.0) g I I
Use of short-acting “relief™ 0.97 (0.82, 1.2) 10+ l l
medication :
L
20R is the odds ratio for report of any symptom/medication use in week prior
associated with an IQR increase in weekly ammonia (18 pg/m?). Same day Lag 1 Lag 2 Lag 3 Lag 4 Lag 5
IQR indicates interquartile increase; OR, odds ratio. 154 -

elevated in the southern half of the Yakima Valley where most
animal feeding operations were located. At the monitoring
site with the highest density of surrounding feeding operation,
the 75th percentile of 24-hour ammonia concentrations was
101 pg/m?; this can be compared with the EPA reference con-
centration for chronic inhalation exposure of 100 pg/m?. The
annual average ammonia concentrations in our study region
was 19 pg/m?, comparable with concentrations reported by
some investigators in similar study regions.*!6-2423

Our findings indicate that geographic differences in
ammonia concentrations were explained in large part by prox-
imity to animal operations, with 77% of the between site vari-
ability in time-averaged ammonia concentrations explained by a
distance- and size-weighted measure of proximity (Equation 1).
This is not surprising given that the majority of anthropogenic
ammonia emissions worldwide are attributable to animal pro-
duction facilities, which release ammonia during the production
and handling of animal manure, as well as during application of
liquid and solid wastes to nearby fields.! We found that ambient
concentrations were slightly higher in winter months, the time of
year when fertilization occurs in this region, even though ammo-
nia emission rates from animal feeding operations generally
increase at higher temperatures.?® We observed a high degree of
temporal variability in ammonia concentrations with 6-day sam-
pling intervals, a feature that is important to consider in design
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FIGURE 3. Associations between FEV1% and ammonia (NH,)
concentrations measured at the nearest neighbor monitors.
For each lag relationship, results for the entire cohort (solid
line) as well as those obtained after restriction to subjects
living within 1 km of the nearest monitor (dashed line) are
displayed. Point estimates and 95% Cl represent changes
associated with an IQR increase in 24-hour average ammonia
(25 pg/m3). FEV1% indicates forced expiratory volume in 1
second as percent of predicted; IQR, interquartile range; BMI,
body mass index.

of epidemiologic studies to estimate associations between ambi-
ent ammonia exposure and short-term health effects.

We found no evidence that increased ammonia expo-
sure was linked to worsened asthma health as measured by
self-reported symptoms and medication usage. In contrast,
we found associations between a measure of lung function,
FEV1%, and estimated ammonia exposure at subjects” homes.
Effect sizes were largest in magnitude and most precise in
relation to ammonia measured 1 and 2 days before lung func-
tion measurements, supporting our hypothesis that short-term
respiratory effects would occur. In sensitivity analysis, we
restricted analysis to children who lived within 1 km of the
nearest air monitor to address the hypothesis that nondifferen-
tial error increases with distance from the nearest monitoring
site. As predicted, this restriction resulted in larger estimates
of effect. Nondifferential exposure measurement error
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associated with using measurements made at distant monitors
is likely to bias measured associations with health toward the
null and/or increase the imprecision of results.

Our findings may reflect a true causal relationship
between ammonia exposure and decreased lung function,
although further studies are necessary to infer causality. One
previous study of pediatric respiratory health and ambient
ammonia took place in a region with a high density of fertilizer
production plants, where mean ambient ammonia concentra-
tions ranged from 54 to 113 pg/m?, exceeding most exposure
levels experienced by our cohort.?’ No differences were found
in FEVI1 of children living in high ammonia communities
when compared with children in a “control” neighborhood
with no known ammonia sources. However, lung function was
assessed only twice for the cohort, and the concentrations of
ammonia in the control area were elevated as well, ranging
from 30 to 63 pg/m?. We have found no other published stud-
ies of population-level exposures to ambient ammonia and
pediatric respiratory health or examining effects on a vulnera-
ble subgroup, such as children with asthma. A cross-sectional
study of healthy adults residing near biodegradable waste sites
did report a relationship between modeled exposure to ambi-
ent ammonia and increased frequency of self-reported respira-
tory and sensory effects, including coughing.?

Ammonia may serve as a marker for the complex airborne
emissions from animal feeding operations, and the observed
decreases in lung function may have resulted from exposure to one
or more co-pollutants with established respiratory system toxic-
ity, such as endotoxin, particulate matter, or hydrogen sulfide.?!
Occupational studies of animal feeding operation workers have
established a strong link between respiratory disease and expo-
sure to air pollutants from these operations.’>>* Regardless of
whether the decreases in lung function reported here were caused
by exposure to ammonia or to one or more of other the toxicants
emitted from animal feeding operations, our findings add to the
existing body of evidence for a causal relationship between com-
munity-level animal feeding operation exposure and respiratory
disease.’>-37 Previous investigations have described relationships
between prevalence of childhood asthma, either lifetime or cur-
rent, and exposures to animal feeding operations.'?"'4!” However,
all previous epidemiologic studies involving pediatric subjects
have been cross-sectional in design.

To the best of our knowledge, we have conducted the
first longitudinal, repeated measures study of community-
level ammonia exposures and respiratory health, as well as
the first study of this design to address exposures to animal
feeding operations in relation to pediatric health. A longitu-
dinal repeated measures study is the ideal design to inves-
tigate exposures and outcomes that vary in time, and the
within-subject comparisons help mitigate the influence of
between-subject confounding. This is important in the con-
text of proximity to animal feeding operations and asthma
morbidity because residence on or near a farm raising ani-
mals may be associated with subject characteristics related
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to risk of respiratory disease, such as socioeconomic status,
atopy, and early-life exposures to a farming environment.383

Despite these strengths, we acknowledge several limi-
tations. As mentioned previously, it is uncertain whether the
relationships with lung function are due to ammonia or other
components of animal feeding operation emissions. Second,
our exposure assessment was based solely on children’s resi-
dences; we did not collect information about time-activity
patterns. It is possible that children were less likely to play
outdoors on days of higher ammonia exposures, but we are
unable to account for such avoidance behavior in our analy-
ses. In addition, our weekly estimates of ammonia exposure
assigned to each symptom survey were based on only one, and
sometimes two, measurement(s) of ammonia made at some
time in the week before the interview. Because ammonia con-
centrations vary substantially on a time scale of days in this
study region, this method is likely influenced by a large degree
of nondifferential measurement error. This nondifferential
error may have masked any true relationships between asthma
symptoms and ammonia exposure by biasing results toward
the null and/or increasing the standard errors association with
effect estimates. Another important limitation of our analy-
sis of symptoms and medication use is that outcome variables
were dichotomized in analysis, and therefore analysis may be
underpowered to detect any true associations in comparison
to analyses of continuous outcome measures, such as lung
function. Finally, substantial outcome misclassification likely
results from the fact that symptoms and medication use were
reported by subjects and caregivers, and therefore influenced
by subjective perceptions. Our statistical approach, focused
on within-subject rather than between-subject differences
in reported symptoms and medication, use may have helped
reduce the influence of this misclassifications.

Limitations of our analysis of FEV1% and ammo-
nia include potential bias on account of missing FEV1 data.
Results of GEE in analysis of correlated data is susceptible
to bias when missingness mechanisms are not missing com-
pletely at random.?* Linear mixed models are more robust to
such a bias, and in sensitivity analysis, we found that results of
either modeling technique to be similar.

In conclusion, we present preliminary evidence that
children living near dairy operations in rural Washington State
are exposed to elevated levels of ammonia likely attributable
to air pollution from animal feeding operations. We found that
exposure to elevated ammonia or any of numerous co-pollut-
ants correlated with ammonia concentrations may be asso-
ciated with lung function decrements in the following days
for children with asthma. These potential health effects are
important to consider in an environmental justice framework,
as populations living near animal feeding operations in the US
are more likely to be low income and belong to racial/ethnic
minority groups.*® Further research into impacts of emissions
from animal feeding operations on regional air quality and
community health is warranted.
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Study Finds Low Ammonia Emissions at Area Dairies

Improved Cattle feed Credited with Cutting Amounts of Manure

Air quality in the Yakima Valley gets worse during the winter months, from November to
February, when too many residents keep warm with wood burning stoves that, when blended
with vehicle emissions, bring significant air-quality challenges.

The Yakima Regional Clean Air Agency continues to work on improving air quality with
local residents and businesses, including farms. Although research reveals small amounts of
ammonia emissions from farms, experts say these emissions are insignificant and do not pose an
overall threat to public health.

Pius Ndgwa, PhD., is an associate professor of biological systems engineering at Washington
State University and a nationally recognized expert who was Washington state’s principle
investigator in a two-year ammonia emissions monitoring study that involved 15 universities
across the U.S., measuring ammonia concentrations in dairy barns and from lagoons.

Research findings, published in peer reviewed journals, revealed that ammonia emissions
were “very low” in the barns and in the immediate air outside the barns.

“Our long-term studies indicate concentrations or levels of ammonia in the barns and air
outside the dairy barns are significantly below the permissible exposure limits set by the
Occupational Safety and Health Administration (OSHA) and National Institute for Occupational
Safety Health (NIOSH),” Ndgwa said. “The data indicates that even in the rare event that a farm
worker is in a barn for an entire eight-hour shift, there should be little safety or health concern
from exposure to ammonia.”

“In an open dry lot, ammonia concentrations averages approximately 1 parts per million,
which is also significantly lower than OSHA and NIOSH levels to trigger any health concerns,”
he said. “Other research data indicate that ammonia emissions from field land following surface
manure application fall in the same order of magnitude as that in barns or dry lots and much
lower if manure is directly injected into the soil — hence the issue of health from these emissions
would not be applicable, too. And for those living adjacent to fields where manure nutrients are
applied, the concentrations they would receive or perceive are much less because ammonia in the
air is dispersed during transport downwind.”

Although ammonia from dairies have little impact on air quality, Valley dairy farmers are
reducing emissions with feed combinations that the cow’s body uses to bur energy, reducing the
amount of manure and ammonia emissions.



The DeRuyter Brothers Dairy in Outlook, for example, employs two full-time veterinarians
who work “cow-side” every day on all aspects of milking cow health, and in consultation with
two professional dairy cow nutritionists for optimal health — and less manure.

“We have a computerized feed program that is connected from the scale to the feed truck.”
Ginny DeRuyter explained. “The computerized (automated) program directs feed staff on how to
mix the feed and what amount of each ingredient is needed. Every new feed is tested in the lab
for nutritional analysis.”

The veterinarians and nutritionists develop feed combinations that the cow’s body uses to
burn energy, reducing the amount of manure, while providing optimum natural milk production.
The DeRuyter dairy operation regularly monitors cow manure emissions for air quality and,
according to the Yakima Regional Clean Air Authority scorecard the DeRuyter farm did very
well by not putting feed into the cow that the cow does not need or use.

Basic nutrition comes from understanding the cow’s physiology. How the cows digest
nutrients in feed results in less manure and ammonia emissions.

“The ammonia comes from the manure that is a combination of feces and urine of whatever
protein was not used or burned by the cows,” Ndgwa said. “While farmers reduce emissions
through feed/nutrition science the amount of ammonia emitted is low and becomes lower the
farther away from the barn, field or lagoon.”

A Yakima Regional Clean Air Agency (YRCAA) task force report on air quality management
policy for dairy operations followed farm site visits by YRCAA teams to 61 Valley dairy farms.
The agency assessed and evaluated each farm’s Best Management Practices utilization, across
eight air pollutants within a diary operation: ammonia (NH3); nitrous oxide (N20); hydrogen
sulfide (H2S); volatile organic compounds (VOC); odor; particulate matter (PM); methane
(CH4) and oxides of nitrogen (NOX).

“We had no issues whatsoever with 85 to 90 percent of the Valley dairy operations where we
scheduled site visits, reviewed the BMP checklist and discussed how best to proceed at each
farm,” said Yakima Clean Air Agency Director Gary Pruitt. “Our crew presents the facts,
explains with dairy farmers what we are up to, and we get buy-in, with several dairy farmers
demonstrating innovative practices to improve air quality and reduce odor.”

“What | know for certain is when one molecule of ammonia reacts with one molecule of
nitrate, while two molecules of ammonia are needed for one molecule of sulfate,” Ndgwa
concluded, “meaning that even the amount of particulate matter that would be formed in the air
from that ammonia would be in similar proportions.”

From the Review Independent: Thursday, January 7, 2016 — Vol 114, No. 1
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Informational Message regarding Asthma in the Yakima Valley

This message from the Friends of Toppenish Creek concerns respiratory health issues in the
Yakima Valley. We believe that the Yakima Regional Clean Air Agency understates problems
and mis-informs the public regarding levels of ammonia in the air.

On January 7, 2016 a Lower Yakima Valley newspaper, the Review Independent, published a
story entitled Study Finds Low Ammonia Emissions at Area Dairies. The same piece was
published in the Yakima Business Times. The second paragraph of that article states:

The Yakima Regional Clean Air Agency continues to work on improving air quality with
local residents and businesses, including farms. Although research reveals small amounts
of ammonia emissions from farms, experts say these emissions are insignificant and do
not pose an overall threat to human health.

There is no way to find the “two-year ammonia emissions monitoring study” and verify the
data. No author is listed. After reading the article Larry Fendell, a concerned citizen and
longtime resident in the valley, contacted Randy Luvaas, the managing editor for Yakima Valley
Publishing. Mr. Fendell asked who did the reporting and investigating. Mr. Luvaas replied that
the article was submitted by the Washington Dairy Commission and was vetted and approved by
Washington State University and the Yakima Regional Clean Air Agency.

The Yakima Regional Clean Air Agency is the authority on air pollution in the valley. This is
the only agency with power to address air problems. YRCAA is aware of the Yakima Air Winter
Nitrate Study that was recently performed by the Washington State Department of Ecology.
YRCAA is aware of the link between ammonia and fine particulate matter and that the county is
at risk for non-compliance for this pollutant. YRCAA is aware of the elevated and increasing
levels of ammonia in Yakima County that have been documented by the Environmental
Protection Agency. YRCAA is aware of the asthma research that has been performed by both
John Hopkins University Bloomberg School of Public Health and the University of Washington
School of Public Health.

On January 13, 2016 citizens attended the monthly board meeting for the Yakima Regional
Clean Air Agency. Jean Mendoza explained to the board that most people in the valley get air
quality information through the media; that the most reliable source of information should be the
agency whose job is protection of the public. When people read this article they will likely



believe that there is no danger to their health from ammonia emissions. YRCAA had an
opportunity to educate the public about the problem. Instead it appears that YRCAA endorsed a
statement absolving the dairy industry of any contribution to the respiratory problems that both
adults and children experience in the valley. Mrs. Mendoza asked the board to direct YRCAA
staff to address the issue with Yakima Valley Publishing and arrange for a public clarification.
Yakima County Commissioner Rand Elliott, acting board chair, state that he would review and
consider the request.

Later during the meeting Hasan Tahat, Environmental Engineer for the agency, defended
YRCAA'’s actions. He had only read the abstract from the U of W research but he quoted the
abstract as though one sentence describing one result outweighed all the rest of the study. The
sentence he quoted said, “We observed no associations between self-reported asthma symptoms
or medication usage and estimated ammonia exposure.” A key finding that Mr. Tahat neglected
was a decrease in pulmonary function for asthmatic children as ammonia levels increased.

This is not the first time that YRCAA has accepted one piece of information that is favorable
to the dairy industry and ignored large volumes of data that point to public health problems. In
2013 citizens asked for a ban on spreading and spraying manure during inversions and presented
over 100 documents to the agency that describe health issues related to CAFO air pollution. The
Washington Dairy Commission presented a literature review that ignored most of these studies
and supposedly proved no risk to public health. YRCAA sided with the dairy commission.

Citizens have complained for twenty years that this agency does not protect the people from
air pollution that comes from industrial dairies. Citizens have documented a pattern of behavior
in which YRCAA defends polluting industries. The owner of a fertilizer plant that is regulated by
YRCAA and was the subject of investigation for air pollution has served on the YRCAA Board
of Directors in the past. A recent addition to the board operates a business that receives
significant income from the dairy industry. Citizens from the impacted Lower Yakima Valley
have applied to serve on the board and have been rejected.

We are waiting to learn how the Yakima Regional Clean Air Agency will inform the public
about the true risks from ammonia air pollution. And we are sending this information to
community leaders who may wish to advocate for the people who live in the Yakima Valley.

Thank you for reading. More data is available on request.
The Friends of Toppesisk Creck

3142 Signal Peak Road
White Swan, WA 98952

(509) — 874 - 2798
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marygranberry

Subject: : Klompe CAFO /living near a CAFO why lining lagoons is not the only problem/fly spray in cow food which goes
into manure
Date: Tuesday, March 01, 2016 11:00:03 AM

When does it go beyond civil and reach criminal?

From: "Kathleen Rogers" <kakaleenal@yahoo.com>
To: "Nancy Helm" <helm.nancy@epa.gov>, "Lucy Edmondson"
<edmondson.lucy@epa.gov>

Sent: Tuesday, March 1, 2016 9:13:17 AM
Subject: Klompe CAFO

Good morning ladies,

Once more | am in tears this morning as | watch helplessly, truck after truck dumping
raw very wet pen manure/mud/straw. Now, its being dumped int he field directly
south of my home on a field that is used for corn and triticale crops. They told me
they have to because they've had such a wet winter, and they have not been able to
get in and clean the pens, and have no place to put this manure. REALLY? Maybe
they have too many cows if they can't manage the manure!

I've worked very well at keeping the peace with my neighboring CAFO owners and
their kids. But this tops the deal. They told me they couldn't do anything else with it
and they had contacted the "composters" already to start when the weather warms

up.

When the weather warms, it will stink to high heaven, this is going to be the WORST
ever type of manure, just across from my beautiful home.I'm an advocate of my town
of Sunnyside, trying to get over the nic name of "Smellyside" or Toilet City. Do you
know how this makes us feel to have to deal with this business?

Please open and read this recent article in the Yakima Herald......

http://www.yakimaherald.com/news/local/ammonia-study-fuels-concerns-over-dairy-
emissions/article 7a37478e-df4d-11e5-a722-ebb4a0d07a37.html
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They owners told me they apply a product called CLARIFLY to their feed at the cost
of $30,000 a month. This product goes through the cow, into the poop and when the
fly larvae are hatched they can't live because it ruins their "skeletal" growth. So this
stuff is in this manure to Kill flies....but when its dried, and the wind picks it up, we are
breathing it. PRoduct info says "Low impact on human life". | know we have a
different cell structure than flies, but just maybe there is a connection to our babies
with no skulls? Just a thought.

| was told by the owner today in a text that water for herds don't need water
rights.....but those laws were for the old fashioned smaller herds not 300,000 head in
the Lower Valley.

| need your help. We need your help. We are drowning in CAFO bi product and no
one cares about us. If its not in your backyard and impacting your lives, its no worry.

I've been in tears all day yesterday and this morning knowing what my home life is
going to live with this summer. Its going to be horrid in a different way than last year
in the drought. Its going to be much worse.

I've contacted the paper, and I'll contact the TV. | called KIMA TV 6 years ago and a
piece was done about this same CAFO and the manure they plopped next to my
neighbors home. I'll do it again.

Since we were little babies, we were told not to touch poop, to wash our hands
immediately if we did, to flush it away and spray the room to rid the smell. But, this is
poop is ok?

Plus we are getting tons and tons of BIO SOLIDS from the West side coming here in
tankers called "LOOP" and its being dumped on our dry lands, and being purchased
by a composter here next to the Yakima River to sell. Its being spread all over on our
Hops and other crops. BUT, this LOOP POOP is NOT heated...it is NOT free of
nasty bacteria, chemicals, pharmaceuticals because its not heated above 100
degrees. I've studied it and found this out. Yet we are allowing it to come onto our
crop fields, on YOUR food sources.

Kathleen Rogers

Reasonability test - is it reasonable to believe that one rain drop is responsible for the flood or drought?
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