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To: NRCB, MD of Willow Creek, Town of Fort Macleod
Greetings:

Re: Application L.A24002 - Notification Letter, Van Huigenbos Farms Ltd. SE 21-9-26-
W4aM

We too are engaged in agriculture, so fully understand the applicants' desire to expand
their business. However, given the test results from scientific studies, I want to advocate
on behalf of my young Grandson and others who live nearby, with serious allergies. He
lives approximately 1.5 miles from the proposed feedlot and an expansion to 16,500 head
could possibly impact his health so adversely that he would be forced to move from his
home. According to studies, airborne Bos d 2 (allergen) and ammonia concentrations
begin to diminish after a 3 mile distance but exposure even at this distance has known
human health effects. The subject location is simply too close to Residences and too close
to the Town of Fort Macleod limits. Scarcity of water supply, pollution of Willow Creek
and surrounding drinking water wells, pose risks we should not be taking. This
application raises serious concerns for us all and should be REJECTED.

There will be a TOWN HALL MEETING on Saturday, May 4th 10:00 am at the old
Court House building on 23rd St. I have been notified that everyone is welcome to
attend.

Name: Bernadette McNab & Marc McNab
Legals: NE23-9-26-W4M, SW25-9-26-W4M

Regards,
Bernadette McNab



/& Agriculture Centre, 100, 5401 1 Avenue S
Lethbridge, Alberta T1J 4V6

NRCB Natural Resources 403-381-5166
Conservation Board www.nrcb.ca

April 11, 2024
To: Landowner or Resident

Re:  Application LA24002 - Notification Letter
Van Huigenbos Farms Ltd.
SE 21-9-26 W4M

The Natural Resources Conservation Board (NRCB) has received an application from Van
Huigenbos Farms Ltd. to expand a confined feeding operation (CFO) at SE 21-9-26 W4M. The
application is to increase beef feeder calf numbers from 2,500 to 16,500; reduce beef feeder
numbers from 1,200 to 0; construct east pens (153.4 m x 36.9 m); west pens (160.3 m x 36.9 m);
north pens (160.3 m x 36.8 m); north catch basin (130 m x 40 m x 2 m deep); and south catch basin
(105 m x 36.6 m x 2 m deep). Under the Agricultural Operation Practices Act (AOPA), the NRCB is
responsible for regulating CFOs in Alberta.

The NRCB will conduct a detailed technical review of the application to ensure it meets the
requirements of the Act and regulations.

This letter is being sent to all persons who own or reside on land within 1.5 miles of the CFO as
identified by the MD of Willow Creek or the Town of Fort Macleod. Under AOPA, an “affected party”
is entitled to receive notice of the application. The location of your land or residence is within the
notification distance from the CFO, as set out by AOPA.

The application is available for viewing online at www.nrcb.ca (under Confined Feeding Operations /
Notice of Applications) or at the Lethbridge office by appointment. The notice of the application will
be published in the April 17, 2024 issue of the Macleod Gazette.

If you would like to submit a response that expresses your concern or support for the application
under AOPA, please send it to my attention at the address on this letter, or by email at
kelsey.peddle@nrcb.ca. Your response must be received in writing on or before 4:30 pm on May
15, 2024. Your response must include:

your name,
the legal land description of the land you reside on and/or own,

your contact information: mailing address; phone number; and email address, and,
an explanation of your support or concern (including any relevant documents).

All responses are considered public documents and may be posted on the NRCB'’s public website. A
copy will be given to the applicant. If your response includes concerns that do not fall under the
authority of the NRCB, it may be forwarded to other agencies. If you would like all or part of your
response to be considered confidential, please identify in your response the part(s) that should be
confidential and why.

Parties who submit responses will receive a copy of the decision and may have an opportunity to
request a Board review of the decision should they disagree with all, or portions of it.

If you have any questions or concerns, please contact me at 587-334-2560 or
kelsey.peddle@nicb.ca.

Yours truly,
i 1

Kelsey Peddle
Approval Officer
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ORIGINAL ARTICLE

Cow allergen (Bos d2) and endotoxin concentrations are higher
in the settled dust of homes proximate to industrial-scale dairy
operations

D’ Ann L. Williams', Meredith C. McCormack’, Elizabeth C. Matsui’, Gregory B. Diette'?, Shawn E. McKenzie', Alison S. Geyh' and
Patrick N, Breysse'

Airborne contaminants produced by industrial agricultural facilities contain chemical and biological compounds that can impact
the health of residents living in close proximity. Settled dust can be a reservoir for these contaminants and can influence long-term
exposures. In this study, we sampled the indoor- and outdoor-settled dust from 40 homes that varied in proximity to industrial-
scale dairies (ISD; industrial-scale dairy, a term used in this paper to describe a large dairy farm and adjacent waste sprayfields,
concentrated animal feeding operation or animal feeding operation, that uses industrial processes) in the Yakima Valley,
Washington. We analyzed settled dust samples for cow allergen (Bos d2, a cow allergen associated with dander, hair, sweat and
urine, it is a member of the lipocalin family of allergens associated with mammals), mouse allergen (Mus m1; major mouse allergen,
a mouse urinary allergen, in the lipocalin family), dust mite allergens (Der p1 (Dermatophagoides pteronissinus 1) and Der f1
(Dermatophagoides farinae 1)), and endotoxin (a component of the cell walls of gram negative bacteria, lipopolysaccharide, which
can be found in air and dust and can produce a strong inflammatory response). A concentration gradient was observed for Bos d2
and endotoxin measured in outdoor-settled dust samples based on proximity to ISD. Indoor-settled dust concentrations of Bos d2
and endotoxin were also highest in proximal homes. While the associated health effects of exposure to cow allergen in settled dust
is unknown, endotoxin at concentrations observed in these proximal homes (100 EU/mg) has been associated with increased
negative respiratory health effects. These findings document that biological contaminants emitted from ISDs are elevated in
indoor- and outdoor-settled dust samples at homes close to these facilities and extend to as much as three miles (4.8 km) away.

Journal of Exposure Science and Environmental Epidemiology (2016) 26, 42-47; doi:10.1038/jes.2014.57; published online 20 August 2014

Keywords: environmental monitoring; inhalation exposure; particulate matter; pulmonary disease

INTRODUCTION

In the last 50 years, the industrialization of agriculture has
changed rural environments. Regulatory agencies attempting to
meet federal and state air and water quality standards are
progressively more concerned about emissions from industrial-
scale farming facilities.'? A number of hazardous airborne
contaminants are produced by industrial-scale animal facilities
(IAF, a term used to describe industrial farms and facilities with
animals used for food production, cow, swine, and fowl) and there
is a valid concern that communities located close to these facilities
are at increased risk for negative health outcomes associated with
exposure to particulate matter (PM) containing animal waste pro-
ducts and other pollutants released from IAF.-%

To investigate the impact of industrial-scale dairies (ISD), facility
and adjacent sprayfields, on community exposures, we conducted
an assessment of settled dust content in and around residences of
the Yakima Valley, an arid region in Washington State experien-
cing the growth of ISDs. We chose settled dust components
thought to be carried through the air as PM that could be tied to
the presence of dairy operations including cow allergen (Bos d2)
and endotoxin, Endotoxins are ubiquitous biologically active

components of bacteria and dust, and do not need to be trans-
ported by a viable organism to be a health concern, We also chose
to analyze settled dust samples for mouse allergen and dust mite
allergens as negative controls, since these allergens are not
associated a priori with dust transport from dairy facilities. In a
previous paper, we reported that airborne PM concentrations were
1.3 times higher inside homes close to the dairy facilities compared
with homes that were farther away.” Bos d2, a cow allergen and
component of airborne particles, was 10 times higher showing a
distinct difference in the composition of airborne particulate matter
based on proximity to ISD.” Measured components of settled dust
such as allergens and endotoxin, a powerful inflammatory agent
that can act synergistically with other agents to cause respiratory
health effects,'® can serve as impartant indicators for evaluating
integrated exposure over time to contaminants that may be
associated with home, local, or regional health hazards."'

To add to our previous work which investigated potentially
shorter-term airborne exposure to contaminants, in this paper we
report on the distribution of dairy-related animal waste con-
taminants found in settled dust inside and outside homes as a
function of distance to the dairy facilities.

'Department of Environmental Health Sciences, Johns Hopkins Bloomberg School of Public Health, Baltimore, Maiyland, USA and “Johns Hopkins School of Medicine, Baltimoie,
Maryland, USA, Correspondence: Dr. D'Ann L. Williams, Department of Enviconmental Health Sciences, Johns Hopkins Bloomberg School of Public Health, 615N, Wolfe St, Room

E6618, Baltimore, MD 21205 USA
Tel: 410-614-5755. Fax: 410-955-9334
E-mail: dwilli20@jhu.edu

Received 4 Septerber 2013; accepted 12 May 2014; published online 20 August 2014
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MATERIALS AND METHODS
Sample Population and Settled Dust Collection

A total of 40 homes in the Yakima Valley, representing a range of distances
to commercial dairy facilities, were recruited for participation in this study.
Methods used to identify potential homes for recruitment are discussed in
detail elsewhere ® Homes that had a dairy worker or cows on the property
and those that had smoking of any kind were excluded. In addition, the
participant must have resided in the home for at least six months to be
included. Settled dust samples from each house were collected and
analyzed for cow allergen (Bos d2), endotoxin, mouse allergen {Mus m1),
and dust mite allergen (Der p1 and Der f1), Cow allergen was chosen as a
dairy-specific surrogate for determining the influence of contaminants
from dairies. Endotoxin, also associated with animal waste products, is a
less specific indicator, however, since there are other potential non-dairy
sources (e.g., humans, grains, pets, and other animals) of dust contamina-
tion. We also chose three common indoor allergens, mouse and dust mite,
not expected to be associated with proximity to dairies to serve as
negative controls.

Indoor and outdoor vacuum dust samples were collected using an Oreck
BB1100DB, portable vacuum cleaner (Oreck, Cookeville, TN, USA} equipped
with MITEST adaptors following Indoor Biotechnologies dust collection,
and processing protocols (Indoor Biotechnologies, Charlottesville VA, USA).
Samples were stored in a 0 °F freezer in Yakima and shipped overnight to
JHSPH at 4 °C and then stored in a - 20 °C freezer at JHSPH until blinded
analysis. Dust was pre-processed using a number 50, 350 yum diameter
sieve, VWR No, 57332146 (VWR, Bridgeport, CT, USA). Dust sieves were
cleaned using pyrogen-free techniques and dust was stored in pyrogen-
free glass vials. Dust was then aliquoted and a portion of the sample was
analyzed for Bos d2, Mus m1, Der p1 and Der f1 allergens, and endotoxin.

Settled dust samples were collected in homes following established pro-
tocols.'? Indoor-settled dust samples were collected from three surfaces:
(1) from a bed and carpeting around the bed in a bedroom; (2) from an
upholstered piece of furniture; and (3) from a hard surface which was off of
the floor, such as an elevated shelving unit or window sill. Seven partici-
pants did not allow vacuuming in the bedroom, so an extra upholstered
surface in the primary living area was vacuumed instead.

Samples from each surface were analyzed separately in three categories:
bedroom, soft furniture, and hard surface when sufficient dust was
available. In five homes, there was an insufficient amount of dust collected
for analysis of these individual categories, so the samples from the three
areas were pooled and only one indoor-settled dust value was obtained for
those homes. To allow statistical comparison of all home groups, results for
the three indoor samples for each home were averaged and one mean
value was reported per home for all analytes. To confirm the rationale for
pooling dust samples, we compared analyte results by site of sample
{bedroom, soft furniture, and so on) when all three were available and
found no statistical difference between sample sites using Kruskal-Wallis
analysis.

Outdoor settled dust samples were collected using the same methods
as indoor samples, Samples were collected in a location off of the ground
in the outdoor environment that would be subjected to airborne dust
accumulation. Outdoor carpets or doormats were not sampled as the dust
would not entirely be representative of settled dust, since dust on these
surfaces can include particles carried on shoes and other physical items.
Shelving, tables, chairs/outdoor furniture were preferentially chosen when
available, If these options were not available, window sills, door frames,
and house siding were sampled, When more than one outdoor-settled
dust sample was analyzed for individual homes, these values were
averaged and one mean value was reported by home.
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Cow allergen and endotoxin concentrations
Williams et af

@

Housing Characteristics

Housing characteristics including house age, number of people living in
the home, self-reported or observed evidence of a pet typically cats or
dogs, presence of livestock other than resident cows or cattle, and
presence of air conditioning were noted for each home using standardized
questionnaires."*

Sample Analysis

Bos d2 concentrations were deternmined from the sieved settled dust
samples by Indoor Biotechnologies Charlottesville, VA, USA using an
enzyme-linked immunosorbent assay.'* Sieved settled dust was analyzed
for Mus m1 and Der f1, Der p1 in the Matsui Laboratory, Johns Hopkins
Schoal of Medicine. Mus m1, Der p1, and Der f1 were analyzed by enzyme-
linked immunosorbent assay.'*'® The analytical detection limits for the
analysis of the allergens Bos d2, Mus m1, Der p1, and Der f1 were 0.03 ug/g,
3.9ng/g, 39 ng/g, and 9.8 ng/g, respectively,

Endotoxin was measured in sieved settled dust samples using Limulus
amebocyte lysate (Limulus amebocyte lysate analysis used to measure
endotoxin, made from the blood of a horseshoe crab) analysis as a single
batch by the Thorne Laboratory, University of lowa. The detection limit of
aitborne endotoxin concentrations was 0,024 EU/m."”

Statistical Analysis

Exploratory data analysis was conducted using Microsoft Excel (Redmond,
WA, USA) and Stata SE 11.0 (College Station, TX, USA), Data were examined
and descriptive statistics were generated to determine measures of central
tendency and data distributions. Student's t-tests were used to compare
results among proximal, intermediate and distal homes. As the data were
not normally distributed, analytes were compared by group using the non-
parametric Kruskal-Wallis test and the Mann-Whitney U-test. Samples that
were below the limit of detection of the analytical method were assigned
a value of one-half the limit of detection and retained for statistical
analysis."®

RESULTS

Homes Evaluated and Housing Characteristics

A total of 83 homes were contacted and 40 homes agreed to allow
environmental sampling. Homes were stratified into three groups
to evaluate proximity and different exposure profiles, 20 proximal
homes (0.25 mile, 0.4 km) or less to an ISD, seven intermediate
homes (greater than 2.5-3 miles, 4-4.8 km) from and ISD and 13
distal homes (greater than 3 miles, greater than 4.8 km) from an
ISD. Participant identification, recruitment and housing character-
istics, and rationale for distance stratification are summarized
in our previous publication.’ In general, characteristics of study
homes by age of home, number of people living in home, air
conditioning use, and pet presence were not significantly different
by home group.

Settled Dust Sample Results and Study Home Comparisons

Table 1 provides a summary of the overali sampling (indoor and
outdoor) results. Bos d2 was detected in 50% of the settled dust
samples. Endotoxin was detected in 100% of settled dust samples.
Mus m1 was detected in most homes (77%), while dust mite

43

Table 1. Summary statistics of settled dust samples.

Sample n % LOD LOD Mean D Minimum Median Maximum
Bos d2 (ug/q) 104 47 0.06 1.29 3,7 0.03 0.07 286
Endotoxin (EU/mq) 98 0 NA 135 240 5.4 77 1960
Mus m1 (ng/qg) 99 23 2.2 4723 12131 1.1 42 8960
Der p1 (ng/qg) 99 84 61 305.1 1337.8 31 31 9145
Der f1 (ng/q) 99 96 358 323 838 18 18 781
Abbreviations: LOD, line of detection; NA, not applicable.

© 2016 Nature America, Inc, Journal of Exposure Science and Environmental Epidemiology (2016), 42 -47
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Table 2. Summary of outdoor-settled dust samples—proximal (P), intermediate (I} and distal (D)homes.
Analyte Home type nn <LOD) Mean SD Median IQR Max P-value®
Bos d2 (ug/qg) Proximal 19 (4) 39 7.1 0.52 4.6 286 Pvs D < 0.01
Intermediate 7(3) 0.18 0.22 0.08 027 062 Pusl 007
Distal 13 (10) 0.99 3.4 0.03 0 124 Dwsl 0.15
Mus m1 (ng/qg) Proximal 20 (0) 160 596 " 29 2683 Pvs D 0.68
Intermediate 5(3) 77 169 1 4 379 Pvs| 0.46
Distal 12 (0) 34 63 3 40 211 Dwsl 077
Endotoxin (EU/mg) Proximal 20 (0) 194 181 132 138 712 Pvs D < 0.001
Intermediate 5(0) 120 135 63 70 356 Pvsl 0.15
Distal 12 (0) 42 45 28 18 170 Dwvsl 0.05
Abbreviations: IQR, interquartile range; LOD, limit of detection “Kruskall-Wallis—# for trend values are the same
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Figure 1. Box plot comparing outdoor and indoor log concentra-

tions of Bos d2 in settled dust between proximal, intermediate, and
distal homes.

allergen was rarely detected in settled dust samples (3 and 15%
for Der p1 and Der f1, respectively).

Outdoor settled dust. Outdoor settled dust concentrations of
cow allergen, mouse allergen, and endotoxin are summarized in
Table 2, and illustrated in Figures 1 and 2. Cow allergen in outdoor
dust followed a concentration gradient from proximal to distal
homes. Cow allergen was detected in 79%, 57%, and 23% of
proximal, intermediate, and distal homes, respectively. Median
cow allergen concentrations in proximal homes were 17 times
higher (P < 0.01) than distal homes. Differences in cow allergen
between proximal and intermediate homes trended toward
significance (P=0.07), while intermediate homes were 2.7 times
higher (P=0.15) than distal homes.

Endotoxin was detected in 100% of outdoor samples. Similar
to cow allergen, endotoxin concentrations exhibited a distinct
gradient with distance. Median endotoxin concentrations in the
outdoor dust of proximal homes was five times higher (P < 0.01)
than distal homes and intermediate homes were two times higher
(P=0.05) than distal homes.

Median outdoor dust concentrations of mouse allergen were
not significantly different between proximal and distal homes.
Mouse allergen concentrations were lowest in the intermediate
homes with only two out of five samples above the limit of
detection. Dust mite allergens were not found in any of the
outdoor-settled dust samples from distal or intermediate homes
and in proximal samples only two of 20 were above the limit of
detection.

Journal of Exposure Science and Environmental Epidemiology (2016), 42 -47

Figure 2. Box plot comparing outdoor and indoor log concentra-
tions of endotoxin in settled dust between proximal, intermediate,
and distal homes. Reference line indicates associated health effects
level of 100 EU/mg.

Indoor-settled dust. Indoor-settled dust sampling results for
proximal, intermediate, and distal homes are summarized in
Table 3, and illustrated in Figures 1 and 2. Similar to outdoor dust
results, indoor cow allergen was observed with 80%, 86%, and
46% of dust samples having detectable cow allergen in proximal,
intermediate, and distal homes, respectively. As with the outdoor-
settled dust and proximity, the indoor Bos d2 concentrations in
the settled dust of proximal and intermediate homes were
statistically similar as illustrated in Figure 1. Indoor concentrations
of Bos d2 in both proximal and intermediate homes were higher
than distal homes (six and eight times higher, respectively).

Median indoor endotoxin dust concentrations were two times
greater in proximal homes compared with intermediate (P=0.03)
and three times greater than distal homes (P=0.02). While
endotoxin concentrations in distal homes were 1.3 times higher
than the intermediate homes, this difference was not statistically
significant. Indoor concentrations of endotoxin in settled dust
significantly vary with distance to facility as illustrated in Figure 2.

No concentration gradient with distance was observed for
indoor mouse allergen. Mouse allergen median concentrations
in indoor-settled dust were not significantly different between
proximal (1105ng/g) and distal homes (1303 ng/g). However,
Mus m1 was five times higher in the indoor dust of proximal
homes compared with intermediate homes, median 1105 ng/g
and 240 ng/g, respectively (P=10.02), as shown in Table 3. For all
homes, aver 57% of indoor-settled dust mite, Der p1 and Der f1,
concentrations were below the limit of detection and further
statistical analysis was not conducted.

© 2016 Nature America, Inc,
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Table 3. Summary of indoor-settled dust samples—proximal (P), intermediate (I) and distal (D) homes.
Analyte Home type nn <L0D) Mean SD Median IQR Max P-value®
Bos d2 (ug/g) Proximal 20 (4) 0.87 228 0.22 0.35 10.2 PvsD 0.04
Intermediate 7 1.25 216 0.24 1.52 6.0 Puvs | 0.56
Distal 13(7) 0.23 0.44 0.03 0.03 14 Duwsl 0.04
Mus m1 (ng/g) Proximal 20 (0) 1122 1536 450 1567 5528 Pvs D 0.22
Intermediate 710) 233 454 46 93 1266 Puvsl 0.02
Distal 13 (0) 1302 3226 252 650 11908 Duwvsl 0.19
Endotoxin (EU/mg) Proximal 20 (0) 178 266 17 65 1237 PvsD 0.02
Intermediate 7 (0) 69 35 78 62 115 Pwvs| 0.03
Distal 13 (0) 133 264 54 67 998 Duvsl 0.60
Abbreviations: IQR, interquartile range, LOD, limit of detection, *Kruskall-Wallis-P for trend valuies are the same.

DISCUSSION

Results of this study indicate that pollutants associated with waste
products from ISD facilities are present at higher concentrations in
the indoor- and outdoor-settled dust of proximal homes (within
0.25 miles, 0.4km) compared with distal homes [greater than
3 miles, 4.8 km). Potential sources of cow allergen and endotoxin
in the Lower Yakima Valley include a large number of ISD facilities
and a single cattle feedlot. There are no other large-scale animal
operations of other species in the valley. As expected, mouse
allergen, a contaminant not specifically related to dairy facilities,
showed no clear concentration gradient by home proximity to ISD.

Bos d2

The detection of cow allergen is significant and was chosen as a
dairy-specific surrogate to determine the spatial extent of
contamination from dairies. Since homes with dairy workers or
homes with resident cows were excluded from this study, the
presence of cow allergen in both outdoor and indoor dust
suggests that the contamination was likely due to the resuspen-
sion of waste materials from the dairy operations (or the single
feedlot) or from the application of these ISD wastes to
surrounding fields, Its detection suggests that cow allergen may
be an important health risk for allergic sensitization and disease,
as well as an asthma trigger for sensitized individuals.*'® 2" In our
study, cow allergen was detected in 31% of the distal homes that
were more than 3 miles from an ISD. In addition, the detection of
cow allergen serves as a surrogate for other potentially harmful
exposures that may also be present in affected communities due
to the dispersal of waste contaminants from the facilities.

The health consequences of the accumulation of dairy asso-
ciated waste products in the homes in the Lower Yakima Valley
are uncertain but warrant future investigation. Health studies of
IAF workers report that workers suffer from a range of adverse
health effects including but not limited to, cardiovascular and res-
piratory diseases, skin disorders, cancer and non-cancer diseases
related to pesticides.”* #* Occupational studies which investigated
Bos d2 found exposures can induce respiratory inflammation,
rhinitis, and dermatitis among sensitized dairy workers,2%2%2
Elevated concentrations of cow allergen have been found inside
barns, sheds, stables, and the living quarters of current dairy farm
workers and in homes of former dairy workers.'®?®

In our study, six indoor dust samples had concentrations of Bos
d2 in settled dust above 1 ug/g. Three of the 20 proximal homes
in this study had Bos d2 concentrations above 10 ug/g, with one
sample found to contain 28 ug/g Bos d2. These concentrations fall
into a range relevant to health as discussed below. It is important
to note that the analysis of Bos d2 is not commonly conducted
and that results obtained using different analytical methods to
detect allergens should be compared with caution.”® Hinze et al.'®
measured settled dust concentrations of Bos d2 in the homes of

© 2016 Nature America, Inc,

German dairy workers which were not attached to barns, ranging
from 40 to 82 ug/g. Living quarters that were located in the same
building as the cows had settled dust Bos d2 concentrations
ranging from 103 to 150 ug/g. For workers who were sensitized to
cow allergen, IgE responses occurred at Bos d2 concentrations
ranging from 1 to 20 ug/q in dust collected from floors in their
homes which were part of a dairy farm.*® These findings suggest
that even relatively low concentrations can elicit systemic
responses in sensitized individuals. Our findings for homes in
close proximity to, but not located on an ISD are in the lower end
of ranges reported for occupational expasures.

Our study results indicate that outdoor cow allergen demon-
strated a clear pattern of decrease from proximal to intermediate
to distal. However, while indoor concentrations of Bos d2 in
settled dust were significantly greater in proximal compared with
distal homes, proximal and intermediate homes were statistically
indistinguishable. The penetration of pollutants from outdoors
to indoors is governed by many complex factors that can be
influenced by the air-exchange rates from outdoors to indoors
that were not assessed as a part of this study. These include type
of heating and air conditioning, the opening and closing of doors
and windows, the housing style and construction, the amount of
insulation, among other factors. These factors may explain why
the pattern of decrease in indoor cow allergen was not the same
as observed for outdoor samples.

While we don't have direct evidence that the cow allergen came
from dairy facilities, the spatial association with distance provides
strong indirect evidence that the dairies are the source of the
pollution and suggest that dairy facilities could impact in-home
dust concentrations at a distance of up to 3 miles (4.8 km) from
ISD. It is possible that cross-reactivity with other allergens may be
interfering with the cow allergen assay contributing some of the
variability.?' The paucity of data on cow allergen concentration in
typical houses precludes comparison with household cow allergen
exposure in the general population.

Endotoxin

As a component of animal manure, endotoxin is generally found
in greater amounts in agricultural environments but can vary
greatly deeending on the environment and agricultural processes
used.'”**"* Mueller-Anneling et al.*” conducted an evaluation of
endotoxin in air samples of various agricultural environments in
California. In the California study, the highest airborne concentra-
tions of endotoxin were found in the ambient air of a community
in close proximity to industrial dairy production and were
associated primarily with PM,,. In lowa, the same group measured
airborne endotoxin at sites in close proximity to a swine facility
and also found elevated concentrations close to facilities.*’®
While we did not measure airborne endotoxin as a part of our
study, settled dust is considered a reservoir for airborne materials
through surface deposition. Our settled dust results are therefore
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consistent with the above-mentioned studies that found higher
airborne endotoxin close to swine and dairy facilities.

Waser et al.” studied settled dust in farm and non-farm homes
in Germany, Austria, and Switzerland and concentrations of
endotoxin in farming homes were up to two times higher than
those of non-farming homes depending on country and sample
location.* Schram et al.*® also found that endotoxin concentra-
tions in settled dust were 1.2-3.6 times greater in farm environ-
ments as compared with other non-faming environments.
Endotoxin concentrations measured in our study in the United
States extend the findings of these European studies with indoor
proximal (rural) environments being approximately two times
higher than distal environments and outdoor proximal environ-
ments being approximately 4.5 times higher than distal (urban)
environments.

Thorne et al.*' report that the influence of IAF on airborne
endotoxin levels diminish to background at about 500 ft (0.15 km)
from the facility to the "no effect level” of 50ug/m’. The
relationship observed in this study between endotoxin levels in
settled dust and distance to facility suggests that airborne PM
from these facilities can influence endotoxin levels in airborne and
settled dust across a much wider geographical area, greater than
3 miles (4.8 km) or 15840 ft.

Thorne et al.*" also found that endotoxin concentrations in
settled dust were highly correlated with increased asthma dia-
gnosis, asthma symptoms, asthma medication use, and wheeze
in the National Survey of Lead and Allergens in Housing study.
Concentrations on the order of 100 EU/mg, found in urban home-
settled dust were associated with jnfant wheeze during the first
year of life.*” Over 55% of the proximal homes in this study had
indoor concentrations of endotoxin that were over this threshold
of 100 EU/mg; in contrast, these health-relevant concentrations
were observed in only 23% of distal homes.

Outdoor concentrations of endotoxin followed the same trend.
Thirteen of 20 proximal homes vs only one distal home had
outdoor endotoxin concentrations greater than 100 EU/mg. We
found dust concentrations of endotoxin that are relevant to
respiratory health effects in both the indoor and outdoor environ-
ments of proximal homes. These health-relevant concentrations
will likely affect exposed populations which include children,
atopic individuals, the elderly, and other susceptible populations
at distances far ?reater than just those immediately adjacent to
dairy facilities.**2

Like Bos d2, endotoxin was also spatially associated with
proximity to dairy facilities. While endotoxin has other sources
and is therefore not exclusively the result of living close to dairies,
the overlapping patterns of increasing dust concentration with
proximity to dairies for both cow allergen and endotoxin strongly
suggest that living close to ISD results in an increase in exposure
to waste products which accumulate in dust both inside and
outside of the home and may be relevant to health outcomes.
These contaminants can include microorganisms associated with
animal wastes including Escherichia coli and other bacteria; chemicals,
growth hormones and antibiotics used in dairy operations and
excreted by the animals.***

Limitations

As in most observational studies, there are associated limitations.
This cross-sectional study gives us only a snapshot of the exposure
profile and the applicability of these results must be interpreted
with some caution. A more comprehensive assessment should
include measurements over longer periods of time and across
multiple seasons.

Comparisons using the intermediate homes are limited by
sample size (n=7). Another limitation is that information on home
cleanliness, recreational exposure to cattle, and use of cow
manure as a home fertilizer was not collected. Other information
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that was not collected was wind direction and orientation to
facility. The absence of current and accurate information on the
specific farming processes used, number of facilities, number of
cows, actual facility size including sprayfields and other factors
that may play a significant role for exposure could account for the
observed variability in both Bos d2 and endotoxin concentrations
in this study.

We did not take wind direction into account in our interpreta-
tion of the impact of proximity. The absence of wind information
is not a significant limitation, since the dust samples were
collected from locations thought to represent long-term (months)
accumulation. While the prevailing wind direction is west to east,
the wind direction at any location is highly variable from day to
day depending on the time of year and local weather events.

CONCLUSION

This study provides additional evidence that contaminants asso-
ciated with waste products from ISD facilities are found in settled
dust inside and outside homes up to a distance of greater than
3iles (4.8 km) away. More than half of the homes within 0.25 mile
(0.4 km) of a dairy facility had elevated endotoxin concentrations
in settled dust which were observed at concentrations relevant
to adverse health outcomes, In addition, Bos d2 concentrations
observed in this study may be a source of exposure to sensitized
individuals, leading to health effects, as allergen exposure has
been found to be a risk factor for asthma exacerbation. These
findings reinforce community concerns about exposure to waste-
related pollutants associated with ISD and substantiate the need
for larger, well-designed health studies of communities influenced
by ISD facilities.
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Abstract

operate

from dairy operations

Background: Comrmunity exposures to envitonmental contaminants from industrial scale dairy operations are
poorly understood. The purpose of this study was to evaluate the impact of dairy operations on nearby
communities by assessing airbarne contaminants (particulate matter, ammaonia, and cow allergen, Bos d 2)
associated with dairy operaticns inside and outside homes.

Methods: The study was conducted in 40 homes in the Yakima Valley, Washington State where over 61 daiies

Results: A concentration gradient was observed showing that airborne contaminants are significantly greater at
homes within one-quarter mile {04 km) of dairy facilities, outdoor Bos d 2, ammonia, and T were 60, eight, and
two times higher as compared to homes greater than three miles (4.8 km) away. In addition median indoor
airborne Bos d 2 and ammonia concentrations were approximately 10 and two times higher in homes within one-
quatter mile (0.4 km) compared 1o homes greater than three miles {48 km) away

Conclusions: These findings demanstrate that dairy operations increase community exposures o agents with

known human health effects This study also provides evidence that airborne biological contaminants (ie cow
allergen) associated with airborne particulate matter are statistically elevated at distances up to thiee miles (48 km)

Background

The United States has witnessed the industrialization of
the dairy industry over the last 40 years [1]. As a result,
larger dairy facilities are now concentrated into fewer
regions around the nation. The US Department of Agri-
culture (USDA) reports that between 1970 and 2000 the
number of dairies nationwide decreased from 650,000 to
90,000. However, the number of dairy cows only
declined from 12 to nine million while the average herd
size increased 500% [1]. Though dairies are found in all
50 states, over a third of the all dairy animals are cur-
rently found in only two states [2]. For the purposes of

alabe a:

( ) BioMled Central i Lirtoa

livef o ST

this paper industrial scale dairies will be defined as
operations that house over 500 animals.

Industrial food-animal production (IFAP) facilities are
often located within or close to communities and
reports of odors and concerns about health effects are
common [3-5]. A number of airborne contaminants are
produced by IFAP facilities, many which are unregu-
lated. These include biological and biogenic aerosols,
and gases such as ammonia, methane, and hydrogen sul-
fide. Unlike industrial sources, little is known about the
airborne emissions from IFAP or potential community
exposures. This is in part due to the virtual absence of
agricultural air emission regulations and rural monitor-
ing programs [6-9]. A Workgroup on Health Effects of
Airborne Exposures from Industrial Scale Animal
Operations concluded that there is a Jack of data on
community exposure to and health effects of odors and
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complex mixtures emanating from animal operations
10,11].

Within pre-existing communities in many areas of the
country animal facilities have expanded both in size and
processes in the last 10 to 15 vears [2]. As a result, resi-
dents within these communities often found themselves
suddenly living next to sprayficlds where facility animal
wastes are applied or barns containing thousands of ani-
mals. A few studies have suggested that the distance
between a home and the [acility may be an important
determinant of exposure [12-16] however these studies
did not specifically measure pollutant concentrations
both inside and outside of homes nor did they evaluate
pollutant concentrations at homes that were potentially
unaffected.

To assess the impact of [FAP tacilities on local com-
munity exposures to dairy-related contaminants, we

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3 184623/pdf/147...
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conducted a study in Yakima Valley, Washington State
where industrial dairy operations are concentrated in
close proximity to surrounding communities. Dairy
operations in the Yakima Valley are very large in terms
of herd size and animal density. The 2009 Lower
Yakima Valley Groundwater Quality Report identified
61 dairies between Prosser and the City of Yakima (49
mi, 79 km) housing approximately 207,000 cows [17]
(Figure 1). While the 2007 USDA Agricultural Census
reported that only 5% of all dairy operations have 500
cows or more, 72% of the operations in the Yakima Val-
ley housed over 500 cows [2,18].

Agricultural dusts and crustal components typically
make up the majority of airborne particles in farming
communities. When airborne particulate matter (PM)
settles, it can become resuspended by human activity,
erosion and wind. It can remain airborne for weeks,
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and be transported for hundreds of miles [19,20]. Air-
borne particles from industrial scale animal operations
can act as vectors for transmission of adsorbed chemi-
cals, endotoxin, allergens and other biological agents
[21-24].

Cows are the only source of Bos d 2, thus making it a
specific indicator of dairy facilities in homes without
resident cows. Bos d 2, a member of the family of lipo-
calins, allergic proteins, is associated with cow dander,
sweat and urine. Cow allergen has been found at ele-
vated concentrations in the air and dust inside barns,
sheds, stables and the living quarters of dairy workers
[25,26].

Ammonia is a gaseous contaminant resulting from the
breakdown of manure and urine. It has a low odor
threshold and is one of the primary factors in the
diminishment of quality of lite for residents of commu-
nities impacted by [FAP facilities [4,27]. It is corvosive
and can be a powertul irritant to skin, eyes, and diges-
tive and respiratory tissues [28].

In this paper we compare the distribution of dairy-
related air pollutants (particulate matter and ammonia)
and an allergen (Bos d 2 cow allergen) in homes close
to dairy facilities compared to homes that are farther
away.

Methods

Study Population

The study was approved by the Johns Hopkins Bloom-
berg School of Public Health and the Fred Hutchinson
Cancer Research Center Institutional Review Boards. To
be eligible for the study the consenting adult must have
lived in the home for a minimum of six months. Exclu-
sion criteria included homes that contained a resident
dairy facility worker, cows on the premises, or indivi-
duals who worked in orchards or vineyards where man-
ure spreading occurred. Homes that allowed smoking of
any kind were also excluded as smoking influences PM
concentrations.

Target recruitment included 20 homes defined as
proximal and 20 homes defined as distal to a dairy
operation. Proximal homes were defined as those within
a % mile (0.4 km) of an active dairy facility or adjacent
sprayfield where dairy operation waste is applied. Distal
homes were defined as those three miles (4.8 km) or
more from an active dairy facility or sprayfield. Geo-
graphic areas of interest were identified in a two-stage
approach using data available in ArcView GIS 9.2 (Red-
lands, CA). Georeferenced buffers were constructed
which incorporated dairy facility and sprayfield location
using data accessed through publicly available state
databases [18,29]. Buffers were layered onto a parcel
basemap from the Yakima County Government [30].
Associated parcel information was extracted from the
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Yakima County Tax Assessors [31] database. A total of
850 eligible proximal parcels with homes and more than
10,000 potentially eligible distal parcels with homes
were identified.

Environmental Monitoring

Environmental monitoring focused on airborne pollu-
tants including PM, cow allergen (Bos d 2) and ammo-
nia. While ammonia is not specific to cow waste, in this
study there were no known ambient sources other than
the animal facilities that would influence ammonia con-
centrations. In each home, matched indoor and outdoor
samples were collected over a period of five days from
June 10 to August 19, 2008. For each sampling event
one proximal home and one distal home were paired
and sampled on the same days.

Each air sampling set-up included a total dust (TD),
ammonia (NH3), and a second hand smoke (SHS) sam-
pler. The indoor set-up was placed in a common living
area approximately 1.5 m off of the floor. The outdoor
set-up was placed on a table or elevated surface that
was approximately 1.5 m oft the ground. Outdoor set-
ups were protected by a weather resistant housing.

Airborne TD samples were collected using a closed-
face VIWR 37 mm sampling cassettes (VWR, Bridgeport,
CT) pre-loaded with 37 mm Teflo® filters, (Pall-Gelman,
Ann Arbor, MI) at the Johns Hopkins Bloomberg
School of Public Health (JHSPH). BGI sampling pumps
(BGI, Waltham, MA) were pre- and post-calibrated
using a Bios DryCal primary standard (Bios Interna-
tional, Butler, NJ). After sampling, filters were unloaded
in a clean environment and stored in sealed petri-dishes
at -20°C and then shipped overnight to JHSPH at 4°C
and then stored at 4°C until analysis. Airborne TD sam-
ples were collected in order to collect a wide particle
size range since the particle size associated with bio-
genic materials (e.g., cow allergen) is not known. Air-
borne TD mass concentration was determined by
gravimetric analysis at JHSPH. Filters were pre- and
post-weighed in a temperature and humidity controlled
weighing room using a Mettler-Toledo MT5 microba-
lance (Mettler-Toledo, Inc., Columbus, OH) following
EPA standard protocol, 40CFR50 Appendix L [32].

Airborne Bos d 2 concentrations were determined
from the TD samples and analyzed by Indoor Bio-
technologies, Inc. Charlottesville, VA. An ELISA assay,
which had been moditied based on previous immunoas-
say protocols to test for Bos d 2, was used for this ana-
lysis [33].

To confirm the nonsmoking status of the house, air-
borne nicotine concentrations were assessed using SHS
monitors constructed at JHSPH. After sampling, moni-
tors were stored at -20°C, shipped overnight to JHSPH
at 4°C and then stored at 4°C until analyzed. Analysis
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for nicotine was conducted by gas chromatography with
nitrogen-phosphorus detection as previously reported
[34].

NH; concentrations were measured using the Gradko
passive NH; sampler (Gradko International LTD, UK).
The Gradko sampler has been validated tor measure-
ments of NH; concentrations ranging from > 2.5 to
1000 pg/m* (3.6 to 1436 ppb) [35,36]. After sampling,
samplers were stored in a -20°C, shipped overnight to
JHSPH at 4°C, then stored at -20°C until analyzed.
Ammonia analysis was conducted by ion chromatogra-
phy (Model 600 x IC, Dionex Corp. Sunnyvale CA) fol-
lowing the protocol described by Dionex [37].

All samples were submitted for laboratory analysis with
proximity identifiers removed. Sample concentrations
were blank corrected and duplicate samples were aver-
aged and reported as one value. Values that were below
the LOD were reported as 1/2 the LOD value [38].

Home Characteristics

Housing characteristics including house age, number of
people living in the home, dog and/or cat living in the
house, presence of livestock, and presence of air condi-
tioning were collected for cach home by survey.

Statistical Analysis

Exploratory data analysis was conducted using Microsoft
Excel (Redmond, WA) and Stata SE11.0 (College Sta-
tion, TX). Data were examined and descriptive statistics
were generated to determine measures of central ten-
dency and data distributions. Since environmental data
are typically log-normally distributed, the Shapiro-Wilk
test was used to determine normality to assess the
appropriateness of the Student's t-test as a statistical
method. The data were compared by group using the
non-parametric Kruskal-Wallis test with a p-value
threshold value of 0.05.

Results

Study Homes and Housing Characteristics

A convenience sample of 40 homes was recruited.
Informed consent was obtained from the adult resident
of the home who was to be the primary study contact.
Of the 40 homes, 20 were designated proximal and 20
were designated distal. After the field study was con-
cluded, additional ground truthing was conducted to
reconfirm categorical assignment using satellite images.
Distances were measured from dairy operations and
adjacent sprayfields to study homes using the Google
Earth “distance” tool. Seven of the homes originally
categorized as “distal” homes were found to be within
three miles (4.8 km) from dairy facility adjacent spray-
fields. These homes were re-categorized as "intermedi-
ate” homes since they fell between the !4 and three mile
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(0.4 km and 4.8 km) distance criteria. The reassignment
of the intermediate homes created a total of 20 proxi-
mal, seven intermediate, and 13 distal homes (Figure 1).
Analysis was conducted on these three groups.

Housing characteristics are summarized in Table 1.
Overall, homes contained between three and four resi-
dents and had a mean housing age of 57 years. Distal
and intermediate homes tended to be older than proxi-
mal homes with mean ages of 64, 79 and 45 years,
respectively; only the difference between intermediate
and proximal homes was statistically significant. Home
characteristics based on number of people living in the
home, the presence of air conditioning and pet owner-
ship did not differ significantly by proximity.

Airborne Sample Results and Comparison of Study
Homes

A summary of sampling results is presented in Table 2.
TD concentrations ranged trom two to 385 pg/m’*
(median: 22 pg/m®). Approximately 16% of airborne Bos
d 2 samples were below detection with concentrations
ranging trom < 0.2 to 1.9 pg/m” (median: 0.4 pg/m?).
Only nine percent of ammonia samples were below the
limit of detection with results ranging from < 0.9 to 56
ppb (median: 6.0 ppb).

Outdoor Air

Outdoor sampling results by distance classitication are
presented in Table 3. Outdoor results for airborne Bos d
2 showed the highest concentrations outside of proximal
homes and lowest concentrations outside distal homes
suggesting a concentration gradient. Median outdoor
airborne cow allergen concentrations were 0.66 pg/m?,
0.17 ug/m®, and 0.01 pg/m’ for proximal, intermediate
and distal homes, respectively, Box plots showing log
concentrations of outdoor Bos d 2 by distance group are
presented in Figure 2. Ammonia concentrations (Figure
3) demonstrated a similar gradient (median 8.7 ppb
proximal, 1.3 ppb intermediate, 1.1 ppb distal), with
concentrations outside proximal homes significantly
greater than concentrations outside homes classified as
intermediate and distal. Following the same pattern, TD
concentrations, presented in Figure 4, are significantly
greater in outdoor environments of proximal (median:
29 pg/m”) compared to distal homes (median: 15 pg/
m?), but not significantly greater than intermediate
homes (median: 18 pg/m®). Median outdoor Bos d 2,
ammonia, and TD were 60, eight and two times higher
respectively, in the proximal as compared to the distal.

Indoor Air

Indoor air results classified by distance are summarized
in Table 4. Median indoor Bos d 2 concentrations were
significantly greater in proximal, (0.12 pg/m?), compared
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Table 1 Housing Characteristics of Study Homes
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Characteristics Total (N = 40)
mean + SD (range)

Proximal (N = 20)
mean + SD (range)

Distal (N = 13)
mean + SD (range)

Intermediate (N = 7)
mean + SD (range)

Distance to facility {miles)” 342 4399 (04 119}

017 £ 061 004 - 03) Bos x 21 (5 -

12 301 + Q2B (245 - 34)

# of people living m house 188118 33+ 16{(1 - Q) 4-22(1-8 42

Age ot house (years) w31 R 45

A8 (5 - 107 G4 (3 9 72 22(57 109)

[hstal (N = 13; Intermediate (N = 7}

[N N {95

Dac “owside housay

Do (nside house) 15045

Cal {outside housn)

Cat (inside house)y 3 1200

Other {chicken, horse, goal) AR

liva adjacent to spravlield

15 (/3) 0w AR

Any ar conditioning R (70}

1) (55) 10 (77) 7 {100

‘measured using Google Earth

to intermediate, (0.01 pg/m’), and distal (0.01 pg/m®)
homes (Figure 2). Ammonia concentrations inside proxi-
mal homes (12 ppb) were greater than intermediate (4.9
ppb) and distal homes (5.7 ppb) (Figure 3). Differences
between proximal and distal, and proximal and inter-
mediate were statistically significant, while difterences
between intermediate and distal were not. Median
indoor airborne Bos d 2 and ammonia concentrations
were approximately 10 and two times higher respec-
tively, in proximal as compared to distal homes. Indoor
TD concentrations were similar for all three home clas-
sifications (Figure 4). No significant ditference was seen
between indoor concentrations for intermediate and dis-
tal homes for any airborne contaminant.

Indoor and Outdoor Concentrations

Indoor and outdoor concentrations of airborne contami-
nants were also compared within home type. Median
outdoor aitborne concentrations of Bos d 2 were signifi-
cantly higher at proximal and intermediate homes (0.66
vs. 0.17 pg/m’) compared to indoor concentrations
(0.12 vs. 0.01 pg/m?). This ditference was not noted in
distal homes, since concentrations were much lower and
often below the limit of detection. Indoor concentra-
tions of aimmonia were higher than outdoor concentra-
tions in all three groups; however, no significant
difference was observed between indoor and outdoor
ammonia concentrations in proximal homes (12 vs. 9
ppb). For intermediate and distal homes, a significant

Table 2 In Home Airborne Sample Concentrations

difference was found between indoor and outdoor
ammonia concentrations with indoor levels being
greater, 5 vs. 1 ppb and 6 vs. 1 ppb respectively. TD was
significantly higher indoors compared to outdoors in
distal homes, 23 vs. 15 pg/m?, while there were no sig-
nificant differences in proximal or intermediate homes,
29 vs. 29 pg/m* and 22 vs. 18 pg/m* respectively.

As non-smoking participants were selected for this
study, nicotine sampling was used to determine compli-
ance with this criterion and to evaluate potential discre-
pancies in observed PM levels. Only one proximal home
had measurable airborne nicotine. As a result indoor
measurements of TD for this home were not included
in any of the analyses presented above.

Discussion

In this study we showed that outdoor PM, ammonia and
cow allergen concentrations displayed a gradient with
the highest concentrations inside and outside of homes
closest to dairies (within a i mile, 0.4 km) and the low-
est concentrations outside of homes farthest from dai-
ries (greater than three miles, 4.8 km). While many
pollutants associated with dairy facilities can have multi-
ple sources, complicating source attribution, cow aller-
gen was selected because it is uniquely associated with
the presence of cows. Homes with resident cows or
homes where there was an individual that worked with
cows were excluded to minimize the influence of occu-
pational exposures on indoor environments. As a result,

Sample Type samples (n) % < LOD LOD mean SD min median max
Bos d 2 pug/m’ 0 4 002 0 4 )
NH; ppb 79 09 16 .
D pg/m’ ( 11 Q0 54.7 72
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Table 3 Outdoor Air Samples - Proximal, Intermediate and Distal Homes
Analyte Home Type n(< LOD) mean sd median IQR max p value*
Bos d 2 pg/m’ Praximal 12 (0) 0.77 056 0ed 079 Pvs D < 001
Intermediate 6 (0 ) 044 017 01 2 Povs < 001
Dista 12.(5) 0026 ot 003 00 Dows | < N0l
NH: Lo Proximal 19 (0) 94 S8 &7 63 80 Pvs D < 00
intermediate 7 10 20 i3 il Puwvs! < 0m
Dista 13 (&) 1.0 06 il 08 2¢ Dvs 022
D pa/m Proximal 10.{0) 33 ) 104 | 00
Intermediate & (0 18 00
Dista 13 (0) 37 ! ] ( | 03
*Kruskal-Wallis

P = proximal, D = distal and | = intermediate home types.

the presence of cow allergens inside and outside of
homes is most likely attributed to emissions from dairy
facilities. Similarly the ammonia concentration gradient
implicates dairy operations as they are the only known
major ambient source of ammonia in the study area.
While PM can have multiple sources, our data also
implicate dairies as a source of elevated PM concentra-
tions outside households within a % mile (0.4 kin) of
the facilities as compared to homes farther away.

Another key finding is that indoor pollutant concen-
trations also exhibit a concentration gradient with dis-
tance from dairy operations. In addition, indoor and
outdoor concentrations of ammonia at homes within a
% mile (0.4 km) are indistinguishable, while the differ-
ence in indoor and outdoor ammonia concentrations in
intermediate and distal homes is significantly different,
with indoor being higher. These results indicate that
being inside homes close to dairy operations provides
little or no protection.

While the public health relevance of chronic exposure
to cow allergen has yet to be established, occupational
studies of health effects related to Bos d 2 allergen and

sensitization in exposed dairy workers suggests that con-
centrations do not need to be extremely high for sensiti-
zation to occur [33,39-41]. For residents adjacent to
dairy operations, exposure to cow allergen may have
important health implications because sensitized indivi-
duals can experience allergic symptoms. Allergen expo-
sure among sensitized individuals with asthma may
serve as a trigger of respiratory symptoms and have
been linked to the increased need for medication use
and health care services [42,43]. To the extent that cow
allergen can serve as a marker for biological compo-
nents of dairy-related PM it is reasonable to conclude
that other components not measured in this study, such
as chemical agents, endotoxin, antibiotics, and/or micro-
organisms, are likely also to be elevated in the air out-
side and inside homes closest to dairy facilities.

In the case of ammonia, our results are consistent
with Atkins who found that people and pets can be
important contributors to indoor concentrations of
ammonia [44]. In distal and intermediate homes, indoor
ammonia concentrations were signiticantly greater than
those measured outdoors. However, for proximal
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Figure 4 Comparison of outdoor and indoor airborne
concentrations of total dust between proximal, intermediate
and distal home environments

homes, indoor ammonia concentrations were only
slightly and non-significantly higher than outdoors.
These results suggest that ammonia penetration from
outdoors is a significant contributor to indoor ammonia
concentrations for homes close to dairy operations, The
five-day average proximal outdoor concentrations mea-
sured in our study are similar to other studies that have
measured ammonia using comparable methods around
swine facilities [15,36,45]. While we did not measure
health outcomes or quality of life indicators, other stu-
dies of communities located within two to three miles
(3.2 to 4.8 km) of an [FAP facility [12,15,16], found that
odors and ammonia can contribute to poor quality of
life even at ammonia concentrations currently consid-
ered not to be a risk to health. Our findings demon-
strate that exposure to ammonia increases as distance Lo
the facility decreases. This suggests that quality of life
may be even further diminished as the indoor environ-
ment in proximate homes provides no refuge from this
gas.

Agricultural dusts, which are primarily composed of
particles in the larger size fractions, can have profound
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effects on local populations that are chronically exposed
[46,47]. It has been shown that larger particles can be
carriers of important biological agents [23,48,49]. In
addition, inhalable particles have been associated with
increased asthma, sinusitis, rhinitis and upper airway
diseases in agricultural workers [11,50-55). Several stu-
dies have found evidence that indoor coarse particles
may be associated with increased incidence of asthma
symptoms in urban populations [56-59]. Population
based studies, which have evaluated PM concentrations
in ambient environments, also support the importance
of the size and composition of ambient PM to morbidity
and mortality [60-62]. These studies have been con-
ducted primarily in urban environments and currently
there is limited data about the intluence of PM on mor-
bidity and mortality in rural and agricultural
environments.

There are a number of limitations to this study. Since
the data collection was cross-sectional, trends over time
or across seasons cannot be evaluated. The sample size,
while sufficiently large to address the issue associated
with proximity, is too small to provide a comprehensive
assessment of the ranges of exposures associated with
living close to industrial dairy operations. In addition,
integrated sampling methods cannot evaluate important
short-term within week and within day variability, which
may be subject to exceptionally high concentrations.
This is particularly important for ammonia where ele-
vated short-term exposures can result in significant irri-
tation and health effects.

Airborne PM samples collected in this study utilized a
37-mm close-faced sampling cassette. This sampler was
used to estimate airborne PM concentrations and to
assess airborne cow allergen concentrations. This sam-
pler has been shown to underestimate the inhalable
fraction of airborne PM in general and in swine barns
in particular it has a > 80% collection efficiency for par-
ticles up to approximately 10 pm in diameter [63,64].
The degree to which the TD sampler underestimates
inhalable dust exposure will depend on the particle size
distribution, face-velocity, and wind speed [64]. In swine

Table 4 Indoor Air Samples - Proximal, Intermediate and Distal Homes

Analyte Home Type n(< LOD) mean sd median IQR max p value*
Jos d 2 yulr i al 1 Y [ 024 o vs [ 0o
Imerr i ) 029 [ s 0.08
Dista JO11 0,001 ( bR 015
NH: .. Proximai 20 (Q 157 5 1 3
ternediate 7 100 oo 49 15 )3
Distal 12 (0 ] 5 v
1D pain® 3 { ) =

*Kruskal-Wallis
P = proximal, D = distal and | = intermediate home type
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barns the TD sampler underestimated inhalable fraction
by about 14% [63]. It a significant fraction of allergen-
containing particles are greater than 10 pm in aerody-
namic diameter, TD sampling will underestimate cow
allergen concentrations

Information on home cleanliness, use of cow manure
in home gardens, wind direction, orientation to facility,
specific farming processes used, number of facilities,
facility size, and actual number of animals should be
collected in future studies to allow for a better assess-
ment of concentration distributions and source
attribution.

Conclusions

This is one of the first studies to provide evidence of a gra-
dient of pollutant concentrations by distance of homes to
industrial scale dairy operations. Concentrations of Bos d
2, ammonia, and PM were significantly higher for homes
within a 4 mile (0.4 kim) of a facility or associated spray-
field compared with homes more than three miles (4.8
km) away. These findings reinforce community concerns
of exposure and substantiate the need for larger, well-
designed environmental exposure and health effects stu-
dies to determine the influence of these facilities and their
contaminants on health in adjacent communities. In addi-
tion these results have important implications for dairy
facility siting policy decisions, nutrient management plans,
and zoning of IFAP when located close to communities.
Furthermore, these results highlight the need to consider
developing IFAP emissions standards and air pollution
regulations in order to protect public health.
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