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Despite the intensive use of pesticides in agriculture there are few studies assessing
the risk of respiratory conditions from this exposure. The study aimed at quantifying
the prevalence of respiratory symptoms among farmers and evaluating its relationship
with occupational use of pesticides and the prevalence of respiratory symptoms.
Methods

A cross-sectional study was conducted among 1,379 farmers from two municipalities
of Southern Brazil in 1996. Frequency and type of chemical exposure and pesticide
poisoning were recorded for both sexes. All subjects aged 15 years or older with at
least 15 weekly hours of agricultural activity were interviewed. An adapted questionnaire
developed by the American Thoracic Society was used for the assessment of respiratory
symptoms. Multivariate logistic regression analysis was carried out.

Results

More than half (55%) of interviewees were male. The prevalence of asthma symptoms
was 12% and chronic respiratory disease symptoms was 22%. Higher odds ratios for
both asthma (OR=1.51; 95% ClI: 1.07-2.14) and chronic respiratory disease (OR=1.34;
95% CI 1.00-1.81) symptoms were found in women. Logistic regression analysis
identified associations between many forms of exposure to pesticides and increased
respiratory symptoms. Occurrence of pesticide poisoning was associated with higher
prevalence of asthma symptoms (OR=1.54; 95% CI: 1.04-2.58) and chronic respiratory
disease symptoms (OR=1.57; 95% CI: 1.08-2.28).

Conclusions

In spite of causality limitations, the study results provide evidence that farming exposure
to pesticides is associated with higher prevalence of respiratory symptoms, especially
when the exposure is above two days per month.

Resumo

Objetivo

Apesar do uso intensivo de pesticidas na agricultura, ainda s@o raros os estudos
sobre avaliacdo de riscos respiratorios devidos a esses produtos. O objetivo do
estudo foi dimensionar a prevaléncia de sintomas respiratorios entre agricultores e
avaliar suas relagBes com o uso ocupacional de agrotoxicos.
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Métodos

Foi desenvolvido um estudo transversal com 1.379 agricultores de dois municipios
da Serra Gaucha, Brasil, em 1996. Foram medidas a freqiiéncia e as formas de
exposi¢ao quimica aos agrotdxicos, além das intoxica¢des agudas para ambos 0s
sexo0s. Foram entrevistados todos os individuos com 15 anos de idade ou mais, com
no minimo 15 horas semanais de atividade. Para investigar os sintomas respiratorios,
foi usada uma adaptacdo do questionario da American Thoracic Society. A anélise
multivariada foi realizada por meio de regressao logistica.

Resultados

Dos agricultores entrevistados, 55% eram do sexo masculino. A prevaléncia de
sintomas de asma foi de 12% e 22% foram considerados como portadores de doenca
respiratdria crénica. As mulheres apresentaram os odds ratios mais elevados para
sintomas de asma (OR=1,51; IC 95%: 1,07-2,14) e para sintomas de doenca
respiratdria cronica (OR=1,34; 1C 95%: 1,00-1,81). A regressao logistica identificou
associacgdes entre varias formas de exposi¢ao aos agrotoxicos e aumento de sintomas
respiratérios. A ocorréncia de intoxicagfes por agrotéxicos mostrou-se associada
com maior prevaléncia de sintomas de asma (OR=1,54; IC 95%: 1,04-2,58) e de
doenca respiratéria crénica (OR=1,57; IC 95%: 1,08-2,28).

Conclusdes

Apesar das limitagdes de causalidade, os resultados evidenciaram que o trabalho
agricola envolvendo agrotdxicos esta associado com a elevagéo da prevaléncia de
sintomas respiratorios, especialmente quando a exposi¢ao é superior a dois dias

por més.

INTRODUCTION

Several studies'21°% have reported increased risk
of respiratory problems, such as asthma and chronic
bronchitis, among agricultural workers. Exposure to
pesticides has been associated with increased risk of
respiratory symptoms in agricultural activities.10%
Workers are usually exposed to a wide range of dif-
ferent chemical substances. Contact with these sub-
stances is not restricted to product application, but
also occurs during product preparation, helping with
hoses, washing contaminated clothes and dispens-
ing treatment to livestock.

In the United States, a study® in a large cohort of
approximately 20,000 pesticide applicators provided
evidence of the association between work with pesti-
cides and the occurrence of wheezing in the previous
year. A historical cohort conducted among Australian
agricultural workers? involved in the control of ticks
showed that occupational exposure to insecticides was
associated with greater asthma mortality rates and preva-
lence of atopic disease among survivors.

In a mountain region in Southern Brazil (Serra
Gaucha), it is estimated that 95% of farms use some
sort of pesticide and that at least three out of four agri-
cultural workers are regularly exposed to pesticides. It
is also estimated that only half of these workers use
protective masks (face-shields) while working with
these products.® Despite the large number of Brazilian

agricultural workers exposed to agrochemicals, no
population-based studies have been carried out to as-
sess the impact of chemical exposure on their respira-
tory health.

The objective of the present study was to verify the
prevalence of respiratory symptoms among farmers
and to evaluate its association with occupational
exposure to pesticides.

METHODS

A cross-sectional study including 1,379 agricultural
workers of Serra Galcha, Souhtern Brazil, was carried
out in 1996. All subjects aged 15 years or older with at
least 15 weekly hours of agricultural activity were in-
terviewed. This study is part of a larger project that
evaluated several aspects of the agricultural workers
exposures and health. The sampling process is pre-
sented in detail elsewhere.® Briefly, 20% of the rural
properties in the region were randomly selected based
on the official registry of agricultural producers in each
city. Fieldwork lasted five weeks and took place dur-
ing the 1996 summer harvest. The regions chosen are
characterized by the predominance of family farming,
small or average-sized properties, diversified agricul-
tural activities and fruit production.

All information was obtained by interviewing work-
ers at their place of work, using one questionnaire for
collecting data on the characteristics of the farm and
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a second one for data on each agricultural worker.
Socioeconomic and agricultural data were collected,
and properties were characterized according to area
(agriculture, cattle and total), type of agricultural pro-
duction (types of fruits, corn, beans, pumpkin, on-
ions, horticulture, and others), animal production
(number of birds, bovines, equines and others), and
level of mechanization (types of agricultural ma-
chines, vehicles for crop transportation, automobiles
and implements). Scores were established for the level
of mechanization and gross income yielded by the
agricultural production.®

The use of pesticides in the property was evaluated
based on the main chemical groups used:
organophosphates (fenthion, dimethoate, trichlorfon,
methyl parathion, and methamidophos), pyrethroids
(deltamethrin, cypermethrin), triazines (atrazine,
simazine), copper sulfate, dithiocarbamates (mancozeb,
maneb) alaninates, captan, dodine, benzimidazole,
glyphosate and paraquat. The insecticides were classi-
fied according to their use in cattle raising and agri-
cultural activities. Data on chemical fertilizer (almost
exclusively nitrogen-phosphate-potassium (NPK) for-
mulations) and industrial ration use (for bovines, swine
and poultry) were also collected. These chemical
groups were analyzed separately and grouped by class
and frequency of use. Data on chemical types were
obtained for the entire farm, and were estimated as col-
lective environmental exposure.

The individual questionnaire characterized workers
in terms of sociodemographic aspects (sex, age, school-
ing, marital status, ethnicity, labor relation, and smok-
ing). Smokers were divided into three categories (non-
smokers, former smokers and current smokers). The lev-
els of 12 types of organic and mineral dust were as-
sessed, based on the intensity perceived by the worker.
Indicators were constructed by grouping types of dust
with intense exposure for analysis as a confounder.

Self-reported individual exposure to pesticides was
evaluated by investigating different forms of contact
with chemicals (application, mixing, cleaning equip-
ment, helping with hoses, washing contaminated
clothes, transporting and loading pesticides, applying
treatment to animals, re-entering recently treated fields,
and working with pesticides in more than one prop-
erty). These exposures were classified according to days
per month of chemical contact. It was also considered
the duration of exposure (average daily hours of agri-
cultural and non-agricultural work, both during the
harvest and in the period between harvests; years of
exposure to chemicals; years living in the property).
Self-reported lifetime poisoning with pesticides was
considered as a marker of intense agrochemical expo-
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sure, enough to cause self-reported poisoning.?* The
use of protective masks specific for chemical products
was also investigated among exposed agricultural
workers. In the light of large number of exposures, it
was chosen to construct synthetic indicators for cer-
tain factors, e.g., the class of pesticide used (insecti-
cides, herbicides, and fungicides), major chemical
groups; forms of intense exposure to agrochemicals
(for exposures of more than two days per month); and
intense use of any type of chemical fertilizer.

Respiratory symptoms were characterized using an
adapted questionnaire developed by the American Tho-
racic Society/Division of Lung Disease (ATS/DLD).®
This version was used in chronic bronchitis prevalence
study in Pelotas, Southern Brazil.® Although this ver-
sion has not been validated in Brazil, this is an interna-
tionally recognized questionnaire, validated by epide-
miological studies in others countries.?

The criterion used for defining asthma symptoms
was reporting of having had two or more episodes of
wheezing with shortness of breath at any time in their
lifetime. Information on chronic bronchitis was based
on self-reported symptoms of cough and phlegm dur-
ing most days of the week, for three or more months
per year, and lasting at least two years. Chronic res-
piratory disease was defined as the presence of at
least one of the following symptoms: cough or
phlegm during most days of the week for three or
more months per year, recurrent wheezing (most days
and nights), or two or more episodes of wheezing with
shortness of breath.

Crude analyses evaluated associations through Chi-
square and linear trend tests. The employees showed
better socioeconomic conditions than farm owners,
considering that all agricultural and socioeconomic
indicators reflected the characteristics of the rural
property and the employees (7% of the sample) worked
in the richest farms. Therefore, the employees were
excluded from the analysis. Multivariate analysis was
performed through logistic regression based on a hi-
erarchical conceptual model using SPSS-10 software.
The variables included in the regression model were
classified into two levels:

1. Sociodemographic and agroeconomic factors:
sex, age, education, civil status, smoking, size of
agricultural area, level of mechanization, gross
income from agricultural production, production
of fruits, onions, flocks of horses and birds.

2. Factors related to the rural work process: forms of
pesticide exposure, pesticide poisoning, working
hours during harvest, use of industrial rations,
intense exposure to mineral and organic dust, and
years of chemical exposure.
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Table 1 - Frequencies of respiratory symptoms among farmers (N=1,379). Serra Galcha, Brazil, 1996.

Respiratory symptoms N (%)
Usually has cough 201(14.6)
Chronic cough* 88 (6.4)
Usually coughs when waking up 108 (7.8)
Usually produces phlegm 240 (17.4)
Chronic phlegm* 119 (8.6)
Usually produces phlegm when waking up 171(12.4)
Has chronic bronchitis** 42 (3.1)
Had disabling disease with phlegm in the last 3 years 145 (10.6)
Has had wheezing without cold 98 (7.1)
Has had wheezing most days or nights (recurrent) 95 (6.9)
Has had wheezing and shortness of breath 246 (17.9)
Asthma symptoms*** 168 (12.2)
Has used medication for wheezing with shortness of breath 152 (11.1)
Chronic respiratory disease symptoms**** 303 (22.0)
Has relatives with asthma 429 (31.3)
Has relatives with respiratory allergy 256 (18.8)

*Most days of the week, during three or more months per year

**Chronic cough and phlegm, both lasting for two years or more
***Has had two or more crises of wheezing with shortness of breath
****Chronic cough or chronic phlegm or recurrent wheezing or symptoms of asthma

Two outcomes were examined in the logistic re-
gression analysis: symptoms of asthma and chronic
respiratory illness. For chemical exposure variables,
the reference category in the regression analysis
was the non-exposed or little-exposed group. The
criterion for confounder inclusion was p-value up
to 0.20. The interaction of the different types of
exposure to agrochemicals and socioeconomic in-
dicators (level of mechanization, gross production
income, property size, and schooling) or smoking
was analyzed.

RESULTS

Of the eligible workers, 5% could not be interviewed,
totaling 1,379 farmers in 471 farms. Among the stud-
ied farmers, 55% were male, 93% were landowners
and 7% were either tenants or partners. Mean age was
42.0 years old (standard deviation (sd)=15.6) and
mean schooling was 4.8 years (sd=2.7). It was found

that 12% were current smokers and 12% were former
smokers (Kappa=0.89).

Of the interviewed farmers, 18% reported at least
one episode of wheezing with shortness of breath.
The cumulative prevalence of asthma symptoms was
12% and the prevalence of chronic respiratory dis-
ease was 22%. Table 1 shows the prevalence of major
respiratory symptoms.

The frequency of smoking and the main symptoms
among farmers aged 40 years or older (n=736) was
higher than the sample average. Among this age group,
18% were former smokers, 14% were current smok-
ers, 17% of subjects had asthma symptoms, 30% had
symptoms of chronic respiratory illness, 9% had
chronic cough, 13% had chronic phlegm, and 5%
had chronic bronchitis.

Table 2 presents the results of the multivariate

Table 2 - Association between sociodemographic factors and respiratory symptoms using logistic regression. Serra Gaucha,

Brazil, 1996.
Factors Symptoms of asthma Chronic respiratory disease
N Crude OR Adjusted OR Crude OR Adjusted OR
(95% ClI) (95% ClI) (95% ClI) (95% ClI)
Sex p=0.003 p=0.02 p=0.09 p=0.05
Male 764 1 1 1 1
Female 615 1.63 (1.18-2.26) 1.51(1.07-2.14) 1.25 (0.96-1.61) 1.34 (1.00-1.81)
Age p<0.001* p=0.003* P<0.001 p<0.001*
15-29 years 330 1 1 1 1
30-40 years 349 1.48 (0.83-2.62) 1.47 (0.73-2.98) 1.24 (0.80-1.94) 1.00 (0.59-1.67)
41-53 years 353 2.36 (1.38-4.04) 2.05 (0.99-4.22) 2.44 (1.62-3.68) 1.88 (1.11-3.17)
54+ years 347 3.47 (2.07-5.82) 2.95 (1.35-6.45) 3.98 (2.68-5.92) 3.33 (1.87-5.93)
Schooling p<0.001 p=0.04* p<0.001 p=0.06*
<1 year 115 1 1 1 1
2-4 years 545 0.65 (0.39-1.08) 0.76 (0.44-1.33) 0.64 (0.42-0.98) 0.87 (0.54-1.39)
5-7 years 500 0.42 (0.24-0.71) 0.61 (0.33-1.11) 0.41 (0.27-0.64) 0.74 (0.46-1.23)
8+ years 219 0.26 (0.13-0.52) 0.48 (0.21-1.05) 0.25 (0.15-0.44) 0.57 (0.30-1.10)
Smoking p=0.31 p=0.30 p=0.004 p=0.1
Never 1,042 1 1 1 1
Former 169 1.35 (0.85-2.15) 1.32 (0.79-2.21) 1.78 (1.24-2.56) 1.45 (0.96-2.19)
Smoker 168 1.30 (0.81-2.08) 1.43 (0.86-2.39) 1.38 (0.95-2.01) 1.33 (0.87-2.04)

*p-value, linear trend test
Odds ratio adjusted by: sex, age, schooling, marital status, smoking, area for agriculture, level of mechanization, gross

income, agricultural production, exposure to dust, years living in the farm, and poisoning by pesticides
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analysis of associations between sociodemographic
factors and respiratory symptoms. The prevalence of
these symptoms was found to be higher among women,
older subjects, and agricultural workers with low
schooling. No differences were observed with respect
to marital status or ethnicity. Smoking (analyzed in
three categories) was not significantly associated with
the outcomes (Table 2).

Among the farmers, almost 60% worked with pes-
ticides more than two days per month and 162 (12%)
reported pesticide poisoning during their lifetime.
Several forms of exposure to pesticides, including
the synthetic indicators of frequent exposure (group-
ing exposures greater than two days per month),
showed a positive linear association between fre-
quency of chemical exposure and respiratory symp-
toms (Table 3). Applying pesticides, helping with
hoses, cleaning equipment, and washing contami-
nated clothes roughly doubled the risk of having
asthma symptoms. As to symptoms of chronic respi-
ratory illness, a 70-90% increase in risk was observed
among subjects who worked in more than one farm,
prepared chemical mixtures, and washed contami-
nated clothes, when compared to those who did not
perform these activities. After grouping forms of ex-
posure which exceeded two days per month, it was

Pesticides and respiratory symptoms
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observed a linear increase in asthma symptoms along
with an increase in forms of exposure. Likewise, the
occurrence of pesticide poisoning (indicating in-
tense exposure) was associated with greater preva-
lence of both asthma and chronic respiratory dis-
ease symptoms.

None of the major classes of chemicals used were
associated with increased prevalence of the symp-
toms evaluated, neither when examined according to
specific chemical groups nor when pooled into classes
of agricultural usage (insecticides for livestock or
agriculture, fungicides, and herbicides). Associations
between the use of fertilizers in the farm and respira-
tory symptoms were also not found (Table 4).

The use of respirators against chemical products
showed no association with the prevalence of respi-
ratory symptoms. It was not observed interactions
between socioeconomic indicators or smoking and
the forms of exposure to pesticides.

DISCUSSION
The present study showed that the occupational

use of pesticides is associated with increased respira-
tory symptoms, especially those of asthma.

Table 3 - Association between main exposure to pesticides and respiratory symptoms using logistic regression. Serra Gaucha,

Brazil, 1996.
Forms of Symptoms of asthma Chronic respiratory disease
exposure N Crude OR Adjusted OR Crude OR Adjusted OR
(95% ClI) (95% ClI) (95% ClI) (95% ClI)

Work with pesticides p=0.27 p=0.09 p=0.12 p=0.03

Up to 1 farm 1,267 1 1 1 1

2 or + farms 68 1.45 (0.75-2.83) 1.84 (0.92-3.69) 1.54 (0.90-2.64) 1.92 (1.08-3.41)
Pesticide application p=0.72 p=0.02* p=0.65 p=0.48

No 413 1 1 1 1

Up to 2 days/month 484 0.85 (0.57-1.28) 1.59 (0.87-2.90) 0.86 (0.63-1.18)  0.87 (0.62-1.24)

>3 days/month 465 0.97 (0.65-1.44) 2.11 (1.14-3.92) 0.93 (0.68-1.27)  1.06 (0.75-1.52)
Mixing of pesticides p=0.17 p=0.13* p=0.03 p=0.02*

No 512 1 1 1 1

Up to 2 days/month 691 0.81 (0.57-1.16) 1.06 (0.71-1.57) 0.94 (0.71-1.24)  1.11 (0,80-1.53)

>2 days/month 159 1.27 (0.77-2.09) 1.67(0.96-2.90) 1.58 (1.06-2.36)  1.85 (1.18-2.91)
Pesticide spreading aid p=0.57 p=0.005* p=0.49 p=0.76

No 458 1 1 1 1

Up to 2 days/month 569 1.01 (0.69-1.49) 2.12 (1.19-3.75) 0.86 (0.64-1.16)  0.93 (0.68-1.28)

>2 days/month 334 1.23 (0.80-1.87) 2.54 (1.36-4.72) 1.02 (0.73-1.43)  1.05 (0.74-1.51)
Equipment cleaning p=0.41 p=0.02* p=0.31 p=0.25

No 495 1 1 1 1

Up to 2 days/month 670 0.85 (0.60-1.22) 1.52 (0.92-2.52) 0.88 (0.66-1.17)  1.07 (0.77-1.48)

>2 days/month 197 1.15 (0.71-1.85) 2.06 (1.13-3.77) 1.16 (0.79-1.71)  1.43 (0.93-2.22)
Washing of working clothes p=0.02 p=0.04* p=0.04 p=0.01*

No 802 1 1 1 1

Up to 2 days/month 425 1.63 (1.14-2.31) 1.82 (1.10-3.02) 1.22 (0.92-1.62) 1.21 (0.89-1.64)

>2 days/month 137 1.53 (0.91-2.60) 1.94 (0.96-3.92) 1.66 (1.10-2.49) 1.78 (1.15-2.75)
Forms of exposure** p=0.47 p=0.002* p=0.58 p=0.46

None/little 563 1 1 1 1

1 253 0.87 (0.54-1.41) 1.45 (0.80-2.61) 0.85 (0.59-1.22)  0.95 (0.64-1.41)

2 182 1.32 (0.82-2.15) 2.78 (1.52-5.05) 0.85 (0.56-1.28)  1.12 (0.72-1.77)

>2 381 1.16 (0.78-1.71) 2.13 (1.26-3.61) 1.06 (0.78-1.45)  1.28 (0.90-1.81)
Pesticide poisoning p=0.02 p=0.03 p=0.004 p=0.02

No 1,216 1 1 1 1

Yes 162 1.71 (1.10-2.65) 1.64 (1.04-2.58) 171 (1.19-245) 1.57 (1.08-2.28)

*p-value, linear trend test
**Exposure over 2 days per month

Odds ratio adjusted by sex, age, schooling, marital status, smoking, socioeconomic indicators, agricultural production,

exposure to dust, industrial rations, years of chemical exposure.
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The validity of this study is supported by a high
response rate (95%), a representative sample size, agile
fieldwork, trained interviewers, quality control, and
double data entry, among others.

In this region, biological markers were not avail-
able for several of the used pesticides. The estimate
pesticide exposure based just on worker perception
could present low accuracy or misclassification. So,
other analytical methods, such as biomarkers of in-
ternal dose, could improve the chemical exposure
accuracy. On the other hand, the information provided
by workers was advantageous, since it allowed to es-
timate several simultaneous exposures to airborne
substances, such as dusts and different types of chemi-
cal products. Besides, it makes possible to approach
the occurrence of poisonings.

The study cross-sectional design limits inferences
on the causality of the associations between occupa-
tional exposures and respiratory symptoms. As the
symptoms evaluated referred to a long period of time,
temporal ambiguity and/or recall biases may have
occurred underestimating the associations.

The prevalence of asthma symptoms found (12%)
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was strengthened by the fact that 11% of the agricul-
tural workers had already used medication during epi-
sodes of wheezing with shortness of breath. Despite
the variations in the criteria used to define asthma symp-
toms in other studies, there was a reasonable level of
consistency with results obtained in other countries:
New Zealand,®*'* USA™ (lowa and North Caroline),
Switzerland,” Sweden,'® Brazil® (Pelotas) and an
multicenter study® — European Community Respira-
tory Health Survey (ECRHS). There was a substantial
difference in the prevalence of respiratory symptoms
according to region. In the ECRHS,? the prevalence of
wheezing with shortness of breath varied from 3% to
16%. In Canada, using ECRHS methodology, was 10-
12% among men and 11-19% among women, depend-
ing on the site studied.™

The prevalence of symptoms of chronic respiratory
illness (22%) was consistent with Norway study,*® but
higher than the Lebanese study.® This could be ex-
plained by the younger age of the interviewees in the
Lebanese study. Another study compared the results
of two different databases using three criteria: the
prevalence of airways obstruction was 13% accord-
ing to the European criterion, 45% according to the
American criterion, and 23% according to clinical

Table 4 - Association between major chemical types used in the farms and respiratory symptoms using logistic regression.

Serra Galcha, Brazil, 1996.

Chemical types Symptoms of asthma Chronic respiratory disease
N Crude OR Adjusted OR Crude OR Adjusted OR
(95% ClI) (95% ClI) (95% ClI) (95% ClI)

Insecticides-agriculture p=0.10* p=0.78 p=0.13 p=0.43

None 417 1 1 1 1

One type 329 1.01 (0.66-1.54) 1.09 (0.70-1.70) 1,23 (0.88-1.73) 1.22 (0.84-1.76)

Two types 259 0.73 (0.44-1.19) 0.82 (0.49-1.38) 0.82 (0.56-1.22) 0.86 (0.56-1.31)

3 or + types 351 0.74 (0.47-1.15) 0,99 (0.62-1.59) 0.85 (0.60-1.21) 1.04 (0.71-1.52)
Fungicides p=0.001* p=0.26 p=0.003* p=0.06*

None 382 1 1 1 1

One type 186 0.71 (0.42-1.20) 0.74 (0.43-1.27) 1.08 (0.72-1.61) 1.04 (0.68-1.60)

Two types 280 0.81 (0.52-1.25) 0.92 (0.57-1.50) 0.93 (0.65-1.34) 1.00 (0.68-1.48)

3 or + types 518 0.49 (0.32-0.74) 0.65 (0.40-1.04) 0.62 (0.45-0.86) 0.71 (0.49-1.02)
Herbicides p=0.04* p=0.8 p=0.06* p=0.49

None 613 1 1 1 1

One type 504 0.71 (0.49-1.03) 0.95 (0.64-1.43) 0.72 (0.54-0.96) 0.83 (0.61-1.13)

Two or + types 258 0.65 (0.41-1.05) 0.87 (0.51-1.48) 0.77 (0.54-1.10) 0.88 (0.61-1.29)
Organophosphate p=0.06* p=0.70 p=0.10* p=0.78

None 282 1 1 1 1

1-3 types 637 0.76 (0.50-1.14) 0.86 (0.56-1.33) 0.90 (0.64-1.25) 0.89 (0.62-1.29)

4 or + types 440 0.64 (0.41-1.01) 0.82 (0.51-1.33) 0.74 (0.52-1.01) 0.87 (0.59-1.30)
Pyrethroids p=0.3 p=0.3 p=0.74 p=0.60

None 584 1 1 1 1

One type 516 0.76 (0.53-1.10) 0.76 (0.51-1.11) 0.90 (0.67-1.20) 0.89 (0.66-1.21)

Two or + types 263 0.79 (0.50-1.24) 0.89 (0.55-1.43) 0.92 (0.65-1.31) 1.07 (0.74-1.56)
Copper sulfate p=0.02 p=0.45 p=0.06* p=0.10*

None 476 1 1 1 1

Uses little 487 0.59 (0.40-0.88) 0.76 (0.50-1.16) 0.71 (0.52-0.96) 0.78 (0.56-1.08)

Uses much 403 0.68 (0.46-1.01) 0.86 (0.53-1.40) 0.75 (0.55-1.03) 0.76 (0.54-1.06)
Dithiocarbamates p=0.004* p=0.33 p=0.006* p=0.27

None 593 1 1 1 1

Uses little 360 0.80 (0.54-1.18) 0 .93 (0.61-1.42) 0.88 (0.64-1.19) 0.99 (0.71-1.38)

Uses much 416 0.54 (0.36-0.82) 0 .70 (0.44-1.12) 0.64 (0.47-0.88) 0.77 (0.54-1.08)
Glyphosate p=0.02 p=0.54 p=0.005* p=0.46

None 694 1 1 1 1

Uses little 335 0.72 (0.48-1.08) 0.92 (0.59-1.44) 0.72 (0.48-1.08) 0.85 (0.60-1.19)

Uses much 336 0.55 (0.35-0.85) 0.75 (0.45-1.25) 0.55 (0.35-0 .85) 0.82 (0.58-1.17)

*p-value, linear trend test

Odds ratio adjusted by: sex, age, schooling, marital status, smoking, socioeconomic indicators, agricultural production,

intense exposure to dust, industrial rations
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symptoms.? The latter result was in agreement with
the present study. However, the study acknowledged
a lack of standardization in the classification crite-
ria, which hampers epidemiological comparisons.

The prevalence of chronic phlegm (9%) was com-
pared to other studies: 11% in a study in Ohio, USA,?
11-17% among European farmers,"° and 4% in Cali-
fornia, USA.18

The results on the prevalence of chronic cough (6%)
and wheezing without cold (7%) were relatively simi-
lar to Ohio study? but lower than the Canadian study,
whose prevalence was 14% for morning cough and
27% for wheezing without cold.?

Different forms of occupational exposure to pesti-
cides showed a dose-response relationship with respi-
ratory symptoms, especially those of asthma. The pes-
ticide exposure, at a high enough concentration to
cause self-reported pesticide poisoning, was consid-
ered an indicator of intense exposure and showed a
clear association with symptoms of asthma and chronic
respiratory illness. These data are consistent with re-
sults found in other countries. In the Canadian study,?
pesticides were associated with physician-diagnosed
asthma. Among American pesticide applicators, it was
observed associations between several types of pesti-
cides and wheezing in the previous year.® Two studies
on family farming found results indicative of the respi-
ratory risk of pesticide use: in lowa, work involving
pesticides, showed a clear association with respiratory
symptoms.z In Ohio, rural work involving pesticides
was related to the increased chronic cough (p<0.10).2
In Lebanon, a study using similar criteria to those of
the present study, revealed an association between sev-
eral types of pesticide exposure — domestic, environ-
mental, and occupational (parents) — and respiratory
symptoms among rural students.?

The use of multivariate analysis based on a hierar-
chical model revealed the independent effects of sev-
eral agricultural activities. Grouping pesticide expo-
sure in different forms to what a subject is exposed to
showed that the group of farmers not exposed to pes-
ticides had a high prevalence of respiratory symp-
toms. On the other hand, in the group exposed to
pesticides, a gradual increase in risk was observed
with increasing exposure. This pattern may reflect
the “healthy worker effect”, by which healthier indi-
viduals are more likely to be involved in productive
activities. The healthy worker effect has been con-
firmed among pesticide applicators in lowa and North
Carolina, where subjects with more severe respira-
tory symptoms were excluded from agricultural work
or had their exposure to agents that can potentially
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worsen their symptoms restricted.® Therefore, the
magnitude of the respiratory risks of pesticides could
be reduced due to this effect.

Several studies have reported the risk to the respi-
ratory system posed by pesticides of specific chemi-
cal types. In the Agricultural Health Study,'® of 40
products tested, 11 types of compounds, mostly in-
secticides and herbicides, showed increased risk of
wheezing. Chemical groups associated with respira-
tory symptoms included organophosphates,
thiocarbamates, paraquat,’® and carbamates.?? Other
publications also indicate the risks associated with
other chemical groups such as fumigants, including
methyl bromides, pyrethroids and others.*? In the
present study, even though several products were
tested, alone and in groups, none of the chemical types
showed an association with increased respiratory
symptoms. However, data on chemical types were
collected for the farm as a whole. By individualizing
this information for each of the property’s workers,
chemical exposure was attributed to unexposed (or
little exposed) individuals, thus producing a meas-
urement bias directed towards the unit (null hypoth-
esis). Moreover, richer and more productive proper-
ties are those that employ agrochemicals the most. It
is possible that the control of the effect of socioeco-
nomic indicators was insufficient, and a residual con-
founder effect may remain.

In addiction, agricultural workers are generally ex-
posed to several products simultaneously. Therefore,
the unexposed group or with little exposure to a cer-
tain chemical type could potentially be in contact with
another type, reducing the difference between groups.
Another factor that may have influenced the estimated
exposure to pesticides is the lack of data on the non-
occupational forms of exposure to agrochemicals, es-
pecially domestic exposure, present in the majority of
households, which has already been associated with
respiratory symptoms in an earlier study.?

The higher prevalence of asthma among women, in
both crude and adjusted analysis, corroborates other
studies conducted using similar methodology.5** In
fact, women used lower protection during pesticide
exposure and had other risks such as house dust mite
or clean up products. Besides, it is possible that, in
addition to the exposure to household dust, the use
of domestic insecticides may also contribute to the
increased prevalence among women.

The finding that cumulative prevalence of asthma
symptoms increased with age does not agree with some
studies that found no differences in terms of age.”*%
One study* compared reported cases of wheezing with
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or without medical diagnosis of asthma, finding higher
frequency of symptoms and lower frequency of medi-
cal diagnosis among the >50 years age group. This
study also suggested a different pattern of asthma symp-
toms among older adults, in which wheezing without
evidence of atopy would predominate.

The present study showed that work with pesticides
is associated with an increased prevalence of respira-
tory symptoms, especially asthma. This risk was more
evident when occupational chemical exposure was
greater than two days per month. Nevertheless, due to
the limitations in terms of the definition of causality,
it is recommended that further studies be conducted
on the subject, including more detailed accounts of
the intensity of chemical exposure. It is identified
the need of future studies that would be able to docu-
ment the subject’s past pesticide exposure, detailing
the use of protective equipment, as well as concen-
tration and toxicological classification of the pesti-
cides used and non-occupational exposures.

Moreover, it is also necessary to consider that the
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