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Agricultural Dust Exposure and Respiratory
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Objective: To study whether dust exposure in California agriculture is
a visk factor for vespiratory symptoms. Methods: A population-based survey
of 1947 California farmers collected respiratory symptoms, occupational
and personal exposures. Associations between dust and respiratory symp-
toms were assessed by logistic regression models. Results: The prevalence of
persistent wheeze was 8.6 %, chronic bronchitis 3.8 %, chronic cough
4.2%, and asthma 7.8 %. Persistent wheeze was independently associated
with dust in a dose—response fashion odds ratio, 1.2 (95% confidence
interval [CI] = 0.8-2.0) and 1.8 (95 % CI = 1.1-3.2) for low and high
time in dust. A borderline significant association between chronic bronchitis
and dust exposure was found. Asthma was associated with keeping
livestock, but not with dust exposure. Conclusions: Occupational dust
exposure among California farmers, only one third of whom tended
animals, was independently associated with chronic respiratory symptoms.
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arming is one of the oldest human
endeavors and holds an important
place in the national and world econ-
omy. Despite progress in production
methods, modern farming is associ-
ated with numerous hazardous expo-
sures." Many of these, including
agricultural dust exposures, may cause
a wide range of respiratory diseases.>
Most previous studies of respira-
tory disease among agricultural
workers have been conducted in the
midwest and northeastern United
States or in other countries, and have
generally focused on organic dust
exposures associated with produc-
tion of specific farm commodities.
These studies have commonly in-
volved populations working in en-
closed facilities such as swine or
other animal confinement buildings,
dairy barns, or silos.* ! Research
has commonly focused on asthma,
organic dust toxic syndrome, hyper-
sensitivity pneumonitis, and other
agriculture-related respiratory dis-
eases from these environments. Few
studies of respiratory disease in ag-
riculture have been conducted in the
western United States, where differ-
ences in agricultural practices and
climate may result in disparate expo-
sures to farmers and farm workers.
California provides a unique and
important setting for conducting re-
spiratory health studies among farm-
ers. The state has a broad range of
climates and soil conditions, allow-
ing impressive year-round agri-
cultural variety and productivity.
Approximately 30% of California’s
land area of just over 100 million
acres is devoted to agricultural pro-
duction, and the state has led the
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country in agricultural production for
the past 50 years. There are almost
80,000 farms that produce over 200
major commodities.'* Rainfall occurs
only a few months of the year, and the
long dry season may further increase
exposure to agricultural dusts.

Recent research has documented
high levels of dust exposure among
California’s agricultural work-
ers.'>™'> Case reports suggest that
this agricultural dust exposure may
result in a silicate or mixed-dust
pneumoconiosis,'® but the respira-
tory effects of this exposure in pop-
ulation-based studies are largely
unknown.

We report here the results of a
cross-sectional survey designed to
characterize the respiratory health of
California farm operators and to
identify occupational risk factors for
respiratory disease. The study repre-
sents baseline data on a representa-
tive cohort of California farmers: the
UC Davis Farmer Health Study.

Materials and Methods

Sample Selection

A random sample of 4500 farms
was selected from the California Ag-
ricultural Statistics Service (CASS)
list of approximately 57,000 farms.
Details of the Farmer Health Study’s
sampling strategy have been de-
scribed.'”'® A farm is defined by
CASS as a location that produced, or
normally would have produced,
$1000 or more in sales of agricul-
tural products during the previous
year. The survey was directed to the
Primary Farm Operator (PFO) of
the farm on the CASS database. The
PFO is defined as the individual who
is responsible for making the day-to-
day decisions on the farm. The PFO
may be the owner, a member of the
owner’s household, a salaried man-
ager, or a tenant. In some instances,
two or more individuals jointly made
the day-to-day decisions. In these
situations, interviewers attempted to
question the individual making the
majority of the decisions.

Questionnaire Development
and Administration

A computer-assisted telephone
interview (CATI) survey lasting ap-
proximately 40 minutes was admin-
istered by trained interviewers. We
attempted to contact all 4500 poten-
tial participants.

Respiratory Outcome Measure-
ments. Respondents were asked about
respiratory symptoms and doctor-
diagnosed asthma using standardized
questions from the ATS-DLD ques-
tionnaire."® Chronic bronchitis (CB)
was defined as producing phlegm on
most days of the week for 3 or more
months for 2 or more years. Chronic
cough (CC) was defined as having a
cough on most days or nights for 3 or
more months. Persistent wheeze (PW)
was defined as the chest sounding
wheezy on most days or nights or if the
chest sounds wheezy with colds and
apart from colds.

Exposure Measurements. Farmers
were asked the following question:
“In the past year, approximately
what percentage of the time that you
spent farming did you spend working
at a dusty job?” They were also
asked to report the numbers of hours
they personally worked on their farm
operation over the last year (by sea-
son) and the percentage of time spent
in the general categories of adminis-
trative, field, and livestock tasks.

We have previously reported the
concentration and particle sizes of
dusts found on farms in the same
geographic area,'>'* as well as the
composition of dusts with respect to
inhalable and respirable particles, en-
dotoxins, and crystalline silica.'”> An
analysis of the ability of farm work-
ers on 10 farms in the UC Davis
Farmer Health Study cohort to esti-
mate their exposures to inhalable and
respirable dust indicated that group
subjective dust estimates correlated
well with measured inhalable dust.*”

Statistical Analysis

Analyses were completed using
the SAS software package.”' The
dust exposure variable was created
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from the question “In the past year,
approximately what percentage of
the time that you spent farming did
you spend working at a dusty job?”
The average weekly hours spent
farming in each season of the year
was also asked. Both the percent
time in a dusty environment (0—
100%) and a combination continuous
variable consisting of percent time in
dust multiplied by average hours per
week farming were considered as
exposure variables. After univariate
analysis of associations between se-
lected independent and dependent
variables, multivariable logistic re-
gression models were constructed.
These models all contained the fol-
lowing independent variables: age,
sex, smoking status, and, when rele-
vant, asthma. We considered in ad-
dition, socioeconomic status (SES),
region, farm type, living on the farm,
pesticide use, nonfarm exposures,
and air pollution. The additional
variables were only included in the
logistic regression models if they
affected the magnitude of the ob-
served association between dust ex-
posure and respiratory symptoms by
at least 20%.

We defined an indicator of SES by
multiplying ordinal responses for to-
tal family income and highest grade
completed by the PFO. Low SES
was defined as those PFOs in the
lowest quartile, medium SES as
those PFOs in the second and third
quartiles, and high SES PFOs were
those in the fourth/highest quartile.

A job/occupation variable was cre-
ated to determine if off-farm occupa-
tion during the last 12 months was
associated with any of the respiratory
outcome variables. An occupational
dust exposure variable was con-
structed from the farm operator’s
preceding-year nonfarming job his-
tory and classified as high, medium,
or low dust exposure by an industrial
hygienist independent of knowledge of
symptoms or disease outcome status.

An air pollution variable was de-
rived using county-specific pMm-10
and ozone data. pM-10 and ozone
were selected because they are the
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dominant air pollutants in Califor-
nia.>> Additionally, ozone is an ex-
cellent indicator of photochemical
smog. A table listing the most recent
yearly averages for pm-10 and ozone
levels for each county was con-
structed using data from the Califor-
nia Air Resources Board,”* and an
overall subjective classification of
low, medium, or high air pollution
was assigned to each county by an
industrial hygienist.

Farm type was based on a classi-
fication we have previously used in
analysis of California farmers.'*
Farms are classified as small or large
mixed farms, field, fruit/nut, live-
stock, nursery, and vegetables de-
pending on their main commodities.

Results

We were able to contact 2388 of
the 4500 farms selected from the
CASS list. Telephone interviews
were completed by 1947 PFOs
(80.4%) and 441 (18.2%) refused to
be interviewed with the remainder
unable to complete the interview.
The representativeness of this
sample compared with the CASS is
good and has been discussed else-
where.'”"'® Essentially there were no
statistically significant differences
found between the 4500 PFOs
selected and the 52,943 PFOs not
selected. We also assessed the repre-
sentativeness of our respondents by
comparing them with operators who
refused to participate. In this com-
parison, refusals had significantly
fewer total acres than respondents
(399.2 vs 762.3, P < 0.05) but did
not differ on acres of cropland, num-
ber of cattle, land in fruits/nuts, or
land in vegetables. Other variables
such as age, race, and income were not
available from the CASS database.

One hundred PFOs who com-
pleted the telephone survey were
randomly selected for a brief second
telephone interview within 2 to 3
weeks of the original interview.
Agreement between the dichotomous
variables on the original and the
reinterview was very good, with
kappa values ranging from 0.74 to

0.92. Comparison of the two contin-
uous variables (age and number of
acres) showed a high degree of cor-
relation (r = 1 and 0.997, respec-
tively) and no significant difference
in the means using a paired ¢ test.
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Demographic Characteristics

Most respondents were white,
non-Hispanic (84.5%), and the mean
age (*standard deviation [SD]) was
54 (£13.4) years (Table 1). Approx-

TABLE 1
California Farmer Health Study Demographics
Males Females Total
Total [no. (%%)] 1751 (89.9) 196 (10.1) 1947 (100)
Age [years]
Mean + SD 544+ 133 543 *+13.8 544 +134
Median 54 54 54
Percent living on farm 1248 (71.3) 159 (81.5) 1407 (72.3)
Ethnicity [no. (%)]
White, not Hispanict 1471 (84.0) 174 (88.8) 1645 (84.5)
Hispanict 111 (6.3) 9 (4.6) 120 (6.2)
Asian, not Hispanic 82 (4.7) 7 (3.6) 89 (4.6)
Other, not Hispanic 81 (4.6) 6 (3.1) 87 (4.5)
Missing/unknown/refused 6 (0.3) 0 6 (0.3)
Education [no. (%)]
<12yr 169 (9.7) 17 (8.7) 186 (9.5)
12 yr 479 (27.4) 51 (26.0) 530 (27.2)
13-15 yr 520 (29.7) 63 (32.1) 583 (29.9)
16 yr 374 (21.4) 31 (15.8) 405 (20.8)
=17 yr 202 (11.5) 33 (16.8) 235 (12.3)
Missing/unknown/refused 7 (0.4) 1(0.5) 8 (0.5)
Percent of income from farming [no. (%)]
<25% 567 (32.7) 92 (47.0) 659 (33.9)
25-50% 284 (16.4) 34 (17.4) 318 (16.4)
51-75% 127 (7.3) 15(7.7) 142 (7.3)
>75% 754 (43.5) 49 (25.2) 803 (41.3)
Missing/unknown/refused 19(1.1) 6 (3.1) 25(1.3)
Smoking status [no. (%)]
Never 950 (54.3) 129 (65.8) 1079 (55.4)
Former 592 (33.8) 35(17.9) 627 (32.2)
Current 201 (11.5) 32 (16.3) 233 (12.0)
Missing/unknown/refused 8 (0.4) 0 8 (0.4)
Farm type [no. (%)]
Large mixed 322 (18.4) 15(7.7) 337 (17.3)
Field 142 (8.1) 6 (3.1) 148 (7.6)
Fruit 800 (45.7) 77 (39.3) 877 (45.0)
Livestock 206 (11.8) 49 (25) 255 (13.1)
Nursery 56 (3.2) 9 (4.6) 65 (3.3)
Small mixed 198 (11.3) 34 (17.4) 232 (11.9)
Vegetables 16 (0.9) 4 (2.0) 20 (1.0)
Missing/unknown/refused 11 (0.6) 2(1.0) 13 (0.7)
Percent time at dusty job [no. (%)]
0% time 358 (20.5) 72 (36.7) 430 (22.1)
1-49% time 1065 (60.8) 90 (45.9) 1155 (59.3)
>50% time 306 (17.5) 30 (15.3) 336 (17.3)
Missing/unknown/refused 22 (1.3) 4(2.0) 26 (1.3)

*Percentages may not add to 100 as a result of rounding.
TNumber of white farm operators in 1992 US and California Agricultural Census calculated
by subtracting the sum of blacks, Asian/Pacific Islanders, and others from the total number

of farm operators.

FIn the California and US 1992 Agricultural Census, Hispanic refers to “of Spanish origin”
and includes many race/ethnic groups. These numbers are not comparable to the results from
our survey which differentiates white non-Hispanics and black non-Hispanics from Hispanics.

SD indicates standard deviation.
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TABLE 2

Prevalence of Respiratory Symptoms and Asthma by Farm Type

Farm Type Persistent Wheeze (%) Chronic Cough (%) Chronic Bronchitis (%) Asthma (%)

Large mixed 30 (8.9) 10 (3.0) 12 (3.6) 31(9.2)

Field 16 (10.8) 6 (4.1) 6 (4.1) 11 (7.4)

Fruit 64 (7.3) 36 (4.1) 30 (3.4) 51 (5.8)
Livestock 29 (11.4) 17 (6.7) 10 (3.9 30 (11.8)
Nursery 2 (3.1) 3(4.6) 4(6.2) 4(6.2)
Small mixed 22 (9.5) 9(3.9) 11 (4.7) 22 (9.5)
Vegetables 4 (20.0) 1(5.0) 1(5.0) 2 (10.0)
Total 167/1947 = 8.58% 82/1947 = 4.21% 74/1947 = 3.84% 151/1947 = 7.8%

*P = 0.05 ¥? test of independence.

imately 90% were male and one third
completed 16 years or more of edu-
cation. The median duration of full-
time farming was 15 years, and the
median acreage farmed during the
previous year was 60 acres (not
shown here'”). A slightly higher
proportion of females had 17 or
more years of education compared
with males. Additionally, females
reported a lower percentage of total
income from farming compared
with males and were more likely to
be never smokers.

The reported prevalence of current
smoking among female farm operators
(16%) was higher than among male
farm operators (11.5%) (Table 1). Ap-
proximately 37% of the respondents
worked at least 50% of the time at
fieldwork such as planting, harvesting,
or irrigating, whereas 22% reported no
time spent in fieldwork. There was no
association observed between amount
of time spent on fieldwork and age.
Approximately 62% of farm operators
reported raising fruit, 26% reported
raising field crops, 15% reported rais-
ing vegetables, and 34% reported rais-
ing livestock (total greater than 100%
because of farmers raising multiple
commodities).

Respiratory Symptoms

Among smokers, prevalences were
significantly higher for PW, CC, and
CB. PW was reported in 8.6% of
respondents (Table 2) (21.5% of cur-
rent smokers and 5.9% of never
smokers), CB in 3.8% (10.7% of
current smokers and 2.0% of never
smokers), and CC in 4.2% (15% of

current smokers and 2.5% of never
smokers). There was little difference
in physician-diagnosed asthma
(overall prevalence 7.8%) between
current smokers (8.2%) and never
smokers (7.3%). Age (categorized as
18-39, 40-59, 60-79, 80+ years)
was significantly associated with CC
and was included in all logistic re-
gression models.

Race/ethnicity was not associated
with any of these outcomes in a
chi-squared test of independence and
was not included in the final models.
Males had a significantly higher
prevalence of PW compared with
females (9.1% vs 4.1%, respectively,
P < 0.05), but other symptoms
showed no differences in prevalence
by sex.

Asthma prevalence was higher
among livestock farmers (11.8%)
than among other PFOs; the differ-
ence was of borderline statistical sig-
nificance (P = 0.05) (Table 2). PW
prevalence was also slightly but not
statistically significantly elevated
among livestock farmers (P = 0.08).
CC and CB showed no association
with farm type.

Exposure Characteristics

Both the percent time in dust
(0-100%, not normally distributed)
and a combination variable of per-
cent time in dust multiplied by
average yearly hours per week
farming were considered as expo-
sure variables. The combination
variable did not change the associ-
ation between continuous dust ex-
posure and respiratory symptoms

and was not considered further.
The time-in-dust variable was cat-
egorized as follows. The mean
(=SD) for time spent in dust was
19.9% (*24.2) and the median was
10%. Respondents were grouped
into “no” (0% time = 22.1% of
respondents), “low” (1-49%
time = 59.3% of respondents), and
“high” (=50% time = 17.3% of
respondents) dust exposure groups
(Table 1). Similar categorization of
self-reported exposure to dust has
been described in two other papers
from this study.?*-**

Farm operators reported infre-
quent use of protective respiratory
equipment when working at a dusty
job."® More than 80% of respon-
dents answered that they rarely or
never used cartridge respirator
(84.5%) and 50% reported that they
rarely or never used a disposable
dust mask when working at a dusty
job. Use of protective equipment
was not correlated with increased
dust exposure, and wearing a dis-
posable dust mask was not a statis-
tically significant independent
predictor for any of the respiratory
outcome variables.

Association Between
Respiratory Symptoms
and Exposures

A positive dose-response associa-
tion with dust exposure was observed
for PW (Table 3) after controlling for
smoking (current, former, and never),
age, sex, and physician-diagnosed
asthma. The high dust category had
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TABLE 3

Logistic Regression Model for Respiratory Symptoms and Adjusted Prevalence Odds Ratios* (95% Confidence Intervals)

Persistent Wheeze Chronic Cough Chronic Bronchitis Asthma

Age (yn

18-39 1.0 1.0 1.0 1.0

40-59 0.9 (0.5-1.5) 1.3(0.6-3.1) 0.9 (0.4-1.9) 0.7 (0.5-1.2)

60-79 1.0 (0.5-1.6) 2.4 (1.0-5.6) 1.4 (0.6-3.0) 0.7 (0.4-1.2)

>79 0.2 (0.0-1.7) 3.2 (0.6-16.7) 2.5(0.6-10.3) 1.6 (0.6-4.2)
Smoking status

Never 1.0 1.0 1.0 1.0

Former 1.3 (0.9-2.0) 1.0 (0.5-1.8) 1.9 (1.0-3.4) 1.2(0.8-1.8)

Current 4.7 (3.1-7.3) 7.3 (4.2-12.5) 5.8 (3.1-10.6) 1.2 (0.7-2.0)
Dust exposure

None 1.0 1.0 1.0 1.0

Low 2(0.8-2.0) 1.5(0.8-2.8) 1.0 (0.5-1.8) 1.1 (0.8-1.8)

High (1 -3.2) 1.3 (0.6-2.9) 1.8 (0.9-3.7) 0.9 (0.5-1.6)
Live on farm 7 (1.1-2.6) 1.6 (0.9-3.0) 1.6 (0.9-3.0) Not included
Male sex 9(1.4-6.4) 2.0 (0.8-5.1) 2.4 (0.8-6.8) 0.9 (0.5-1.5)
Asthma per MD (5 1-11.8) 1.2 (0.5-2.7) 4.3 (2.4-7.8) Not included
Kept livestock in last year Not included Not included Not included 11.9 (1.3-2.6)

*Each odds ratio is adjusted for all other variables listed in the model for each symptom.
TFor asthma, keeping livestock in the last 12 mo was included in the model instead of living on the farm.

NS indicates not significant.

nearly a twofold increased adjusted
prevalence odds ratio (APOR) for
PW compared with the no dust ex-
posure category. Additionally, living
on the farm, male sex, and self-
reported physician-diagnosed asthma
were also significantly associated
with PW. There were no significant
interactions observed between dust
and geographic region in any of the
models. Current cigarette smoking
(APOR = 4.7) was approximately
2.5 times more strongly associated
with PW than was high dust expo-
sure (APOR = 1.8) in the multivar-
iate model. Current smokers were
more likely to report high (>50%)
time in dust than were ex- and never
smokers (25% vs 16-17%), but no
interaction between dust exposure
and smoking was significant (a =
0.05) in the models.

A positive association was also
observed for dust exposure in the
logistic regression model for CB, but
there was no evidence of a dose—
response. We observed a positive
trend for age in the models for CB
and CC. As observed in the model
for PW, the APOR for cigarette
smoking in CB was nearly three
times the APOR for high dust expo-

sure. For doctor-diagnosed asthma,
the only positive association was
found with farmers who kept live-
stock over the previous year. Smok-
ing status and current agricultural
dust exposure were not significant in
the model (Table 3).

Sex, physician-diagnosed asthma,
and living on the farm were not
significantly associated with CC and
CB and did not alter the association
between respiratory symptom and
other variables. SES and geographic
region were also evaluated as inde-
pendent variables and were not
statistically significant for any respi-
ratory outcome. The nonfarm job/
occupation variable described in
“Methods” was also not statistically
significant in any of the models after
controlling for age, sex, and smoking.

Average annual pm-10 values
ranged from a high of 78.9 wg/m?® in
San Bernardino County (Ontario
Airport) to a low of 11.9 wg/m? in
Lake County (Lakeport). Average
annual ozone levels ranged from
0.011 ppm in Alameda county to
0.057 ppm in San Bernardino county
with an annual mean of 0.028 ppm.*>
After controlling for age, sex, and
smoking status, neither pollution

variable achieved statistical signifi-
cance or appreciably change the re-
maining coefficients in logistic
regression models for any outcome.

We examined the effect of mixing,
loading, or applying pesticides dur-
ing the last year on PW, CB, CC, and
asthma while controlling for the vari-
ables listed in Table 3. Pesticide use,
categorized as high (>7 days in the
last year), medium (1-7 days), and
low (0 days), was not a statistically
significant independent predictor for
PW, CC, CB, or asthma.

Discussion

We report an independent associ-
ation of persistent wheeze with
self-reported dust exposure among
California farm operators. Chronic
cough and bronchitis also showed an
association with dust exposure, al-
though these were of borderline sta-
tistical significance. Living on the
farm was also independently associ-
ated with an increased prevalence of
wheezing.

Asthma was not independently as-
sociated with dust exposure, and
there was no appreciable change in
the magnitude of the prevalence odds
ratios for PW, CC, or CB when
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asthma was removed as a covariate
in the logistic regression models. The
observed association of asthma with
livestock farms may reflect the
known association of farm animal
exposure and asthma.>>>® Asthma,
including atopic and nonatopic
forms, is less frequent in farmers
than in the general population, but
specific farm exposures may cause
or exacerbate asthma.?**° Eduard et
al found an association of total dust
and asthma in nonatopic farmers, but
exposures were mixed and a dose—
response was not observed.”® The
influence of selective retirement of
farmers because of asthma (healthy
farmer effect) may also play into this
complex relationship, but more spe-
cific research would be useful to
characterize exposures on livestock
farms and airway reactivity among
California farmers.

Although cumulative and current
exposure may both contribute to
respiratory symptom prevalence,
several studies show that current ex-
posure is a more significant risk fac-
tor than historical exposure, and
symptom prevalence decreases with
time since exposure stopped.®'*

For example, there is very good
evidence that current exposure to
cigarette smoking is more pertinent
to the association between smoking
and current respiratory symptoms
than historical smoking status.>* This
is also true of current exposures ver-
sus historic for “industrial bronchi-
tis.”*> The reported prevalence of
current smoking among our male
respondents (11.5%) was lower than
the adult statewide prevalence
(17.0%), but the smoking prevalence
among female farmers (16.3%) was
higher than the statewide rate for
adult females (12.3%).>* These
prevalences are not directly compa-
rable because of different smoking
criteria, but the lower prevalence in
male farmers is consistent with other
studies of farming populations that
show lower smoking prevalences for
farmers than for nonfarmers.*”> The
higher prevalence of smoking among
female California farm operators

requires further investigation. We
observed the expected strong associ-
ation between chronic respiratory
symptoms and current smoking and a
smaller, nonsignificant but positive
association among exsmokers. A
dose-response association of occu-
pational dust exposure with PW and
with CB persisted after adjustment
for the stronger associations with
smoking. Restricting the model to
farmers who had never smoked re-
sulted in an APOR for PW of similar
magnitude, but with wider confi-
dence intervals, such that the associ-
ation with dust exposure was no
longer statistically significant (data
not shown).

The magnitude of the association
between PW and the variable “living
on the farm” was intermediate be-
tween the association of PW with
low-dust and high-dust variables.
Because the focus of this study was
occupational exposures, no effort
was made to explore residential ex-
posures. Approximately 70% of the
respondents lived on the farm they
operated. Although our expectation
is that adverse respiratory exposures
are quantitatively, if not qualita-
tively, greater in the farm work
environment, ambient residential ex-
posures may compound or exacer-
bate the effects of work exposures.
More study is needed to characterize
ambient dust and other exposures in
rural farm residences.

The major strengths of this study
are its large size and inclusion of the
broad range of California agriculture.
One potential source of bias is the
healthy worker effort. It is possible
that farmers with more serious respi-
ratory symptoms self-selected them-
selves out of farming jobs with
heavier dust exposure or high expo-
sure to other respiratory irritants.
Longitudinal studies would be neces-
sary to confirm this hypothesis
among California farmers. Another
possibility is that sicker farmers se-
lectively retired from farming. By
using the CASS database, we were
limited to those farms that produced
$1000 or more in sales of agricul-
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tural products during the previous
year. This may have eliminated some
retired farmers. In a study of rural
Iowans who were 65+ years old,
those who were currently working
were healthier than those who were
retired.’® Recent studies of Swedish
and Dutch farmers have also ob-
served a “healthy-farmer effect.”?’~*
If the healthy worker effort is present
in this study, the prevalence of respi-
ratory symptoms we found is likely
to be a conservative estimate of the
true prevalence among farm opera-
tors, especially for those with more
severe disease such as physician-
diagnosed asthma.

Small farms are likely underrepre-
sented in this study; the distribution of
farm size differs from the California
and U.S. Agriculture Censuses. A
1992 National Agricultural Statistics
Service assessment of the CASS data-
base showed that only 23% of the
small farms (defined as having sales of
agricultural commodities totaling
$1000-$999 in the previous 12
months) were included in the CASS
database.®® In contrast, over 82% of
large farms (sales of $100,000+) were
included. This overrepresentation of
larger farms may limit the general-
izability of our results to farms gener-
ating more than $100,000 in sales,
although we have no reason to suspect
a bias as a result of this. In addition, of
the 1871 respondents whose average
weekly hours farming were greater
than zero (51 did not answer), 25%
worked less than 12.5 hours a week
and only 38.4% spent 40 or more
hours a week on farm tasks (mean
average hours per week 33.7, SD 23.8,
median 30). If only full-time farmers
were surveyed, the distribution of dust
exposure may have been different, and
it is possible there would have been a
greater proportion in the high dust
category, where it is expected the
greatest effect of irritant particles on
respiratory symptoms would be seen.

For exposure subgroups of ap-
proximately 500, our study had ade-
quate power to detect relative risks
of 2.0 or greater for conditions oc-
curring in 5% of unexposed persons.
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Because many of our subgroups such
as swine farmers held fewer than 500
subjects, it is possible that the small
sample size precluded the finding of
significant positive associations.

It was not within the scope of this
study to include an objective expo-
sure assessment for the numerous
tasks performed by farmers. Al-
though questionnaires do not allow
for objectively validated exposure
assessments, they do provide a qual-
itative assessment of exposure for
respiratory hazards. Moreover, there
is evidence that subjective assess-
ments of dust exposure may be
meaningful surrogates for more ex-
pensive quantitative measurements.
In a study of the relation between
subjective dust exposure estimates
and quantitative dust exposure mea-
surements in California farm work-
ers, Nieuwenhuijsen and colleagues
found that subjectively grouped esti-
mates of workers’ inhalable dust ex-
posure were strongly correlated with
quantitative measurements (r* =
0.81), although a lower correlation
was seen for individual estimates of
inhalable particles (¥ = 0.67).%°
Age, the number of years working in
agriculture, education level, and the
presence of any respiratory symp-
toms did not have a significant inde-
pendent effect on the relationship
between measured dust levels and
subjective dust estimates.

The primary effect of relying on a
questionnaire is likely to be impre-
cise exposure assessment, making it
difficult to detect true associations.
Results may also be biased if persons
with respiratory disease are more
likely to perceive their work environ-
ment as dusty. We do not know the
magnitude of these two potential
sources of error. However, consis-
tency of the observed association
between dust exposure and respira-
tory symptoms, the presence of a
dose—response, and their persistence
after controlling for history of asthma
and other potential cofounders all sup-
port the likelihood of a causal associ-
ation of these observations.

We are not aware of similar stud-
ies using a population-based sample
of farm operators in the western
United States. However, studies
among farmers producing specific
agricultural commodities (eg, swine,
dairy cattle, beef cattle) have, in
general, observed higher prevalences
for respiratory symptoms than we
report here for California farm-
ers.>**~* For example, Zejda re-
ported a prevalence of 25% for
wheezing among swine and grain
farmers in Saskatchewan.** Dosman
observed a prevalence of 27.4% for
wheezing among grain and beef cat-
tle farmers in Saskatchewan.*> How-
ever, in a study of Ohio cash grain
farmers, similar prevalences for
wheezing were observed, although
cough and phlegm prevalences were
higher than in California farmers.*®
A study of cattle farmers in Germany
found higher prevalences of work-
related respiratory symptoms with no
difference by cigarette smoking sta-
tus.*” A recent European study of
animal farmers found the highest
prevalences of respiratory symptoms
among pig farmers and increased
prevalences of cough with phlegm
among all animal farmers compared
with the general population.*® An-
other recent European study of farmers
also found higher prevalences of bron-
chitis, but lower asthma and atopy
prevalences than in the UC Davis
Farmer Health Study population.*”

Interpretation of differences among
these and other studies is difficult be-
cause of differences in adjustment for
age, smoking, and definition of symp-
toms and exposures. Wheezing in par-
ticular is based on different questions,
and higher prevalences may be in part
the result of less restrictive definitions
than the one used in this study. A
direct comparison of the UC Davis
Farmer Health Study population with a
European farming population (taken
from Denmark, Germany, Switzer-
land, and Spain)’® demonstrated lower
prevalence of asthma (2.8% vs 4.7%)
in the European versus Californian
group but a higher prevalence of
chronic bronchitis (10.7% in Europe
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vs 4.4% in California). The difference
in asthma prevalence may relate to
sociodemographic characteristics of
the farm operators, given that the re-
gion (California vs Europe) was no
longer a significant risk factor for
asthma after adjusting for age, sex,
income, and smoking status. The
higher rates of chronic bronchitis in
Europe were thought to be related to
work inside confinement buildings and
greenhouses with high exposures to
organic dusts, which are less common
in California. Again, differences in
farming practices between the warm,
dry California climate, and other farm-
ing regions are a likely explanation for
many of the discrepancies in respira-
tory symptom prevalences.

This study encompassed a broad
range of farmers and commodities.
Seventy-six percent of the operators
surveyed in our study were person-
ally involved in cultivating crops, but
only 31% of the operators raised
livestock during the last 12 months.
Therefore, in comparison to studies
in which the primary population con-
sists of farmers with exposure to
indoor farming environments (eg,
animal confinement), the lower prev-
alence of PW found in our study is
not surprising. There has been much
work demonstrating respiratory
symptoms among farmers exposed to
organic dusts from animal confine-
ment and other crop-generated dusts
(eg, molds, fungi, pollen, endo-
toxin, Gram-negative bacteria, and
mites).*"** Conversely, little atten-
tion has been paid to exposures of
farmers to dusts comprised predom-
inantly of inorganic particles. Most
dusts generated by agricultural oper-
ations have a mix of organic and
inorganic components, and currently
it is impossible to attribute respira-
tory symptoms to specific exposures
in these mixtures. Respiratory out-
comes such as PW, CB, and CC as a
result of repeated exposure to inor-
ganic agricultural dust are biologi-
cally plausible. Exposure to ambient
inorganic particles from environ-
mental, industrial, or traffic (particu-
late and gaseous emissions) sources
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has also been associated with in-
creased respiratory symptoms.”'>?

We are unable to distinguish be-
tween atopic and nonatopic etiolo-
gies with the range of symptoms
found in this study. In addition to
airway irritant effects, respiratory
symptoms resulting from dusts com-
prised predominantly of inorganic
particles in this population may re-
flect early changes of dust-induced
interstitial fibrosis.>® Agricultural
dusts in dry climate areas such as
California have been associated with
pneumoconiosis in case reports and
case series.'®>**> A cross-sectional
survey of rice farmers in California
found radiographic changes sug-
gestive of pneumoconiosis (ILO
[International Labor Organization]
profusion score =1/0) in 10.1% of
the sample,’® and studies of Califor-
nia farm workers exposed to agricul-
tural dusts have observed reduced
forced vital capacity consistent with
restrictive lung function.”’

In the last few years, the compo-
sition of and exposure to agricultural
dusts in California and other dry
climate regions have begun to be
characterized.”>”® Silicates are the
predominant mineral present, but
crystalline silica may represent up to
20% of soil and dust particle compo-
sition.’>” In a study of California
rice farms, Lawson reported total
dust levels as high as 72 mg/m’ and
respirable dust levels as high as 5.24
mg/m> during field preparation.®®
Clausnitzner reported a high of 10.3
mg/m’ for respirable dust levels on a
sample of 18 California farms in one
county.®! In a series of studies, Nie-
wenhuijsen and colleagues have re-
ported personal dust exposures with
a geometric mean (GM) of up to 100
mg/m’> during various ground pre-
paration operations and inhalable
and respirable dust concentrations up
to 50 and 5 mg/m’ GM, respecti-
vely.'?719:23:62:63 T general, the
composition of California agricul-
tural dusts is similar to soils, with the
predominant mineral comprised of
silicates.'> Animal studies suggest an
independent association of these

dusts with respiratory pathology. Us-
ing samples of dust collected from
farms in this Farmer Health Study
cohort, Rajini et al®* showed that rats
experienced inflammatory responses
after being exposed to the dusts in
inhalation studies conducted in labo-
ratories at University of California,
Davis. Nieuwenhuijsen'” determined
in this cohort of farms that crystal-
line silica made up on average 18.6%
of the total mass of respirable dust
samples.

This study represents the first
attempt to characterize the respira-
tory health of a large and diverse
population of California farm oper-
ators. The observed association
between respiratory symptoms and
dust exposure suggests that Cali-
fornia farmers have exposures to
agents in agricultural dust that ad-
versely affect respiratory health,
and inorganic dust may be a signif-
icant contributor to the risk. Future
studies should address the preva-
lence and risk factors for atopic
versus nonatopic wheezing and
asthma, identifying active agents,
mechanism, associated changes in
pulmonary function, airway reac-
tivity, and long-term consequences.

Acknowledgments

The authors thank Ruth Parcell for admin-
istrative and clerical support, Judy Li and
Laurel Beckett for programming and statisti-
cal assistance, and Mark Nieuwenhuijsen for
review of the manuscript and useful com-
ments. Sponsored by NIOSH grant UO07/
CCU906162-08 and NIEHS grant 2 P30
ES05707-11.

References

1. McDuffie HH, Dosman JA, Semchuk
KM, Olenchock SA, Senthiselvan A, eds.
Agricultural Health and Safety; Work-
place, Environment, Sustainability. New
York: Lewis Publishers; 1995:3-209,
433-4717.

2. Schenker M. Respiratory health hazards
in agriculture. In: Schenker M, ed. Am J
Respir Crit Care Med. 1998:S1-S76.

3. May JJ, Schenker MB. Agriculture. In:
Harber P, Schenker MB, Balmes JR, eds.
Occupational and Environmental Respi-
ratory Disease. St. Louis: Mosby; 1995:
617-636.

Agricultural Dust Exposure and Respiratory Symptoms - Schenker et al

4. Dalphin JC, Dubiez A, Monnet E, et al.
Prevalence of asthma and respiratory
symptoms in dairy farmers in the French
province of the Doubs. Am J Respir Crit
Care Med. 1998;158:1493-1498.

5. Zejda JE, Barber E, Dosman JA, et al.
Respiratory health status in swine pro-
ducers relates to endotoxin exposure in
the presence of low dust levels. J Occup
Med. 1994;36:49-56.

6. Sprince NL, Lewis MQ, Whitten PS, et
al. Respiratory symptoms: associations
with pesticides, silos, and animal con-
finement in the lowa Farm Family Health
and Hazard Surveillance Project. Am J
Ind Med. 2000;38:455-462.

7. Senthilselvan A, Dosman JA, Kirychuk
SP, et al. Accelerated lung function de-
cline in swine confinement workers.
Chest. 1997;111:1733-1741.

8. Donham KIJ, Reynolds SJ, Whitten P,
Merchant JA, Burmeister L, Popendorf
WI. Respiratory dysfunction in swine
production facility workers: dose-
response relationships of environmental
exposures and pulmonary function. Am J
Ind Med. 1995;27:405-418.

9. Radon K, Weber C, Iversen M, Danuser
B, Pedersen S, Nowak D. Exposure as-
sessment and lung function in pig and
poultry farmers. Occup Environ Med.
2001;58:405-410.

10. Vogelzang PF, van der Gulden JW, Fol-
gering H, van Schayck CP. Organic dust
toxic syndrome in swine confinement
farming. Am J Ind Med. 1999;35:332—
334.

11. Schwartz DA, Thorne PS, Yagla SJ, et al.
The role of endotoxin in grain dust-
induced lung disease. Am J Respir Crit
Care Med. 1995;152:603—608.

12. Commerce USDA 1997 Census of Agri-
culture. Geographic Area Series. Part
51: United States Summary and State
Data, vol 1. Washington, DC: Economics
and Statistics Administration, Bureau of
the Census; 1999.

13. Nieuwenhuijsen MJ, Schenker MB. De-
terminants of personal dust exposure dur-
ing field crop operations in California
agriculture. Am Ind Hyg Assoc J. 1998,
59:9-13.

14. Nieuwenhuijsen MJ, Kruize H, Schenker
MB. Exposure to dust and its particle size
distribution in California agriculture. Am
Ind Hyg Assoc J. 1998;59:34-38.

15. Nieuwenhuijsen MJ, Noderer KS, Schen-
ker MB, Vallyathan V, Olenchock S.
Personal exposure to dust, endotoxin and
crystalline silica in California agriculture.
Ann Occup Hyg. 1999;43:35-42.

16. Sherwin RP, Barman ML, Abraham JL.
Silicate pneumoconiosis of farm workers.
Lab Invest. 1979;40:576-582.



JOEM - Volume 47, Number 11, November 2005

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

McCurdy SA, Farrar JA, Beaumont JJ, et
al. Nonfatal occupational injury among
California farm operators. J Agric Saf
Health. 2004;10:103-119.

Schenker M, Orenstein MR, Samuels SJ.
Use of protective equipment among Cal-
ifornia farmers. Am J Ind Med. 2002;42:
455-464.

Ferris BF. Epidemiology standardization
project. Am Rev Respir Dis. 1978;118:1—
120.

Nieuwenhuijsen MJ, Noderer KS, Schen-
ker MB. The relation between subjective
dust exposure estimates and quantitative
dust exposure measurements in Califor-
nia agriculture. Am J Ind Med. 1997;32:
355-363.

SAS Procedure Guide, version 6, 3rd ed.
Cary, NC: SAS Institute; 1990.
California Air Resources Board. Sum-
mary of 1992 Air Quality Data—Gaseous
and Particulate Pollutants, vol 24. Sac-
ramento, CA: California Environmental
Protection Agency; 1992.
Nieuwenhuijsen MJ, Schenker MB, Sam-
uels S, Farrar J, Green S. Exposure to
dust, noise and pesticides, their determi-
nants and the use of protective equipment
among California farm operators. Appl
Occup Environ Hyg. 1996;11:1217—
1225.

Nieuwenhuijsen MJ, Schenker MB, Saiki
C, Samuels SJ, Green SS. Work patterns
and self-reported exposures of California
farm operators. Appl Occup Environ Hyg.
1997;12:685-692.

Choudat D, Goehen M, Korobaeff M,
Boulet A, Dewitte JD, Martin MH. Re-
spiratory symptoms and bronchial reac-
tivity among pig and dairy farmers.
Scand J Work Environ Health. 1994;20:
48-54.

Virtanen T, Zeiler T, Rautiainen J, et al.
Immune reactivity of cow-asthmatic
dairy farmers to the major allergen of
cow (BDA20) and to other cow-derived
proteins. The use of purified BDA20
increases the performance of diagnostic
tests in respiratory cow allergy. Clin Exp
Allergy. 1996;26:188—-191.

Iversen M, Dahl R, Korsgaard J, Hallas
T, Jensen EJ. Respiratory symptoms in
Danish farmers: an epidemiological study
of risk factors. Thorax. 1988;43:872—
8717.

Schenker MB. Farming and asthma. Oc-
cup Envion Med. 2005;62:211-212.
Eduard W, Douwes J, Omenaas E, Heed-
erik D. Do farming exposures cause or
prevent asthma? Results from a study of
adult Norwegian farmers. Thorax. 2004;
59:381-386.

Eduard W, Omenaas E, Bakke PS, Dou-
wes J, Heederik D. Atopic and non-atopic

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

asthma in a farming and a general popu-
lation. Am J Ind Med. 2004;46:396-399.
Wang X-R, Eisen EA, Zhang H-X, et al.
Respiratory symptoms and cotton dust
exposure; results of a 15 year follow up
observation. Occup Environ Med. 2003;
60:935-941.

US Department of Health and Human
Services. The Health Consequences of
Smoking: A Report of the Surgeon Gen-
eral. Atlanta: US Department of Health
and Human Services, Centers for Disease
Control and Prevention, National Center
for Chronic Disease Prevention and
Health Promotion, Office on Smoking
and Health; 2004. Available at: http://
www.surgeongeneral.gov/tobacco/sgr/
sgr_2004/.

Morgan WK. Industrial bronchitis. Br J
Ind Med. 1978;35:285-291.

The California Tobacco Control Pro-
gram: A Decade of Progress. Results
From the California Tobacco Survey,
1990-1999. Sacramento, CA: California
Department of Health Services; 2001.
Sterling TD, Weinkam JJ. Smoking pat-
terns by occupation, industry, sex, and
race. Arch Environ Health. 1978;33:313—
317.

Yesalis CE 3rd, Lemke JH, Wallace RB,
Kohout FJ, Morris MC. Health status of
the rural elderly according to farm work
history: the lowa 65+ rural health study.
Arch Environ Health. 1985;40:245-253.
Post W, Heederik D, Houba R. Decline in
lung function related to exposure and
selection processes among workers in the
grain processing and animal feed indus-
try. Occup Environ Med. 1998;55:349—
355.

Thelin A, Hoglund S. Change of occupa-
tion and retirement among Swedish farm-
ers and farm workers in relation to those
in other occupations. A study of ‘elimi-
nation’ from farming during the period
1970-1988. Soc Sci Med. 1994;38:147—
1531.

Gueder J. NASS List Frame Evaluation:
NASS Staff Report; 1992.

Babbott FL Jr, Gump DW, Sylwester DL,
MacPherson BV, Holly RC. Respiratory
symptoms and lung function in a sample
of Vermont dairymen and industrial
workers. Am J Public Health. 1980;70:
241-245.

Iversen M, Kirychuk S, Drost H, Jacob-
son L. Human health effects of dust
exposure in animal confinement build-
ings. J Agric Saf Health. 2000;6:283—
288.

Manfreda J, Cheang M, Warren CP.
Chronic respiratory disorders related to
farming and exposure to grain dust in a

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

1165

rural adult community. Am J Ind Med.
1989;15:7-19.

Kimbell-Dunn MR, Fishwick RD, Brad-
shaw L, Erkinjuntti-Pekkanen R, Pearce
N. Work-related respiratory symptoms in
New Zealand farmers. Am J Ind Med.
2001;39:292-300.

Zejda JE, Hurst TS, Rhodes CS, Barber
EM, McDuffie HH, Dosman JA. Respi-
ratory health of swine producers. Focus
on young workers. Chest. 1993;103:702—
709.

Dosman JA, Graham BL, Hall D, Van
Loon P, Bhasin P, Froh F. Respiratory
symptoms and pulmonary function in
farmers. J Occup Med. 1987;29:38-43.
Wilkins JR 3rd, Engelhardt HL, Rublai-
tus SM, Crawford JM, Fisher JL, Bean
TL. Prevalence of chronic respiratory
symptoms among Ohio cash grain farm-
ers. Am J Ind Med. 1999;35:150-163.
Radon K, Opravil U, Hartung J, Szad-
kowski D, Nowak D. Work-related respi-
ratory disorders and farming characteris-
tics among cattle farmers in Northern
Germany. Am J Ind Med. 1999;36:444—
449.

Radon K, Danuser B, Iversen M, et al.
Respiratory symptoms in European ani-
mal farmers. Eur Respir J. 2001;17:747—
754.

Monso E, Magarolas R, Radon K, et al.
Respiratory symptoms of obstructive
lung disease in European crop farmers.
Am J Respir Crit Care Med. 2000;162:
1246-1250.

Monso E, Schenker M, Radon K, et al.
Region-related risk factors for respiratory
symptoms in European and Californian
farmers. Eur Respir J. 2003;21:323-323.
Goren A, Hellmann S, Gabbay Y, et al.
Respiratory problems associated with ex-
posure to airborne particles in the com-
munity. Arch Environ Health. 1999;54:
165-171.

Gomez SR, Parker RA, Dosman JA, Mc-
Duffie HH. Respiratory health effects of
alkali dust in residents near desiccated
Old Wives Lake. Arch Environ Health.
1992;47:364-369.

Schenker M. Exposures and health ef-
fects from inorganic agricultural dusts.
Environ Health Perspect. 2000;108
(suppl 4):661-664.

Fennerty A, Hunter AM, Smith AP. Sil-
icosis in a Pakistani farmer. BMJ. 1983;
287:698-699.

Gylseth B, Stettler L, Mowe G, Skaug V,
Lexow P. A striking deposition of min-
eral particles in the lungs of a farmer: a
case report. Am J Ind Med. 1984;6:231—
240.

McCurdy SA, Ferguson TJ, Goldsmith
DF, Parker JE, Schenker MB. Respira-



1166

57.

58.

59.

tory health of California rice farmers.
Am J Respir Crit Care Med. 1996;153:
1553-1559.

Gamsky TE, McCurdy SA, Samuels SJ,
et al. Reduced FVC among California
grape workers. Am Rev Respir Dis. 1992:
257-262.

Molocznik A. Qualitative and quantita-
tive analysis of agricultural dust in work-
ing environment. Ann Agric Environ
Med. 2002;9:71-7856.

Stopford CM, Stopford W. Potential for
respirable quartz exposure from North

60.

61.

62.

Carolina farm soils. Scand J Work Envi-
ron Health. 1995;21(suppl 2):44—-46.
Lawson RJ, Schenker MB, McCurdy SA,
et al. Exposure to amorphous silica fibers
and other particulate matter during rice
farming operations. Appl Occup Environ
Hyg. 1995;10:677-684.

Clausnitzer J, Singer MJ. Respirable dust
production from agricultural operations
in the Sacramento Valley, California.
J Environ Qual. 1996;25:877—-884.

Lee K, Lawson RJ, Olenchock SA, et al.
Personal exposures to inorganic and or-

63.

64.

Agricultural Dust Exposure and Respiratory Symptoms - Schenker et al

ganic dust in manual harvest of Califor-
nia citrus and table grapes. J Occup
Environ Hyg. 2004;1:505-514.

Wu J, Nieuwenhuijsen MJ, Samuels SJ,
et al. Identification of agricultural tasks
important to cumulative exposures to
inhalable and respirable dust in Califor-
nia. Am Ind Hyg Assoc. 2003;64:830—
836.

Rajini P, Last JA, McCurdy SA, et al.
Lung injury and fibrogenic response to
dusts from citrus and grape harvests.
Inhal Toxicol. 1995;7:363-376.



