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Cow allergen (Bos d2) and endotoxin concentrations are higher
in the settled dust of homes proximate to industrial-scale dairy
operations
D’ Ann L. Williams1, Meredith C. McCormack2, Elizabeth C. Matsui2, Gregory B. Diette1,2, Shawn E. McKenzie1, Alison S. Geyh1 and
Patrick N. Breysse1

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.
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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.1,2 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.3–8

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.9 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.9 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,6,10 can serve as important indicators for evaluating
integrated exposure over time to contaminants that may be
associated with home, local, or regional health hazards.11

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.
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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.9 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 μm 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.12 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.

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.13

Sample Analysis
Bos d2 concentrations were determined from the sieved settled dust
samples by Indoor Biotechnologies Charlottesville, VA, USA using an
enzyme-linked immunosorbent assay.14 Sieved settled dust was analyzed
for Mus m1 and Der f1, Der p1 in the Matsui Laboratory, Johns Hopkins
School of Medicine. Mus m1, Der p1, and Der f1 were analyzed by enzyme-
linked immunosorbent assay.15,16 The analytical detection limits for the
analysis of the allergens Bos d2, Mus m1, Der p1, and Der f1 were 0.03 μg/g,
3.9 ng/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 Iowa. The detection limit of
airborne endotoxin concentrations was 0.024 EU/ml.17

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.18

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 2.5–3miles, 4–4.8 km) from and ISD and 13
distal homes (greater than 3miles, 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.9 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 overall 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

Table 1. Summary statistics of settled dust samples.

Sample n % LOD LOD Mean SD Minimum Median Maximum

Bos d2 (µg/g) 104 47 0.06 1.29 3.7 0.03 0.07 28.6
Endotoxin (EU/mg) 98 0 NA 135 240 5.4 77 1960
Mus m1 (ng/g) 99 23 2.2 472.3 1213.1 1.1 42 8960
Der p1 (ng/g) 99 84 61 305.1 1337.8 31 31 9145
Der f1 (ng/g) 99 96 35.8 32.3 83.8 18 18 781

Abbreviations: LOD, line of detection; NA, not applicable.
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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 (Po0.01) 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 (Po0.01)
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.

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 (1105 ng/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= 0.02), as shown in Table 3. For all
homes, over 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.

Table 2. Summary of outdoor-settled dust samples—proximal (P), intermediate (I) and distal (D)homes.

Analyte Home type n (n oLOD) Mean SD Median IQR Max P-valuea

Bos d2 (µg/g) Proximal 19 (4) 3.9 7.1 0.52 4.6 28.6 P vs D o0.01
Intermediate 7 (3) 0.18 0.22 0.08 0.27 0.62 P vs I 0.07
Distal 13 (10) 0.99 3.4 0.03 0 12.4 D vs I 0.15

Mus m1 (ng/g) Proximal 20 (0) 160 596 11 29 2683 P vs D 0.68
Intermediate 5 (3) 77 169 1 4 379 P vs I 0.46
Distal 12 (0) 34 63 3 40 211 D vs I 0.77

Endotoxin (EU/mg) Proximal 20 (0) 194 181 132 138 712 P vs D o0.001
Intermediate 5 (0) 120 135 63 70 356 P vs I 0.15
Distal 12 (0) 42 45 28 18 170 D vs I 0.05

Abbreviations: IQR, interquartile range; LOD, limit of detection. aKruskall–Wallis—P for trend values are the same.

Figure 1. Box plot comparing outdoor and indoor log concentra-
tions of Bos d2 in settled dust between proximal, intermediate, and
distal homes.

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.
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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, 0.4 km) compared with distal homes (greater than
3miles, 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.4,19–21 In our
study, cow allergen was detected in 31% of the distal homes that
were more than 3miles 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.22–25 Occupational studies which investigated
Bos d2 found exposures can induce respiratory inflammation,
rhinitis, and dermatitis among sensitized dairy workers.20,26,27

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.19,28

In our study, six indoor dust samples had concentrations of Bos
d2 in settled dust above 1 μg/g. Three of the 20 proximal homes
in this study had Bos d2 concentrations above 10 μg/g, with one
sample found to contain 28 μg/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.29 Hinze et al.19

measured settled dust concentrations of Bos d2 in the homes of

German dairy workers which were not attached to barns, ranging
from 40 to 82 μg/g. Living quarters that were located in the same
building as the cows had settled dust Bos d2 concentrations
ranging from 103 to 150 μg/g. For workers who were sensitized to
cow allergen, IgE responses occurred at Bos d2 concentrations
ranging from 1 to 20 μg/g in dust collected from floors in their
homes which were part of a dairy farm.30 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 exposures.
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 3miles (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.31 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 depending on the environment and agricultural processes
used.17,32–36 Mueller-Anneling et al.37 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 PM10. In Iowa, the same group measured
airborne endotoxin at sites in close proximity to a swine facility
and also found elevated concentrations close to facilities.37,38

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

Table 3. Summary of indoor-settled dust samples—proximal (P), intermediate (I) and distal (D) homes.

Analyte Home type n (n oLOD) Mean SD Median IQR Max P-valuea

Bos d2 (µg/g) Proximal 20 (4) 0.87 2.28 0.22 0.35 10.2 P vs D 0.04
Intermediate 7 (1) 1.25 2.16 0.24 1.52 6.0 P vs I 0.56
Distal 13 (7) 0.23 0.44 0.03 0.03 1.4 D vs I 0.04

Mus m1 (ng/g) Proximal 20 (0) 1122 1536 450 1567 5529 P vs D 0.22
Intermediate 7 (0) 233 454 46 93 1266 P vs I 0.02
Distal 13 (0) 1302 3226 252 650 11 908 D vs I 0.19

Endotoxin (EU/mg) Proximal 20 (0) 178 266 117 65 1237 P vs D 0.02
Intermediate 7 (0) 69 35 78 62 115 P vs I 0.03
Distal 13 (0) 133 264 54 67 998 D vs I 0.60

Abbreviations: IQR, interquartile range; LOD, limit of detection. aKruskall–Wallis–P for trend values are the same.

Cow allergen and endotoxin concentrations
Williams et al

45

© 2016 Nature America, Inc. Journal of Exposure Science and Environmental Epidemiology (2016), 42 – 47



consistent with the above-mentioned studies that found higher
airborne endotoxin close to swine and dairy facilities.
Waser et al.39 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.39 Schram et al.40 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.21 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 50 μg/m3. 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
3miles (4.8 km) or 15 840 ft.
Thorne et al.41 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 infant wheeze during the first
year of life.42 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 greater than just those immediately adjacent to
dairy facilities.41,42

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.43–45

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

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
3 iles (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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