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Short Report

Pesticide Use and Pesticide-Related Symptoms
Among Black Farmers in the Agricultural
Health Study

Stephen A. Martin, Jr, php,'? Dale P. Sandler, php,'* Sioban D. Harlow, php,?
David L. Shore, php,> Andrew S. Rowland, rhp,! and Michael C.R. Alavanja, preu?

Background Health effects of pesticides have not been well studied in black farmers. We
describe agricultural practices and pesticide-related symptoms in North Carolina black
and white farmers participating in the Agricultural Health Study.

Methods Self-administered questionnaires were completed by 891 black and 11,909
white farmers licensed to apply restricted pesticides. Regression models were used to
compare characteristics by race.

Results Black farmers reported lower lifetime pesticide use, less use of each class of
pesticides (e.g., herbicides, insecticides), less use of high exposure application methods,
and fewer pesticide-related symptoms such as headaches or dizziness, skin irritation,
chest discomfort and feeling nervous or depressed than did white farmers.
Conclusions Differences between black and white farmers may be explained by farm
characteristics or economics. Despite lower use of pesticides, black farmers may have
other work practices that affect exposure and risk. Am. J. Ind. Med. 41:202-209, 2002.
Published 2002 Wiley-Liss, Inc'

KEY WORDS: African Americans; farmers; pesticides; exposure; health; occupa-

tional disease

"National Institute of Environmental Health Sciences, NIH, Epidemiology Branch, Research
Triangle Park, North Carolina

2University of Michigan School of Public Health, Department of Epidemiology, Ann Arbor,
Michigan

®\Westat, Inc., Durham, North Carolina

“National Cancer Institute, NIH, Division of Cancer Epidemiology and Genetics, Rockville,
Maryland

This work was performed at National Institute of Environmental Health Sciences.

Contract grant sponsor: NCI, NIH; Contract grant sponsor: NIEHS, NIH.

*Correspondence to: Dale P. Sandler, Epidemiology Branch, National Institute of Environ-
mental Health Sciences, P0. Box 12233, MD A3-05, Research Triangle Park, NC 27709.
E-mail: sandler @ niehs.nih.gov

Accepted 6 November 2001
Published 2002 Wiley-Liss, Inc.
"This article is a US Government work and, as such, isin
the public domain in the United States of America.
DOI1101002/ajim10046

INTRODUCTION

Exposure to pesticides has increased due to widespread
application in agricultural and environmental pest control
[Fleming et al., 1999]. Farmers have numerous opportu-
nities for exposure to pesticides, including during planting
and cultivation of crops, pesticide application to crops,
livestock, and storage areas, mixing and preparing pesti-
cides for application, and loading and cleaning application
equipment [Perry and Layde, 1998]. Farmers may be at
greater risk for pesticide exposure if they incorrectly handle,



store, or dispose of pesticides or if they do not wear personal
protective gear [Winstead, 1993]. Farmers may therefore be
at higher risk for acute and chronic health effects associated
with pesticides.

The characteristics of pesticide use and its impact on
acute and chronic health effects among white farmers are
either well documented or currently being studied [Blair and
Zahm 1993; Perry and Layde 1998; Fleming et al., 1999].
However, little or no data are available on black farmers due to
their small numbers [Delzell and Grufferman, 1985; Win-
stead, 1993; Arcury, 1997]. This paper describes the pesticide
use profile and occurrence of pesticide-related health symp-
toms among black farmers as compared to white farmers who
are part of a large cohort of licensed pesticide applicators.

MATERIALS AND METHODS

The Agricultural Health Study (AHS), a prospective
study of licensed pesticide applicators from Iowa and North
Carolina, is a collaborative effort involving the National
Cancer Institute, the National Institute of Environmental
Health Sciences, and the US Environmental Protection
Agency (EPA). A detailed description of the study methods
has been published [Alavanja et al., 1996]. Briefly, partici-
pants were identified during certification classes for pesti-
cide licensing. A self-completed enrollment questionnaire
collected information on demographic characteristics, life-
style activities, exposure to 50 pesticides, methods and types
of pesticide use, farm characteristics, use of protective gear,
and limited data about health symptoms and medical care
related to pesticide use.

Between 1994 and 1997, 24,878 private applicators
attended certification classes for restricted pesticide
licensing in North Carolina (NC) and approximately 83%
(n=20,528) enrolled in the AHS. According to the 1997
Census of Agriculture, there were 49,406 farmers in NC.
Licensed private applicators (who are licensed on a 3-year
cycle) represent 42% of this total.

For this analysis, data on Iowa farmers were not in-
cluded due to the very small number of black farmers in that
state. AHS private applicators also were excluded if their
gender was female (917) or not given (1) or if self-defined
race was missing or not either black or white (1,950).
Whites of Hispanic origin (168) also were excluded. Private
applicators who lived in the mountain region (western part)
of NC were excluded from the analysis because of the small
number of enrolled black applicators from that region;
23 blacks and 4,137 whites were excluded. Applicators
were also excluded if region of residence was not known
(13 blacks and 94 whites), if information on ever mixing or
applying pesticides was missing (44 blacks and 85 whites), if
the licensee reported never mixing or applying pesticides (31
blacks and 71 whites), and if the applicator did not report
engaging in farm work (13 blacks and 181 whites). Thus,
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62.4% of the NC private applicators enrolled in the AHS
were included in this analysis; 891 blacks and 11,909 whites.

Exposure Measures

Cumulative pesticide exposure for a farmer in pesti-
cide-days was estimated by multiplying the average number
of days per year by the average number of years of pesticide
use. Pesticide application methods that could result in a high
level of direct exposure to the farmer (airblast, hand-spray
gun, backpack sprayer, mist blower/fogger, powder duster,
pouring fumigant, dipping animals in pesticides, spraying
animals, or pouring pesticides on animals) were defined as
high exposure methods. Other direct and indirect measures
of exposure included type of pesticide used (grouped by
class of pesticide such as herbicides or insecticides, or
individually), the percent of time required pesticides were
personally mixed or applied by the participant, use of
protective gear, and application method.

Health Measures

Health effects reported here are based on the responses
to two sets of questions on the enrollment questionnaire.
The first asked, “How often, if ever, have you had the
following symptoms that you think may be related to your
using pesticides?”” Seven symptoms were listed and respon-
dents could answer ‘“never or rarely,” ‘‘sometimes,” or
“frequently/almost always.” Respondents also were asked,
“As a result of using pesticides, how often have you seen a
doctor [....been hospitalized]?”” Response categories were
never, once, twice, or three or more times.

Analysis

Racial differences were investigated by comparing
adjusted means calculated using linear regression. To improve
normality, cumulative pesticide-days, and number of pesti-
cides used were log transformed. For categorical variables,
racial differences were investigated by calculating crude and
adjusted odds ratios (OR) using logistic regression. One set of
models was used for comparing demographic characteristics,
lifestyle activities, farming characteristics, application
method, and protective gear use. Covariates considered were
age, region (Piedmont, Coastal), and education (< high
school, high school graduate, > high school). Logistic models
were used for pesticide exposure characteristics, health
symptoms, and medical attention sought related to pesticide
use with the covariates listed above and with the additional
covariates cumulative pesticide-days and smoking.

RESULTS

Although the mean ages of black and white farmers
were similar (48.9 years vs. 48.0 years after adjusting for
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TABLE 1. Demographic and Lifestyle Characteristics of Black and White Male Farmers Participating in the

Agricultural Health Study, North Carolina, 1994—1997

Black (n = 891)

White (n =11,909)

percentage yes percentage yes OR 95% Cl

Region®

Piedmont 191 359 100 Referent

Coastal 809 64.1 242 2.04-2.88
Age at enrollment®

<35 16.7 18.5 100 Referent

35-54 494 473 124 1.02—-151

55-74 296 319 112 091-138

>75 43 2.3 2.39 163-3.49
Educational level®

< Highschool 412 144 100 Referent

High school 35.2 461 0.26 0.22-0.31

> High school 236 39.5 0.20 0.17-0.24
History of cigarette smoking® 58.5 596 0.79 068-093
Cigarettes per day

(formerand current smokers)®

<10 414 212 100 Referent

11-20 458 382 0.58 046-0.73

> 20 12.8 406 0.15 0.11-0.21

Adjusted for age or region.

PAdjusted for age and region.

“Lifestyle characteristics adjusted for age, region, and education.
OR, odds ratio (Black vs.White); Cl, confidence interval.

region of residence), twice as many blacks as whites were
over age 75 at enrollment (Table I). Black farmers were less
well educated. After adjusting for age, region, and educa-
tion, blacks were less likely to report a history of cigarette
smoking (OR =0.79, CI=0.68-0.93) or to smoke heavily.
Smoking is more prevalent in Coastal North Carolina. After
stratifying by region, differences in smoking remained. The
adjusted OR was 0.82 in the Coastal region and 0.72 in the
Piedmont.

The percentage of black and white farmers who raised
any farm animals or produced any crops in the last year did
not differ (Table II). White farmers, however, reported
raising significantly more livestock, planting more acres,
and cultivating more grain, hay and soybeans than did black
farmers. Black farmers produced significantly more peanuts
and potatoes than did white farmers.

At every age, black farmers reported less lifetime
pesticide use than did white farmers (Fig. 1). The mean
cumulative number of pesticide-days and standard deviation
(SD) was 389.8 4= 656.6 for black farmers as compared with
623.5£962.9 for white farmers (F=160, P <0.001 after
adjusting for age, region, and education).

Total number of years of farming was not reported on
the enrollment questionnaire. Therefore, in order to deter-
mine if the difference between blacks and whites in years of

pesticide exposure was due to fewer years of farming, a
subset analysis was conducted among the 40% of farmers
with data from a more detailed take-home questionnaire.
Black farmers reported fewer years of farming than did
whites but this did not entirely explain their lower cumu-
lative pesticide exposure (Table III).

Black farmers reported less use of each class of
pesticides than did white farmers (Table IV), with blacks
reporting past use of an average of 8 (SD = =+ 6.8) different
pesticides as compared to 14 (SD = + 8.0) for white farmers
(F=355, P<0.001 after adjusting for age, region, educa-
tion, and pesticide-days). Black farmers more often reported
that when pesticides were needed, they personally did
the mixing or applying less than half the time. Furthermore,
black farmers were less likely to report using high ex-
posure application methods. Although black farmers were
more likely to report using some forms of protective gear,
they were less likely to report using chemically resistant
gloves (OR 0.55, CI =0.45-0.66) (Table IV).

Black farmers less often reported six of seven health
symptoms potentially attributed to pesticide use (Table V).
Most farmers (92%) had not sought medical care as a result
of using pesticides; the difference between blacks and
whites was negligible. With only one exception, the odds
ratios for health symptoms and seeking medical attention for
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TABLE Il. Farm Characteristics in the Year Prior to Enroliment of Black and White Male Farmers Participating in the

Agricultural Health Study, North Carolina, 1994—1997

Black (n = 891)

White (n =11,909)

percentage yes percentage yes OR" 95%CI
Livestock or poultry raised in the last year
Raised any livestock or poultry in 9.5 10.7 098 0.75—-1.29
the last year
Fifty or more poultry at one time 86 9.0 090 066—-1.23
the last year®
Fifty or more livestock at one time 154 253 0.60 047-0.76
inthe last year®
Crops produced in the last year
Produced any cropsinthelast year 814 813 0.84 0.67-1.04
Grain 221 36.8 0.50 0.41-061
Hay 06 37 0.25 0.08-0.78
Orchard fruit (apples and peaches) 10 13 0.86 0.37-199
Other fruit 19 19 108 059-197
Vegetables 16.7 13.8 121 097-1.51
Cotton 22.3 19.3 099 0.81-1.21
Christmas trees 09 09 127 0.54-295
Peanuts 336 16.7 200 167-2.41
Tobacco 50.3 505 090 0.76—1.05
Soybeans 624 609 0.80 0.67-0.95
Potatoes 7.7 45 148 106-2.05
Fifty or more acres planted in the 634 722 0.55 0.46—0.66
last year

2Among those who raised livestock or poultry.
PAdjusted for age, region, and education.
OR, odds ratio (Black vs.White); Cl, confidence interval.

pesticide exposure related symptoms were not altered by
adjusting for cumulative pesticide-days (data not shown).
After adjustment, there was no longer a difference between
blacks and whites in the percentage who reported eye
irritation (OR = 0.98, C1=0.77-1.23).

DISCUSSION

Black farmers tended to use fewer types of pesticides
and use them less frequently than their white counterparts.
Blacks also reported fewer pesticide-related health symp-
toms than did whites, but this was not explained by their
fewer cumulative days of pesticide exposure. Since appli-
cators were asked how often they had specific health
symptoms that they thought might be related to their use of
pesticides, responses may have been influenced by their
perception of whether these symptoms were the result of
pesticide exposure. It is conceivable that, after taking into
account days of pesticide use, blacks experienced as many
symptoms as whites, but were less likely to attribute these to

their use of pesticides. This would be consistent with the
fact that there was no difference in seeking medical attention
as a result of pesticide exposure.

AHS farmers are younger than the general population
of all NC farmers and a greater proportion (84%) had at least
a high school education [US Department of Commerce,
Bureau of the Census, 1998, 1999]. These differences likely
reflect the fact that the cohort was limited to the subset of
farmers who obtain a license for use of restricted pesticides.

The greater variety and amount of pesticide exposure
reported by white farmers in NC than by black farmers may
reflect differences in farm size, farm type, years of farming,
and operational needs. Previous studies suggest that farmers
base decisions regarding pesticide use on operational needs
[Blair and Zahm 1993], thus they may not use pesticides in
all years of farming. This may be more likely to be the case
for black farmers or those with smaller operations who may
tend to have more variety in crops raised over the years. The
difference in pesticide exposure also may be explained by
economics.
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FIGURE 1. Average cumulative pesticide exposure and standard deviation by age of black and white male farmers participating in the
agricultural health study, North Carolina, 1994—1997.

TABLE Ill. FarmYears and Cumulative Pesticide Exposure of Black and White Male Farmers Who Completed the
Take-Home Applicator Questionnaire of the Agricultural Health Study, North Carolina, 1994—1997

Black (n = 268) White (n = 4,751)

percentage yes percentage yes OR 95% CI

Years lived or worked on a farm?

< 10vyears 6.6 56 100 Referent

11-20years 14.7 8.7 143 0.76—2.69

20—30 years 19.7 144 1.06 058—-194

>30years 591 713 062 0.36—1.07
Cumulative pesticide exposure (pes’(icide-days)b

<150 483 336 100 Referent

150—-499 313 343 0.70 049-099

500-1,499 16.4 24.3 047 0.30-0.75

>1,500 40 78 0.36 0.17-0.77

2Adjusted for age, region, and education.
bAdjusted for age, region, education, and farm years.
OR, odds ratio (Black vs.White); Cl, confidence interval.




Pesticide Use and Symptoms in Black Farmers

207

TABLE IV. Pesticide Exposure Characteristics of Black and White Male Farmers Participating in the Agricultural

Health Study, North Carolina, 1994—1997

Black (n = 891)

White (n =11,909)

percentage yes percentage yes OR? 95% Cl

Class of pesticide used

Herbicides 771 887 049 0.38-0.61

Insecticides 584 85.7 0.28 0.23-0.34

Fumigants 26 9.8 040 0.26—0.62

Fungicides 233 326 0.82 0.68—-099
Percent of time personally mix pesticides

> 50% 530 747 100 Referent

< 50% 470 253 215 181-2.52
Percent of time personally apply pesticides

> 50% 577 773 1.00 Referent

< 50% 423 22.7 212 178-2.55
Application method

No high exposure method 414 15.3 1.00 Referent

High exposure method 58.6 84.7 0.31 0.26—0.38
Types of protective gear generally used

Ever used protective gear 89.8 82.3 217 162-2.90

Cartridge respirator or gas mask 176 207 109 0.86-1.37

Face shields or goggles 540 485 148 123-178

Disposable outer clothing 10.8 1.2 113 0.85—1.50

Fabric/leather gloves 372 286 148 1.22—-179

Chemically resistant gloves 433 63.5 0.55 0.45-0.66

Other protective clothing 316 36.7 092 0.76-112

Adjusted for age, region, education, and pesticide-days.
OR, odds ratio (Black vs.White); Cl, confidence interval.

Overall, the majority of NC AHS farmers reported ever
using some type of protective gear. Because the ques-
tionnaires were completed during licensing classes, use of
protective equipment may have been over-reported. Some
farmers may have mistakenly feared, for example, that not
reporting good handling practices might jeopardize their
license. Differences in self-reported use of protective gear
also may reflect differences in the accuracy of the self-
reports by blacks and whites. Black applicators had fewer
years of education, which may have contributed to dif-
ficulties in completing the questionnaire. Adjusting for
education did not affect results. On the other hand, if as
reported by the field teams, blacks were more likely to rely
on help from the Agricultural Extension Agents, they may
be more likely to use recommended pesticide handling
practices. Furthermore, these differences could also reflect
their more recent entry into farming.

Although black farmers reported more use of protective
gear, some of their protective practices are not thought to
be especially effective. Use of fabric or leather gloves, for
example, may actually increase pesticide exposure if gloves
become saturated with pesticides. Blacks were less likely to
report using chemically resistant gloves, which afford the

greatest degree of protection but are substantially more
costly than other gloves. Of course, if blacks were using less
toxic chemicals, strict protective measures may not have
been recommended.

The response rate for all NC private applicators (83%)
compares favorably with the response rates achieved by
other prospective cohort studies which generally have en-
rollment rates below 70% [Alavanja et al., 1996]. More
awareness of pesticide related health risks, the ability to
complete the questionnaire at the licensing center, or the
assumption that the questionnaire was part of the licensing
application may have contributed to this high response rate.
Although the race-specific response rate can not be deter-
mined, since the race category was eliminated from the NC
licensing application, onsite observation suggested that the
response rate was similar or even somewhat higher for black
farmers [J Pierce, personal communication]. Other strengths
of the study include the large amount of information on
pesticide use and farming characteristics and the large
number of white and black farmers participating. Although
many black farmers are reported to be leaving farming
[Zabawa et al., 1994], this study includes one of the largest
cohorts of black male pesticide applicators ever studied.
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TABLE V. Self-Reported Symptoms and Medical Care Related to Pesticide Use of Black and White Male Farmers
Participating in the Agricultural Health Study, North Carolina, 1994 —1997

Black (n = 891)

White (n = 11,909)

percentage percentage OR? 95% CI
Self-reported symptoms believed to be related to personal pesticide use
Excessively tired
Never/rarely 84.7 851 100 Referent
More than rarely 15.3 149 1.07 0.85-134
Headaches/dizziness
Never/rarely 814 724 1.00 Referent
More than rarely 18.6 276 0.62 0.50-0.77
Nausea/vomiting
Never/rarely 93.7 920 1.00 Referent
More than rarely 6.3 8.0 0.76 0.53-1.08
Skin irritation
Never/rarely 85.5 795 100 Referent
More than rarely 14.5 20.5 0.71 0.56—-0.90
Eyeirritation
Never/rarely 821 777 100 Referent
More than rarely 179 223 0.84 0.67-1.04
Chest discomfort
Never/rarely 933 913 100 Referent
More than rarely 6.7 8.7 0.65 0.46-093
Nervous/depressed
Never/rarely 909 88.2 100 Referent
More than rarely 91 1.8 0.71 0.53-095
Sought medical care
Never 911 921 100 Referent
Once or more 89 79 105 0.79-1.39

?Adjusted for age, education, smoking, and region.
OR, odds ratio (Black vs.White); Cl, confidence interval.

This study has some limitations. The selection method
may not have captured a representative group of farmers,
particularly black farmers, with significant current and his-
torical pesticide exposure. Some farmers may be unable to
obtain their own license because they are illiterate or due to
other barriers, while others may not obtain a license because
a fellow licensed farmer can provide them with access to
pesticides. Thus, the finding that blacks in the AHS had
lower cumulative self-reported pesticide exposure than
whites may not be generalizable to farmers who do not
obtain a pesticide license but still apply pesticides. Farmers
can be expected to accurately recall details of their use of
pesticides because it is a significant part of their farming
operation [Brown et al., 1990]. However, AHS farmers may
have left responses deliberately blank because they consi-
dered such information private. The quality of the self-
reports may vary with race and other factors that differed by
race. Moreover, the responses for health symptoms may

be biased because we asked farmers if they experienced
symptoms or required medical attention because of their
pesticide use. Some farmers may fail to link symptoms to
pesticide use or fail to report exposure-linked symptoms for
fear of appearing to be handling pesticides improperly.

Black farmers in the NC AHS cohort reported less
cumulative exposure to pesticides. It remains to be seen if
this translates to lower risk for pesticide-associated health
effects in the future or if other aspects of the farm experience
of black pesticide applicators places them at increased
risk for acute and chronic health effects related to pesticide
use.

ACKNOWLEDGMENTS

We are grateful to Cheryl McDonnell, Margaret
Pennybacker, Charles Knott, and Joy Pierce for their work
conducting the NC efforts of the Agricultural Health Study,



to Stuart Long for programming assistance, and to Jane
Hoppin, Matthew Longnecker, Mary Fran Sowers, and David
H. Garabrant for the comments of earlier drafts of this paper.

REFERENCES

Alavanja MCR, Sandler DP, McMaster SB, Zahm SH, McDonnell CJ,
Lynch C, Pennybacker M, Rothman N, Dosemeci M, Bond A, Blair A.
1996. The agriculture health study. Environ Health Perspect 104:362—
369.

Arcury TA. 1997. Occupational injury prevention knowledge and
behavior of African—American farmers. Hum Organ 56(3):167-173.

Blair A, Zahm SH. 1993. Patterns of pesticide use among farmers:
implications for epidemiologic research. Epidemiology 4:55-62.

Brown LM, Blair A, Gibson R, Evervett GD, Cantor KP, Schuman LM,
Burmeister LF, Van Lier SF, Dick FR. 1990. Pesticide exposures and
other agricultural risk factors for leukemia among men in Iowa and
Minnesota. Cancer Res 50:6585-6591.

Pesticide Use and Symptoms in Black Farmers 209

Delzell E, Grufferman S. 1985. Mortality among white and non white
farmers in North Carolina, 1976—1978. Am J Epidemiol 121:391-402.

Fleming LE, Bean JA, Rudolph M, Hamilton K. 1999. Mortality in a
cohort of licensed pesticide applicators in Florida. Occup Environ Med
56:14-21.

Perry MJ, Layde PM. 1998. Sources, routes, and frequency of pesticide
exposure among farmers. JOEM 40:697-701.

US Department of Commerce, Bureau of the Census. 1998. Current
population reports. Educational attainment in the United States: March
1997. Washington, DC.

US Department of Commerce, Bureau of the Census. 1999. 1997
Census of agriculture. Vol 1. Geographic area series. Part 33: North
Carolina state and county data. Washington, DC.

Winstead CB. 1993. How pesticides are handled in a rural North
Carolina county. AAOHN J 41(1):24-32.

Zabawa R, Baharanyi N, Amougou M. 1994. Factors associated with
black-owned land loss. J Agric Food Info 2(4):23-41.



