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Abstract

Objective: The objective of the study is to examine associations between use of specific 

pesticides and lifetime allergic rhinitis and current asthma in US primary farm operators.

Methods: The 2011 Farm and Ranch Safety Survey data from 11,210 primary farm operators 

were analyzed. Pesticide use on the farm was determined using an affirmative response to the 

question of whether the operator ever mixed, loaded, or applied pesticides on their farm in the 12 

months prior to the interview. Operators who answered “yes” were further asked about the specific 

trade name and formulation identifiers of the product they used and personal protective equipment 

(PPE) used. Data were weighted to produce national estimates. Adjusted prevalence odds ratios 

(PORs) were calculated using logistic regression. The referent group included operators who did 

not use any pesticides in the 12 months prior to the interview.

Results: Of an estimated 2.1 million farm operators, 40.0% used pesticides, 30.8% had lifetime 

allergic rhinitis, and 5.1% had current asthma. Insecticide and herbicide use were significantly 

associated with lifetime allergic rhinitis and current asthma. The use of 2,4-dichlorophenoxyacetic 

acid (POR = 1.5; 95% CI 1.2–1.9) and carbaryl (POR = 2.3; 1.4–3.7) was significantly associated 

with lifetime allergic rhinitis. Of operators using pesticides, 64.9% used PPE the last time they 

mixed, loaded, or applied pesticides.

Conclusions: Pesticide use was associated with lifetime allergic rhinitis and current asthma 

among farm operators. Further studies are needed to clarify the dose–response relationship 

between pesticide use and adverse respiratory health effects.
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Introduction

Pesticides are substances or mixtures of substances intended to control pests in the 

environment.1 Approximately 20,000 pesticide products, which include both active and inert 

ingredients, are marketed in the United States.2–4 Active ingredients are categorized as 

conventional (synthetic chemicals), biological (natural materials), and antimicrobial.3 Major 

pesticide classifications include herbicides, insecticides, fungicides, and fumigants.3 In 

2012, 1,006 million pound of conventional pesticides was used in the United States, and of 

those, 899 (89%) million pound was used in agriculture.5 Exposure to pesticides has been 

associated with adverse health effects such as respiratory failure, neurotoxicity, dermatitis, 

and cancer.1,6

Adverse respiratory health outcomes among pesticide users, including allergic rhinitis and 

asthma, have previously been described.7–18 In Greece, 51% of grape farmers who used 

pesticides reported allergic rhinitis (OR = 3.0).7 Among pesticide applicators in the 

Agricultural Health Study, 67–74% reported current rhinitis, and 2% reported adult-onset 

asthma.9,12,17 The authors found that specific pesticides used by pesticide applicators were 

significantly associated with current rhinitis and adult-onset asthma.8,9,12,17 For example, 

use of 2,4-dichlorophenoxyacetic acid (2,4-D) was associated with current rhinitis12 (OR = 

1.3) and adult-onset atopic asthma9 (OR = 1.6). Also, permethrin used on animals was 

significantly associated with an increased number of rhinitis episodes,17 and parathion use 

was associated with allergic asthma9 (OR = 2.1).

A recent review of studies concluded that occupational pesticide exposure in farmers was 

associated with respiratory health effects.11 Associations between pesticide exposures, such 

as organophosphates and carbamates, and chronic cough, wheeze, and asthma, as well as 

decreased respiratory function measured by spirometry tests, have also been found in studies 

of agricultural workers.11 One study in this review found that rhinitis was more frequent in 

greenhouse workers compared to office workers. Pesticide use was considered a potential 

exposure for these greenhouse workers, but it was not evaluated separately for an association 

with rhinitis.19

While pesticides are beneficial in protecting food supply and controlling disease vectors, 

respiratory health effects are not fully understood.6,7,11 The Agricultural Health Studies 

reported on the associations between pesticide use and respiratory health among US farmer 

and commercial licensed pesticide applicators and their spouses in two states. This study 

advances the previous research by examining the associations between specific pesticides 

and lifetime allergic rhinitis and current asthma among primary farm operators, regardless of 

their certification.
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Methods

Data source

In 2011, the National Institute for Occupational Safety and Health supported the Farm and 

Ranch Safety Survey to collect information on farm exposures, injuries, and health among 

primary farm operators in the United States (OMB No. 0535–0235). This telephone survey 

was conducted by the US Department of Agriculture’s National Agricultural Statistics 

Service (NASS). Of the 25,000 farm operations selected for the survey, 11,210 (44.8%) were 

active farms and agreed to participate. The remaining operations either refused to participate 

(5,103; 20.4%), were not actively farming (1,190; 4.8%), or could not be contacted (7,497; 

30.0%). Data were self-reported by the farm operator or the farm operator’s spouse. The 

adjusted survey response rate, excluding noncontacts, was 70.8%.

Definitions

Primary farm operators were those responsible for running the farm and making daily 

management decisions.20 Farm operators with lifetime allergic rhinitis were those who had 

ever been told by a doctor, nurse, or other health professional that they had hay fever, 

seasonal allergies, or allergic rhinitis. Farm operators with current asthma were those who 

had ever been told by a doctor, nurse, or other health professional that they had asthma and 

still had asthma at the time of the interview.

Pesticide use on the farm was determined using an affirmative response to the question, “In 

the past 12 months, have you/the farm operator ever mixed, loaded, or applied pesticides on 

your farm?” Operators who answered “yes” were further asked, “The last time you/the farm 

operator did this, what was the specific trade name of the product used including 

formulation identifiers.” Those who used pesticides were also asked whether they wore 

personal protective equipment (PPE) the last time they mixed, loaded, or applied pesticides 

on the farm. Operators were asked about the type of PPE worn (i.e., chemical-resistant boots 

or over boots, chemical-resistant gloves, protective eyewear or a face shield, a chemical-

resistant suit over clothing, a chemical-resistant apron, or a respirator).

The need for medical care because of a pesticide exposure was assessed using an affirmative 

response to the question, “In the past 12 months, have you/the farm operator become sick or 

had any reaction that led you/them to seek medical care because of pesticide exposure?” 

Information about specific adverse health effects or the pesticide used prior to the reaction 

was not collected.

Farms were classified based on the largest source of revenue for the farm. Livestock farms 

reported largest source of revenue from swine, dairy, beef cattle, sheep or goats, equine, 

poultry, aquaculture, and other animals. Crop farms reported largest source of revenue from 

grains, tobacco, cotton, vegetables, fruits or nuts, nursery or greenhouse, cutting Christmas 

trees, and other crops or hay.
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Pesticide use coding

Verbatim responses on the specific pesticide trade name and formulation identifiers were 

reviewed by two authors (O.P. and J.M.M.). Active ingredients in pesticide products were 

identified and assigned a code to be used for analyses. To identify and code active 

ingredients, the product research page from the National Pesticide Information Center 

(http://npic.orst.edu/NPRO/) was consulted. Guidelines from the US Environmental 

Protection Agency were used to classify specific pesticides as herbicides, insecticides, 

fungicides, fumigants, rodenticides, or other.21 The authors coded verbatim responses 

separately, compared results, and discussed and reconciled coding discrepancies. Pesticide 

use was coded as “unknown” when operators could recall neither the specific trade name nor 

the active ingredient, or the authors could not identify the reported pesticide because of 

insufficient information. Information on operators use of each specific pesticide in the 12 

months prior to the interview was categorized as “yes” (i.e., operator used this specific 

pesticide), “no” (i.e., operator used other pesticides), “unknown” (i.e., specific pesticide use 

was unknown), and “did not use any pesticides.”

Statistical analyses

NIOSH calculated survey weights using NASS stratification of farms within census regions 

and by farm value of sales to produce nationally representative estimates. Analyses were 

done using SAS version 9.4 (SAS Institute, Cary, NC) survey procedures. Proportions with 

corresponding 95% confidence intervals (CIs) were estimated. Estimates with a relative 

standard error ≥30% were excluded from further analysis.

Multivariable logistic regression models to examine the associations between specific 

pesticides and lifetime allergic rhinitis and current asthma in farm operators were developed. 

First, the Rao-Scott chi-square test of independence to separately examine associations 

between demographic, farm characteristic, and farm-related exposures with lifetime allergic 

rhinitis or current asthma was used; variables associated with lifetime allergic rhinitis or 

current asthma at P < .2 were selected for inclusion in two initial base models. Backward 

elimination was used to develop the two final base models that included variables 

significantly associated with lifetime allergic rhinitis or current asthma.22 Smoking and 

other exposures were evaluated for potential confounding and their inclusion in the models 

did not substantially change the effect estimates of interest. The final base model for lifetime 

allergic rhinitis included age group (16–39, 40–64, and 65–99 years), sex, farm value of 

sales (≤$9,999, $10,000–99,999, and ≥$100,000), and region (Midwest, North, South, and 

West). The final base model for current asthma included sex and region. Specific pesticides 

associated (P < .2) with lifetime allergic rhinitis or current asthma were added separately to 

each final base model. All tests were two-sided with P < .05 considered significant. The 

referent group included operators who did not use any pesticides in the 12 months prior to 

the interview.

The coefficient of variation (CV) was calculated for prevalence odds ratios (PORs) to 

evaluate reliability. Using the estimated POR and the CI, it was shown that CI = 

exp[ln(POR) ± 1.96 × SE(ln (POR))]; therefore, ln(CI) = ln(POR) ± 1.96 × SE (ln(POR)). 

SE(ln(POR)) was calculated using either the upper or lower bound of the CI. Computing the 
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SE(POR) was done using the Delta Method in which SE(POR) = SE(ln (POR)) × POR. The 

CV was calculated using the formula CV = [SE(POR)/POR] × 100.

A survey of respirator use and practices among private sector employers found differences in 

respirator use by establishment size, i.e., larger establishments (≥500 employees) had 

substantially higher rates of respirator use than smaller establishments (<20 employees).23 

To address potential differences in respirator use by farm size, we evaluated associations 

between specific pesticides and lifetime allergic rhinitis by farm size (≤100 and ≥101 acres). 

In addition, we evaluated the associations by farm type (crop and livestock). Similar 

analyses for associations with current asthma were not done because the numbers of 

operators with current asthma who used specific pesticides were small and related estimates 

were unreliable.

Results

Of an estimated 2.1 million farm operators, 40.0% mixed, loaded, or applied pesticides on 

their farm in the 12 months prior to the interview. An estimated .9% of farm operators who 

mixed, loaded, or applied pesticides became sick or had a reaction that led them to seek 

medical care because of pesticide exposure in the 12 months prior to the interview. The 

highest proportion of pesticide use was among operators who were aged 16–30 years 

(51.4%), male (42.5%), located in the West (45.7%), operated farms ≥1,000 acres (54.9%), 

had farm value of sales ≥$100,000 (54.5%), and had crop farms (43.0%) (Table 1). Most 

operators used pesticides outdoors (95.7% applied and 92.2% mixed or loaded pesticides).

Farm operators reported up to seven different pesticides that they used in the 12 months 

prior to the interview. Among operators using pesticides, 54.1% used one, 10.5% used two, 

and 4.3% used three or more pesticides. A total of 161 specific pesticides were identified. Of 

these, herbicides accounted for the largest class of pesticides (42.9%), followed by 

insecticides (28.6%) and fungicides (18.0%).

Farm operators most commonly used herbicides (58.8%), followed by insecticides (9.8%) 

and fungicides (2.4%). By specific pesticide, the most commonly used was glyphosate 

(41.7%), followed by 2,4-D (17.8%) and triclopyr (5.4%). Overall, 30.7% (35.5% in the 

South, 29.9% in the North, 27.8% in the Midwest, and 25.3% in the West) of operators using 

pesticides could recall neither the specific trade name nor the active ingredient.

An estimated 30.8% of operators had lifetime allergic rhinitis and 5.1% had current asthma. 

The prevalence of lifetime allergic rhinitis was 38.2% in the South, 29.0% in the West, 

25.2% in the North, and 24.1% in the Midwest; the prevalence of current asthma was 6.6% 

in the West, 5.4% in the North, 5.2% in the South, and 4.3% in the Midwest. By pesticide 

class, insecticide and herbicide use were significantly associated with lifetime allergic 

rhinitis and current asthma (Tables 2 and 3). By specific pesticide, 2,4-D and carbaryl were 

significantly associated with lifetime allergic rhinitis. Operators who could not recall the 

specific trade name nor the active ingredient of pesticides used had higher odds of having 

lifetime allergic rhinitis (POR = 1.5; 95% CI 1.2–1.8) or current asthma (POR = 1.6; 95% CI 
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1.1–2.3) compared with those who did not use any pesticides in the 12 months prior to the 

interview.

Among operators managing farms ≤100 acres, significant associations with lifetime allergic 

rhinitis were observed for herbicides and insecticides, and specifically for use of 2,4-D, 

carbaryl, and triclopyr (Table 4). Among operators managing farms ≥101 acres, only 

insecticide use was associated with lifetime allergic rhinitis; no specific pesticides were 

significantly associated with lifetime allergic rhinitis. Tests for the interaction of farm size 

with pesticide use were not statistically significant.

Among operators with livestock farms, significant associations with lifetime allergic rhinitis 

were observed for herbicides and insecticides, and specifically for use of 2,4-D (Table 5). 

Among operators with crop farms, lifetime allergic rhinitis was significantly associated with 

overall insecticide use, and with use of the permethrin. Tests for the interaction of farm size 

with pesticide use were not statistically significant.

Among operators who used pesticides, an estimated 64.9% used at least one form of PPE the 

last time they mixed, loaded, or applied pesticides: 55.5% used chemical-resistant gloves; 

27.9% used protective eyewear or face shield; 16.3% used chemical-resistant boots; 11.5% 

used a chemical-resistant suit; 10.3% used a respirator (5.7% used a filtering face piece/dust 

mask style respirator and 4.4% used a cartridge respirator); and 2.7% used a chemical-

resistant apron. Of operators who used pesticides and had lifetime allergic rhinitis, 9.9% 

used a respirator. A significantly higher proportion of pesticide using operators used 

respirators on crop than livestock farms (11.4% vs. 9.1%; P = .04) and operating farms ≤100 

acres than farms ≥101 acres (11.3% vs. 8.9%; P = .02). No significant association was 

observed between respirator use and lifetime allergic rhinitis; however, respirator use was 

significantly associated with farm size and farm type.

Discussion

Overall, 40% of farm operators mixed, loaded, or applied pesticides on farms in the 12 

months prior to the interview, similar to previous studies reporting pesticide use by 45–53% 

of farmers.24,25 More than half of operators reported using only one pesticide and herbicides 

were the predominant type of pesticide. Farm operators using herbicides or insecticides had 

a higher odds of having lifetime allergic rhinitis and current asthma compared with operators 

who did not use any pesticides in the past 12 months. The Agricultural Health Study of 

pesticide applicators and their spouses from Iowa and North Carolina found significant 

associations between adultonset allergic asthma and 2,4-D (OR = 1.5; 95% CI 1.1–2.1), 

glyphosate (OR = 1.3; 95% CI 1.0–1.7), carbaryl (OR = 1.4; 95% CI 1.1–1.8), permethrin 

(OR = 1.7; 95% CI 1.0–2.9), and malathion (OR = 1.6; 95% CI 1.2–2.1) among farm 

women.8 However, the authors found no association between these pesticides and adult-

onset asthma for male farmers.9 Among male and female pesticide applicators, wheeze was 

associated with the use of malathion (OR = 1.1; 95% CI 1.0–1.3).14

In the current study, glyphosate was the most commonly used pesticide. However, there was 

no significant association between glyphosate use and lifetime allergic rhinitis or current 
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asthma among farm operators. Previous findings among pesticide applicators have shown 

that glyphosate was associated with current rhinitis12 (OR = 1.3; 95% CI 1.1–1.6), adult-

onset atopic asthma in farm women8 (OR = 1.3; 95% CI 1.0–1.7), and allergic (OR = 1.6; 

95% CI 1.2–2.0) and non-allergic wheeze (OR = 1.2; 95% CI 1.1–1.4) among male farmers.
10 The differences in finding between this study and the Agricultural Health Study might be 

explained, in part, by the differences in methodologies. Although this study and the 

Agricultural Health Study relied on self-reported exposures and health outcome, the 

Agricultural Health Study devoted many more questions to pesticide use, which may have 

yielded a more robust assessment of pesticide exposure.

The second most commonly used pesticide by operators was 2,4-D. Farm operators who 

used 2,4-D had a higher odds of having lifetime allergic rhinitis compared to operators who 

did not use any pesticides. Similar results were found among pesticide applicators for an 

association between 2,4-D use and current rhinitis12 (OR = 1.3; 95% CI 1.1–1.6), adult-

onset atopic asthma in farm women8 (OR = 1.5; 95% CI 1.1–2.1), and allergic wheeze (OR 

= 1.5; 95% CI 1.2–1.8) among male farmers.10

In this study, farm operators who used carbamates (carbaryl) or pyrethroids (permethrin) had 

a higher odds of lifetime allergic rhinitis.1,6,26 In previous studies, carbamate use was 

associated with allergic rhinitis (OR = 3.0; 95% CI 1.4–6.5) among Greek farmers, and 

allergic asthma (OR = 1.5; 95% CI 1.1–1.9) and farmers lung (OR = 1.3; 95% CI 1.0–1.7) 

among US farmers.7,8,13 Among US pesticide applicators, the use of carbaryl was associated 

with allergic wheeze (OR = 1.7; 95% CI 1.3–2.2), and permethrin use was associated with 

allergic wheeze (OR = 1.4; 95% CI 1.1–1.8) and non-allergic wheeze (OR = 1.4; 95% CI 

1.2–1.6) among male farmers.10 When permethrin used for crops and animals was evaluated 

separately, permethrin used on animals was associated with wheeze (OR = 1.3; 95% CI 1.1–

1.6) among farmers15 and an increased number of rhinitis episodes among private pesticide 

applicators.17

A third of operators could recall neither the specific pesticide trade name nor the active 

ingredient. These operators were found to have higher odds of having lifetime allergic 

rhinitis or current asthma compared with those who did not use any pesticides. These 

findings underscore the need for increased awareness of pesticides used on the farms and 

associated health risks.

Farm operators on smaller farms who used certain pesticides had higher odds of lifetime 

allergic rhinitis compared with operators on larger farms. The attenuation of results among 

operators on larger farms may be explained, in part, by differences in roles of primary farm 

operators on larger versus smaller farms. An Australian study on farm safety practices by 

farm size found that smaller farms were less likely to own safety equipment than larger 

farms.27 Also, farm operators with livestock farms had a higher odds of lifetime allergic 

rhinitis for most pesticides compared to operators on livestock farms who did not use any 

pesticides. A past study in US farmers suggested that livestock farmers may be exposed to 

more agricultural chemicals than crop farmers.28 Further research is needed to identify 

whether pesticide handling knowledge and practices among operators differ by farm size and 

type.
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In this study, over 60% of operators used some type of PPE when they mixed, loaded, or 

applied pesticides on the farm, and 10% wore a respirator. Previous research on private 

sector employees, including those in mining, construction, and agriculture, has shown that 

larger establishments were associated with higher respirator use compared to smaller 

establishments.23 A greater proportion of operators in the current study used respirators on 

smaller farms and crop farms compared to operators on larger farms and livestock farms, 

respectively. This may be explained by use of enclosed cabs by operators on larger farms, 

which would eliminate need for respirators when applying pesticides. Differences in 

respirator use by region may be explained by farm type, farm size, and regional variations in 

pesticide training and pesticides used on the farm.25,28,29

The Farm and Ranch Safety Survey is the largest national survey of agricultural pesticide 

use that collected detailed information on pesticide and PPE use on the farm. However, these 

data have some limitations. The estimates were based on self-reported data from a cross-

sectional survey; diagnoses of allergic rhinitis or asthma could not be validated and 

temporality could not be established. Some operators might have developed allergic rhinitis 

or asthma in the past, prior to their use of pesticides, or past pesticide exposure may have 

contributed to allergic rhinitis or asthma. Associations between pesticide use and respiratory 

health effects among operators may be influenced by exposures early in life (i.e., the hygiene 

hypothesis); however, no information was available on childhood exposures.30,31 In addition, 

while previous research has found different associations between males and females, most 

associations between pesticides and rhinitis or asthma, overall and by gender, could not be 

evaluated because of small sample sizes resulting in unstable estimates. Also, information on 

the proxy responses was not available; thus, it was not possible to assess potential bias. 

Studies have shown that proxy and selfreported responses may differ and potentially affect 

the direction of associations.32,33 Moreover, no data on frequency of pesticide use or past 

pesticide use were collected, and we were unable to account for multiple pesticide exposures 

and inert ingredients found in pesticide products. Results of additional analyses (results not 

shown) of associations between health outcomes and specific pesticide exposures for 

operators who reported using only one specific pesticide (i.e., only 2,4-D) were similar, with 

wider CIs of point estimates for health outcomes due to smaller sample sizes. Finally, the 

healthy worker effect could result in lack of observed associations.34–36

Up-to-date training, education, and safe pesticide handling is critical to prevent pesticide-

related illnesses. This includes compliance with instructions on pesticide product labels for 

recommended PPE. Research should examine the association between pesticide use and 

respiratory health effects by farm type, and whether pesticide handling knowledge and 

practices, and PPE use among operators differs on smaller versus larger farms. In addition, 

future studies should conduct cumulative risk assessments of agricultural pesticide 

exposures because pesticide exposure typically occurs in mixtures with other pesticides.37

Conclusion

This study adds to the limited knowledge on pesticide use and its association with 

respiratory diseases among primary farm operators. To inform prevention, further studies are 

Patel et al. Page 8

J Agromedicine. Author manuscript; available in PMC 2018 October 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



needed to clarify temporality and the dose (frequency and duration of exposure)–response 

relationship between pesticide use and respiratory health.
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Table 2.

Adjusted PORs for lifetime allergic rhinitis among pesticide users versus non-users
a
.

Pesticide POR (95% CI) P value

Pesticide use 1.4 (1.2, 1.6) <001

Herbicides 1.3 (1.1, 1.5) .001

    Phenoxy
b 1.5 (1.2, 1.9) <.001

    2,4-D 1.5 (1.2, 1.9) <.001

    Glyphosate 1.1 (1.0, 1.3) .13

    Pyridines
c 1.4 (1.1, 2.0) .03

    Triclopyr 1.4 (1.0, 2.1) .08

    Aminopyralid .9 (.5, 1.9) .86

    2,4-D and glyphosate 1.3 (.9, 1.8) .19

    2,4-D and triclopyr 1.3 (.8, 2.1) .27

Insecticides 2.1 (1.6, 2.7) <.001

    Carbamates
d 2.3 (1.4, 3.7) <.001

    Carbaryl 2.3 (1.4, 3.7) <.001

    Pyrethroids
e 2.4 (1.5, 3.9) <.001

    Organophosphates
f 1.3 (.7, 2.5) .34

Adjusted for age, sex, value of sales, region. Boldface indicates P < .05.

a
Operators who mixed, loaded, or applied pesticides in the 12 months prior to the interview versus operators who did not.

b
Phenoxy herbicides include 2,4-D, 2,4,5-T, MCPA, MCPP, and fenoxaprop.

c
Pyridine herbicides include aminocyclopyrachlor, aminopyralid, clopyralid, picloram, fluroxypyr, pyroxsulam, and triclopyr.

d
Carbamate insecticides include carbaryl, thiodicarb, and fenoxy.

e
Pyrethroid insecticides include permethrin, cyfluthrin, bifenthrin, cypermethrin, tefluthrin, lambacyahalothrin, and tau-fluvalinate.

f
Organophosphate insecticides include chlorpyrifos, diazinon, dichlorvos, malathion, endosulfan, dimethoate, and acephate.
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Table 3.

Adjusted PORs for current asthma among pesticide users versus non-users
a
.

Pesticide POR (95% CI) P value

Any pesticide use 1.5 (1.1, 1.8) .003

Herbicides 1.3 (1.0, 1.8) .04

    Phenoxy 1.4 (.9, 2.2) .17

    2,4-D 1.3 (.8, 2.1) .24

    Glyphosate 1.3 (.97, 1.8) .08

Insecticides 2.0 (1.2, 3.3) .009

Adjusted for sex and region. Boldface indicates P < .05.

a
Operators who mixed, loaded, or applied pesticides in the 12 months prior to the interview versus operators who did not.
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Table 4.

Adjusted PORs for lifetime allergic rhinitis among pesticide users versus non-users
a
, by farm size.

≤100 acres ≥101 acres

Pesticide POR (95% CI) POR (95% CI)

Herbicides 1.4 (1.1, 1.7) 1.2 (.9, 1.4)

    Phenoxy 1.6 (1.2, 2.2) 1.3 (1.0, 1.7)

    2,4-D 1.6 (1.2, 2.2) 1.3 (1.0, 1.8)

    Glyphosate 1.2 (1.0, 1.5) 1.0 (.8, 1.3)

    Pyridines 1.8 (1.1, 2.9) 1.0 (.7, 1.6)

    Triclopyr 1.8 (1.1, 3.1) 1.0 (.6, 1.7)

    2,4-D and glyphosate 1.2 (.7, 2.0) 1.3 (.8, 2.1)

Insecticides 2.3 (1.6, 3.3) 1.7 (1.1, 2.5)

    Carbamates 2.3 (1.3, 4.1)
—

b

    Carbaryl 2.4 (1.3, 4.2) —

    Pyrethroids — 1.7 (.9, 3.0)

Adjusted for age, sex, value of sales, region. Boldface indicates P < .05.

a
Operators who mixed, loaded, or applied pesticides in the 12 months prior to the interview versus operators who did not.

b
Estimate unreliable.
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Table 5.

Adjusted PORs for lifetime allergic rhinitis among pesticide users versus non-users
a
, by farm type.

Livestock Crop

Pesticide POR (95% CI) POR (95% CI)

Herbicides 1.4 (1.1, 1.7) 1.2 (.9, 1.4)

    Phenoxy 1.3 (1.0, 1.8) 1.7 (1.2, 2.4)

    2,4-D 1.3 (1.0, 1.8)
—

b

    Glyphosate 1.2 (1.0, 1.5) 1.1 (.9, 1.3)

    Pyridines 1.6 (1.1, 2.3) 1.2 (.7, 2.0)

    Triclopyr 1.5 (.9, 2.4) —

    2,4-D and glyphosate .9 (.5, 1.6) 1.7 (1.1, 2.8)

    2,4-D and triclopyr 1.3 (.7, 2.4) 1.3 (.6, 2.9)

Insecticides 2.8 (1.8, 4.3) 1.7 (1.2, 2.5)

    Carbamates — 1.7 (.9, 3.1)

    Carbaryl — 1.6 (.9, 3.1)

    Pyrethroids — 2.6 (1.5, 4.6)

Adjusted for age, sex, value of sales, region.

Boldface indicates P < .05.

a
Operators who mixed, loaded, or applied pesticides in the 12 months prior to the interview versus operators who did not.

b
Estimate unreliable.
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