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Odor, noise, heat, and crowding are environ-
mental stressors1 that may affect physical and
mental health. Malodor is reported in neighbor-
hoods near hazardous waste facilities, petroleum
refineries, certain industrial facilities, and con-
fined animal feeding operations; people in these
areas may report sensations of irritation, respi-
ratory problems and other physical health
symptoms, interference with activities of daily
living, and concerns about chronic diseases and
property values.1–37 Because polluting facilities
are disproportionately located in low-income
communities and communities of color,38,39

malodor is an important aspect of environmental
injustice that threatens physical, mental, and
social well-being.40

Several studies have evaluated relationships
among malodor, negative mood, and reduced
quality of life in neighbors of industrial hog
operations. Schiffman et al.26 found that a small
sample of neighbors of industrial hog opera-
tions reported more tension, depression, anger,
fatigue, and confusion, and less vigor, compared
with an unexposed rural sample. Bullers4 found
higher mean scores on a short form of the
Center for Epidemiologic Studies Depression
Scale (CES-D) in neighbors of industrial hog
operations than in control participants (2.24 vs
1.84). Wing and Wolf36 assessed effects on
quality of life, determined by asking how often
neighbors of hog operations could open windows
or go outside during nice weather. By that metric,
neighbors reported greatly reduced quality of
life relative to other demographically comparable
rural residents.

The Community Health Effects of Industrial
Hog Operations (CHEIHO) study was a collab-
orative community-based participatory re-
search project conducted in the predominantly
low-income African American communities of
rural eastern North Carolina where industrial
hog operations are disproportionately lo-
cated.35 The purpose of this study was to
evaluate longitudinal relationships among mal-
odor, airborne emissions, stress, and negative

mood. We hypothesized that malodor from
industrial hog operations is an environmental
stressor that may also negatively affect mood.

METHODS

We have previously described the CHEIHO
study, including details of its community-
based design and its links to education and
organizing for environmental justice.41 Re-
search on health effects in neighbors of industrial
hog operations is community-based at its origin.
Community-based organizations brought the is-
sue to the attention of researchers at the School
of Public Health at the University of North
Carolina and have continued as partners in all
research that has been conducted. In the
CHEIHO study, members of community-based
organizations participated as advisors in the
study design and design of study instruments.
They were integrally involved in the recruitment
and training of study participants. Indeed, com-
munity organizers were essential to the recruit-
ment and retention of study participants in pre-
dominantly African American communities with

historic distrust of researchers and research
institutions.42

Study Participants

Eligible participants in the CHEIHO study
were nonsmoking adults who lived within 1.5
miles of at least 1 industrial hog operation and
were willing to collect data twice daily for
approximately 2 weeks. Between September
2003 and September 2005, participants col-
lected data on odor, stress, mood, physical
health symptoms, blood pressure, immune
function, and lung function; outcomes analyzed
in this study are described in more detail in the
paragraphs that follow.

At a central location in each neighborhood,
research staff set up a monitoring trailer to
collect data on hydrogen sulfide (H2S; MDA
Scientific Single Point Monitor, Honeywell An-
alytics Inc North America, Lincolnshire, IL),
particulate matter less than 10 lm in aerody-
namic diameter (PM10) and semivolatile PM10

(Tapered Element Oscillating Microbalance
Series1400a Ambient Particulate Monitor with
a Series 8500 Filter Dynamics Measurement

Objectives. We evaluated malodor and air pollutants near industrial hog

operations as environmental stressors and negative mood triggers.

Methods. We collected data from 101 nonsmoking adults in 16 neighborhoods

within 1.5 miles of at least 1 industrial hog operation in eastern North Carolina.

Participants rated malodor intensity, stress, and mood for 2 weeks while air

pollutants were monitored.

Results. Reported malodor was associated with stress and 4 mood states;

odds ratios (ORs) for a 1-unit change on the 0-to-8 odor scale ranged from 1.31

(95% confidence interval [CI]=1.16, 1.50) to 1.81 (95% CI=1.63, 2.00). ORs for

stress and feeling nervous or anxious were 1.18 (95% CI=1.08, 1.30) and 1.12

(95% CI=1.03, 1.22), respectively, for a 1 ppb change in hydrogen sulfide and 1.06

(95% CI=1.00, 1.11) and 1.10 (95% CI=1.03, 1.17), respectively, for a 1 lg/m3

change in semivolatile particulate matter less than 10 lm in aerodynamic

diameter (PM10).

Conclusions. Hog odor, hydrogen sulfide, and semivolatile PM10 are related to

stress and negative mood in disproportionately low-income communities near

industrial hog operations in eastern North Carolina. Malodor should be consid-

ered in studies of health impacts of environmental injustice. (Am J Public Health.

2009;99:S610–S615. doi:10.2105/AJPH.2008.148924)

RESEARCH AND PRACTICE

S610 | Research and Practice | Peer Reviewed | Horton et al. American Journal of Public Health | Supplement 3, 2009, Vol 99, No. S3



System, Thermo Fisher Scientific, Waltham,
MA), and weather (Vantage Pro Weather Sta-
tion, Davis Instruments, Hayward, CA, and
Young Model 05103VM-42 Wind Monitor,
R.M. Young Company, Traverse City, MI).

Selection of the particular pollutants to be
monitored was based on previous work that has
documented emissions of both H2S (a product of
the anaerobic decomposition of hog waste)
and particulate matter from feed, dried feces,
skin cells, hair, and bioaerosols, at confinement
buildings and waste lagoons.6,43 Furthermore,
we found that H2S and PM10 were related to
reported malodor in the CHEIHO study; H2S
was associated with reported malodor in models
that adjusted for the study’s longitudinal design,
as was PM10 during times when wind speed was
greater than 6.75 miles per hour.44

The average distance from the monitoring
platform to the nearest industrial hog operation
in each neighborhood was 0.51 miles; the min-
imum distance to the nearest industrial hog
operation was 0.20 miles and the maximum
distance to the nearest industrial hog operation
was1.42 miles. In 2 of the16 neighborhoods, the
platform was located within 2 miles of 1 in-
dustrial hog operation; in the other 14 neigh-
borhoods, however, the platform was located
within 2 miles of at least 3 industrial hog
operations (maximum of 16 industrial hog oper-
ations). We therefore calculated, for each neigh-
borhood, the average distance between the
platform and the industrial hog operations within
2 miles of the monitoring platform. The average
distance across all neighborhoods was1.10 miles,
with a range by neighborhood from 0.56 miles
to 1.50 miles. In contrast, the average distance
between participant households and the moni-
toring platform across 15 of the 16 neighbor-
hoods was 0.20 miles, with a range by
neighborhood from 0.03 miles to 0.36 miles.

In 1 neighborhood, the average distance
between participant households and the plat-
form was 0.95 miles. In this and 3 other
neighborhoods where participant homes were
more geographically dispersed, we deployed
additional H2S monitors at homes farthest from
the platform. All of the data on particulate
matter, however, were collected at the platform
and assigned to all participants in the neigh-
borhood.

Participants attended a 3-hour training ses-
sion during which they learned to complete the

required data collection activities. They se-
lected a morning time and an evening time at
which they would collect data (for example,
6:00 AM and 6:00 PM). In addition, partici-
pants completed an assessment of coping style
using the John Henryism Active Coping
scale45,46 and an assessment of threshold odor
sensitivity using butanol standards.47

At the preselected, twice-daily times, partici-
pants spent 10 minutes outdoors at home and
then returned indoors to rate any odor pres-
ent during that 10-minute period on a 9-point
scale ranging from 0 (no odor) to 8 (very strong
odor). Hourly average H2S, PM10, and semi-
volatile PM10 values were calculated for the hour
immediately preceding the odor rating. Follow-
ing the odor rating, they responded to 5 mood
state questions: ‘‘How do you feel now: (a)
stressed or annoyed?, (b) nervous or anxious?, (c)
gloomy, blue, or unhappy?, (d) angry, grouchy, or
bad-tempered?, (e) confused or unable to con-
centrate?’’ They rated these mood questions on
a 9-point scale ranging from 0 (not at all) to 8
(extremely). The ‘‘stressed or annoyed?’’ question
was an ad-hoc single-item measure,48,49 and the
remaining 4 questions came from the Profile
of Mood States instrument,26,50 specifically, from
the Tension–Anxiety, Depression–Dejection,
Anger–Hostility, and Confusion–Bewilderment
subscales. (The Fatigue–Inertia and Vigor–
Activity subscales were not used.)

Statistical Analyses

We used logistic mixed models to evaluate
malodor, H2S, PM10, and semivolatile PM10 as
predictors of reported stress and negative
mood (NLMIXED procedure in SAS version
9.1.3, Cary, NC). We used 2-level (within
person and between person) mixed models to
take into account the correlated structure of
longitudinal data for individuals. The stress and
mood variables were recoded as binary; for
stressed or annoyed and nervous or anxious,
0 and 1 on the original scale were coded as
0 and 2 to 8 on the original scale were coded as
1. For the remaining 3 mood variables, 0 on
the original scale was also coded as 0 and1 to 8
on the original scale were coded as 1. These
coding decisions were based on the distribution
of the data such that approximately 90% of
the records for each outcome variable were
coded as 0 and approximately10% were coded
as 1. We included all predictor variables as

linear terms. We conducted all analyses with
records for which the ratings of malodor, stress,
and mood, and the airborne emissions data,
were not missing.

Random intercepts were included in the
mixed logistic models to capture the variation
between participants in baseline (average)
levels of stress and negative mood. Models
included the following time-dependent cova-
riates: time of day (morning vs evening), study
day (1 to ‡14), and study week (first vs
second). For analyses of odor as a predictor of
stress and mood, the models also included
whether participants reported a cold, flu, or
stomach virus at any time during data collec-
tion (yes or no). We hypothesized that illness
could affect a participant’s ability to smell or
perception of odor and negative mood. We
did not consider time-independent con-
founders, such as age or gender, because their
relationship with exposure and outcome did
not vary over time. A sample logistic mixed
model follows.

Level 1 (time, within person):

ð1Þ Logit ðPr½Stressij ¼ 1�Þ¼ b0j þ b1jðodorÞ
þ b2jðtime of dayÞ;

where Pr[Stressij=1] is the probability that
stress reported by person j at timepoint i
equaled 1, b0j is the person-specific intercept,
b1j is the effect of the time-dependent odor
rating, and b2j is the effect of time of day
(morning vs evening).

Level 2 (between person):

ð2Þ b0j¼g00þ g01ðpersonjÞ
þ l0j ; l0j ;Nð0; s00Þ;

where b0j is the person-specific intercept, g00

is the mean of the person-specific intercepts
(i.e., fixed intercept), g01(personj) is the contri-
bution to the overall mean from person j, and
l0j is the residual between-person variation in
the intercept.

We also evaluated several potential modi-
fiers. For analyses of H2S as a predictor of
stress and negative mood, we considered
modification by wind speed (low [£0.57 mph],
medium [0.58 mph–6.75 mph], and high
[>6.75 mph]) because of previous work that
suggested modification of the relationship be-
tween H2S and reported malodor by wind
speed.44 Based on previous research,3,29,30,37
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we considered age, dichotomized at the median
(£53.7 years vs >53.7 years), and coping style,
dichotomized at the median, (John Henryism
Active Coping scale score <52 vs ‡52)46,47 as
potential modifiers of any association between
reported odor and stress. We also considered
threshold odor sensitivity (low or moderate
[<320 ppm] vs high [‡320 ppm]) as a potential
modifier of the relationships between odor,
stress, and mood to evaluate whether more-
sensitive individuals responded differently than
less-sensitive ones.

RESULTS

There were 2895 records from 101 indi-
viduals in 16 neighborhoods. Complete data on
reported odor, stress, and mood were available
for 2666 records. Of the 2666 records with
complete odor, stress, and mood data from
study participants, 78 records were missing
data on H2S and 741records were missing data
on PM10 because of monitoring equipment
malfunction.

Demographics

Table 1 presents demographic information
about study participants. The median age was

53.7 years; age ranged from19.2 years to 89.5
years. Approximately two thirds of the partic-
ipants were female, and approximately 85%
were African American. Seventy-five percent of
participants reported that they grew up around
livestock. Six neighborhoods were within 2
miles of1 to 4 industrial hog operations, 4 were
within 2 miles of 5 to 9 industrial hog opera-
tions, and 6 were within 2 miles of 10 or more
industrial hog operations. Average H2S values
in the 16 neighborhoods ranged from less
than 0.01 ppb to 1.5 ppb, and the highest
measured H2S values ranged from 2 ppb to 90
ppb. Average PM10 values ranged from 10.8 lg
per cubic meter (lg/m3) to 28.7 lg/m3, and
average semivolatile PM10 values ranged from
–3.2 lg/m3 (negative values occurred because
of measurement imprecision at very low con-
centrations) to 9.2 lg/m3.44

The distribution of twice-daily odor ratings
during the preselected10-minute exposure times
is presented in Table 2. Of the 2666 odor ratings
recorded after participants spent 10 minutes
outdoors, approximately 50% equaled zero. An
additional 30% were low (a rating of 1 or 2)
on the 9-point scale. Approximately 20% were
3 or higher, and 1% of the data were in each of
the 2 highest categories. Most of the ratings of
stress and mood state also equaled zero. For
‘‘stressed or annoyed,’’ 81% of reports were zero;
87% were zero for ‘‘nervous or anxious,’’ 88%
for ‘‘gloomy, blue, or unhappy,’’ 93% for ‘‘angry,
grouchy, or bad-tempered,’’ and 95% for
‘‘confused or unable to concentrate’’ (Table 2).

Mixed Models

Table 3 presents parameter estimates, stan-
dard errors, t values, odds ratios (ORs), and
95% confidence intervals (CIs) for H2S, PM10,
semivolatile PM10, and reported malodor as
predictors of binary stress and negative mood.
Variables considered as time-dependent con-
founders produced little change in the magni-
tude of the parameter estimates for the in-
dependent variables. However, we adjusted all
models for time of day (morning vs evening)
because time is an important predictor of odor.
Reporting stress or annoyance was strongly
associated with increasing levels of H2S; the
OR for a 1 ppb change in H2S was 1.18
(95%CI=1.08, 1.30). Hydrogen sulfide was
also strongly associated with feeling nervous or
anxious (OR=1.12; 95% CI=1.03, 1.22).

Hydrogen sulfide did not appear to be associ-
ated with the other 3 mood state variables, and
wind speed did not modify any of the re-
lationships between H2S and stress or mood.

We found that PM10 did not appear to be
associated with stress or negative mood, with
the exception of a marginal association with
feeling confused or unable to concentrate
(Table 3). Semivolatile PM10 was most strongly
associated with feeling stressed or annoyed
and nervous or anxious. Associated ORs for
a 1 lg/m3 increase in semivolatile PM10 were
small (1.06 and 1.10, respectively), though ORs
associated with a 10 lg/m3 increase, for ex-
ample, were 1.73 and 2.59, respectively.
Semivolatile PM10 appeared to be only mar-
ginally associated with feeling gloomy, angry,
or confused or unable to concentrate.

Table 3 also presents parameter estimates,
standard errors, t values, ORs, and 95% CIs for
reported malodor as a predictor of binary stress
and negative mood. All parameter estimates
were large relative to their standard errors. The
ratio of the odds of reporting stress for a 1-unit
increase in reported odor on a 0-to-8 scale
was 1.81 (95% CI=1.63, 2.00). Consequently,
a 4-unit change on the odor scale (from
odor=0 to odor=4, for example) yielded an
OR of 10.6. Odds ratios for feeling nervous,
gloomy, angry, and unable to concentrate,
associated with a 1-unit change in odor, were
1.60 (95% CI=1.41,1.81);1.43 (95% CI=1.25,
1.63); 1.52 (95% CI=1.37, 1.70) and 1.31
(95% CI=1.16, 1.50), respectively.

Coping, but not age, appeared to modify the
relationship between reported odor and stress.
The parameter estimate for participants who
scored below the median on the John Henryism
Active Coping scale was 0.45 (standard error
[SE]=0.07), whereas the parameter estimate
for participants who scored above the median
was 0.73 (SE=0.08). Threshold odor sensi-
tivity did not appear to modify the associations
between reported malodor and stress or neg-
ative mood.

DISCUSSION

We used a longitudinal design to evaluate
relationships between malodor from industrial
hog operations, H2S, PM10, semivolatile PM10,
and the stress and negative mood reported by
neighboring residents. We found that ratings of

TABLE 1—Participant Characteristics:

Community Health Effects of Industrial

Hog Operations Study, Eastern North

Carolina, 2003–2005

No. of

Records

No. of

Participants

Age

> 53.7 y 1377 50

£ 53.7 y 1289 51

Gender

Female 1737 66

Male 929 35

Race

Black 2167 85

Non-Blacka 499 16

Grew up around livestock

Yes 1998 76

No 591 22

Missing 77 3

Total 2666 101

aFifteen White participants and 1 Latino participant.
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feeling stressed or annoyed, nervous or anx-
ious, gloomy or unhappy, angry or grouchy,
and confused or unable to concentrate in-
creased with ratings of malodor. Of the 5
outcome variables, odor was most strongly
related to feeling stressed or annoyed. Active
coping appeared to modify the relationship be-
tween odor and stress or annoyance, with those
with higher John Henryism scores more af-
fected by malodor. Hydrogen sulfide appeared
to be associated with feeling stressed or an-
noyed and nervous or anxious but not with the
other 3 mood variables. We found that PM10

was not associated with the outcome variables,
with the exception of a marginal association
with feeling confused or unable to concentrate.
Semivolatile PM10, however, appeared to be
associated with feeling stressed or annoyed and
nervous or anxious and only marginally asso-
ciated with the remaining 3 mood variables.

Though we are not aware of other work that
has sought to link airborne emissions to reported
stress and negative mood, there is a consistent
literature documenting the effect of malodor on
annoyance, both in laboratories1,37,51–53 and
other settings.3,29,30 Several authors have also
considered coping style as a potential effect
modifier.1,3,29,30,37 In field studies of annoyance
response to industrial odors, people with higher
scores for problem-oriented coping, or action-
oriented coping, tended to report more annoy-
ance following odor exposure than did people
with lower scores.3,29,30,37 In a laboratory study,

however, Asmus and Bell did not find coping
style to be an effect modifier.1

We found a stronger relationship between
odor and stress in participants with high scores
on the John Henryism Active Coping scale. Our
findings are consistent with odor studies by
Steinheider and Winneke,29 Winneke et al.,37

Sucker et al.,30 and Both et al.3 The John
Henryism Active Coping scale was developed by
Sherman James in studies conducted among
African Americans in eastern North Carolina46

and, therefore, may be especially appropriate in
the context of the present investigation. It
measured ‘‘the degree to which [Black Ameri-
cans] felt they could control their environment
through hard work and determination.’’46(p259)

James hypothesized a poorer health outcome
(higher blood pressure) in men who scored high
on the scale but lacked the resources to control
their environments.46 Consistent with our a pri-
ori hypothesis, it appears that study participants
who perceived that they had more control over
their environment found an unpredictable and
uncontrollable malodor more stressful than those
who perceived they had less control.

Strengths and Limitations

The longitudinal design was a particular
strength of this research. There were approxi-
mately 28 repeated measures for each partici-
pant. In the analyses, each participant served as
her or his own control. Perceptions of stress and
adverse mood vary between people, and we

were able to statistically model the between-
person variation in such perceptions. Physical
measures of pollution are an additional strength
of this research; previous studies have relied
entirely on self-reported measures of exposure
and outcome. We did, however, measure only
several constituents of a chemically complex
odor plume that includes, potentially, hundreds
of volatile organic compounds.23

A further design limitation was the contem-
poraneous assessment of both exposure and
outcome for the analyses of odor as a predictor
of stress and negative mood. Because both
exposure and outcome were assessed by self-
report, it is difficult to determine how the
assessment of one affected the assessment of the
other. Participants spent 10 minutes outdoors
before returning indoors to complete the re-
quired data collection activities; they rated the
intensity of any malodor present and then rated
stress and mood. Rating the odor while stressed
or annoyed for reasons unrelated to odor may
have induced a higher rating than the participant
would have rated in the absence of feeling
stressed or annoyed. Though the results of the
analyses of odor and stress or mood must be
interpreted in light of this design limitation, odor
as a marker of exposure is important because it
captures information on numerous other pol-
lutants with odorant properties that we were
unable to explicitly measure in this study. Fur-
thermore, it permits consideration of the mixture
of chemicals emitted from industrial hog

TABLE 2—Number and Percentage of Records and Number of Participants in Each Category of the Odor,

Stress, and Mood Variable Ratings: Community Health Effects of Industrial Hog Operations Study,

Eastern North Carolina, 2003–2005

Twice-Daily Odor

Rating Stressed or Annoyed Nervous or Anxious

Gloomy, Blue, or

Unhappy

Angry, Grouchy, or

Bad-Tempered Confused or Unable to Concentrate

Rating

No. of

Records (%)

No. of

Participants

No. of

Records (%)

No. of

Participants

No. of

Records (%)

No. of

Participants

No. of

Records (%)

No. of

Participants

No. of

Records (%)

No. of

Participants

No. of

Records (%)

No. of

Participants

0 1374 (51.5) 88 2162 (81.1) 98 2314 (86.8) 100 2337 (87.7) 98 2479 (93.0) 99 2529 (94.9) 100

1 472 (17.7) 82 290 (10.9) 60 217 (8.1) 40 198 (7.4) 44 109 (4.1) 40 96 (3.6) 24

2 273 (10.2) 72 95 (3.6) 39 80 (3.0) 24 42 (1.6) 20 22 (0.8) 11 20 (0.8) 9

3 196 (7.4) 68 50 (1.9) 20 34 (1.3) 12 45 (1.7) 13 10 (0.4) 7 10 (0.4) 4

4 123 (4.6) 47 14 (0.5) 10 10 (0.4) 3 12 (0.5) 6 6 (0.2) 5 7 (0.3) 2

5 73 (2.7) 39 22 (0.8) 13 8 (0.3) 6 13 (0.5) 6 17 (0.6) 9 3 (0.1) 3

6 108 (4.1) 40 19 (0.7) 10 1 (< 0.1) 1 8 (0.3) 4 10 (0.4) 4 1 (< 0.1) 1

7 22 (0.8) 12 6 (0.2) 4 1 (< 0.1) 1 6 (0.2) 3 5 (0.2) 3 0 (0.0) 0

8 25 (0.9) 12 8 (0.3) 6 1 (< 0.1) 1 5 (0.2) 3 8 (0.3) 3 0 (0.0) 0

Total 2666 (100.0) 101 2666 (100.0) 101 2666 (100.0) 101 2666 (100.0) 101 2666 (100.0) 101 2666 (100.0) 101
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operations as opposed to its individual constitu-
ent parts.

Conclusions

In a community-based, longitudinal study of
neighbors of industrial hog operations, we
observed associations among malodor, several
airborne emissions, stress, and negative mood.
Specifically, we observed increased reporting
of stress and negative mood in response to
increasing malodor. Additionally, increases in
H2S and semivolatile PM10, both odorous in
nature, were associated with reported stress
and 1 or more mood variables. Our findings
complement a large literature on malodor as an
environmental stressor. Malodor and concom-
itant airborne emissions do appear to trigger
stress and negative mood in nearby residents
unwillingly exposed at home.

It is important to contextualize the effect of
malodor on the lives of nearby residents. People
who cannot afford air conditioning, clothes
dryers, membership at a gym, and entertaining
in restaurants depend on opening their windows
for ventilation, drying their clothes outside,
exercising in their yards, and entertaining family
and friends in and around their homes. In
ethnographic interviews, neighbors of industrial
hog operations report that they refrain from
gardening, walking, chores, and having cook-
outs with family and friends because of hog
odor, and they report interruption of their sleep
because of hog odor inside their homes.54 This is
significant, because physical activity, social sup-
port, and sleep are important for health. Indus-
trial hog operations in North Carolina are located
disproportionately in low income, African
American communities35 that have limited

financial resources to prevent the influx of
polluting industries as well as to manage the
impacts of uncontrollable environmental mal-
odors on physical and mental health. Recogniz-
ing that health is a state of well-being, and not
merely the absence of disease,40 public health
and environmental professionals should consider
the impacts of environmental malodor and its
potential role in magnifying health disparities. j

About the Authors
Rachel Avery Horton and Steve Wing are with the De-
partment of Epidemiology, University of North Carolina,
Chapel Hill. Stephen W. Marshall is with the Departments
of Epidemiology, Orthopedics, and Exercise and Sport
Science, University of North Carolina, Chapel Hill.
Kimberly A. Brownley is with the Department of Psychiatry,
University of North Carolina, Chapel Hill.

Correspondence should be sent to Rachel Avery Horton,
Department of Epidemiology, University of North
Carolina at Chapel Hill, CB# 7435, Chapel Hill, NC
27599-7435 (e-mail: ravery@email.unc.edu). Reprints
can be ordered at http://www.ajph.org by clicking on the
‘‘Reprints/Eprints’’ link.

This article was accepted on December 20, 2008.

Contributors
R. Avery Horton had primary responsibility for the
study, completed the analyses, and wrote the first draft.
S. Wing actively provided consultation throughout all
phases of the research. S.W. Marshall provided statistical
expertise in the design and analysis of data. K. A.
Brownley consulted in the design phase and in the
interpretation and contextualization of the results. All
authors contributed to the writing of the article.

Acknowledgments
This work was supported by the Environmental Justice
and Community-Based Participatory Research Program
of the National Institute of Environmental Health Sci-
ences (R01 ES011359) and by the Biostatistics for
Research in Environmental Health Training Grant of the
National Institute of Environmental Health Sciences
(5-T32-ES07018).

We wish to thank the community-based organizations,
whose names remain anonymous to protect the identity
of the communities in which they worked, for their
efforts in participant recruitment and retention through-
out the study. We also thank the study participants who
gave their time and energy to the project. We further
acknowledge Steve Hutton, the project programmer, for
his tireless work in preparing data sets for analysis.

Human Participant Protection
This study was approved annually by the institutional
review board of the University of North Carolina at
Chapel Hill. All study participants provided informed
consent.

References
1. Asmus CL, Bell PA. Effects of environmental odor
and coping style on negative affect, anger, arousal, and
escape. J Appl Soc Psychol. 1999;29:245–260.

TABLE 3—Logistic Mixed Model Results for Associations Between Hydrogen Sulfide, PM10,

Semivolatile PM10, Odor, Stress, and Negative Mood: Community Health Effects of

Industrial Hog Operations Study, Eastern North Carolina, 2003–2005

Main Exposure and Outcome Variable b SE t OR (95% CI)

Hydrogen sulfide (ppb)

Stressed or annoyed 0.17 0.048 3.54 1.18 (1.08, 1.30)

Nervous or anxious 0.11 0.044 2.55 1.12 (1.03, 1.22)

Gloomy, blue, or unhappy 0.012 0.063 0.18 1.01 (0.89, 1.15)

Angry, grouchy, or bad-tempered 0.039 0.047 0.84 1.04 (0.95, 1.14)

Confused or unable to concentrate –0.074 0.12 –0.63 0.93 (0.73, 1.17)

PM10 (lg/m3)

Stressed or annoyed 0.00065 0.0051 0.13 1.00 (0.99, 1.01)

Nervous or anxious 0.0029 0.0052 0.57 1.00 (0.99, 1.01)

Gloomy, blue, or unhappy 0.012 0.010 1.11 1.01 (0.99, 1.03)

Angry, grouchy, or bad-tempered 0.0035 0.0057 0.61 1.00 (0.99, 1.01)

Confused or unable to concentrate 0.010 0.0070 1.43 1.01 (1.00, 1.02)

Semivolatile PM10 (lg/m3)

Stressed or annoyed 0.055 0.025 2.15 1.06 (1.00, 1.11)

Nervous or anxious 0.095 0.033 2.91 1.10 (1.03, 1.17)

Gloomy, blue, or unhappy 0.058 0.043 1.35 1.06 (0.97, 1.16)

Angry, grouchy, or bad-tempered 0.027 0.026 1.05 1.03 (0.98, 1.08)

Confused or unable to concentrate 0.043 0.036 1.22 1.04 (0.97, 1.12)

Twice daily odor rating (0–8)

Stressed or annoyed 0.59 0.051 11.50 1.81 (1.63, 2.00)

Nervous or anxious 0.47 0.064 7.37 1.60 (1.41, 1.81)

Gloomy, blue, or unhappy 0.36 0.067 5.35 1.43 (1.25, 1.63)

Angry, grouchy, or bad-tempered 0.42 0.055 7.70 1.52 (1.37, 1.70)

Confused or unable to concentrate 0.27 0.065 4.20 1.31 (1.16, 1.50)

Note. OR = odds radio; CI = confidence interval; PM10 = particulate matter less than 10 lm in aerodynamic diameter. Adjusted
for time of day, morning versus evening.
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