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Abstract

Objective Captan is a widely used antifungal pesticide

whose potential to cause cancer in humans is uncertain.

Methods We evaluated the incidence of cancer among

pesticide applicators exposed to captan in the Agricultural

Health Study. Detailed information on pesticide exposure

and lifestyle factors was obtained from self-administered

enrollment questionnaires completed between 1993 and

1997.

Results Of the 48,986 applicators enrolled 4,383 (9%)

had applied captan. Median follow-up time was 9.14 years.

Poisson regression analysis was used to estimate relative

risks (RR) for cancer subtypes by tertiles of captan expo-

sure. We investigated risk for all cancers combined and

sites of cancer for which at least 15 cases occurred among

captan-exposed applicators. These sites included cancers of

the prostate, lung, and colon, blood-related cancers, and

colorectal cancers. During follow-up 2,912 incident pri-

mary cases of cancer were identified. No association

between the highest tertile of captan exposure ([67.375

intensity-weighted days) and development of all cancers

(RR = 0.89; 95% CI, 0.71–1.13) or cancer of any specific

site was observed.

Conclusion Although our study is limited by low num-

bers of observed cancer cases and follow-up time of 9.14

years, it does not provide evidence of an increased risk for

the development of cancer at the investigated sites.
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Introduction

Captan (1,2,3,6-Tetrahydro-N-(trichloromethylthio)phthal-

imide, CAS number 133-06-2) is a thiophthalimide broad-

spectrum fungicide [1]. Since its introduction in 1951, the

antifungal properties of captan have been applied in the

cosmetic and agricultural industries. Captan is FDA

approved for human use to treat dandruff, seborrhea, and

psoriasis [2–5]. Agricultural uses of captan include appli-

cation to terrestrial and greenhouse food and feed crops,

post-harvest dipping of fruits, pretreatment of seeds, and on

ornamental plants [6]. Applicators may be exposed to

captan through oral, inhalational, and dermal routes. Captan

use varies by region within the United States with the most

detailed information concerning agricultural applications of

pesticides collected by the state of California. In California

in 2005, 447,418 pounds were applied to 236,679 acres [3].
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Although a wide variety of crops are treated with captan, the

most heavily treated crops in California during 2005 were

peaches, prunes, cherries, and plums [3].

Animal studies support the concern that captan may be

carcinogenic. Captan was shown to be acutely genotoxic to

African clawed frogs and Spanish ribbed newts using the

micronucleus test [7]. CD1 mice fed very high doses of

captan developed duodenal adenomas and adenocarcino-

mas [8]. However, the mechanism of captan’s potential

carcinogenicity is not well understood. Captan is ultimately

metabolized renally into noncarcinogenic tetrahydroph-

thalimide (THPI) and thiazolidine-2-thione-4-carboxylic

acid (TTCA), but an intermediary of this process, thio-

phosgene, is highly reactive and a potential carcinogen [9].

However, an in vitro study suggests that any risk from

captan exposure may be limited by the very brief half-life

of captan and its metabolites in blood [10].

There have been few human studies on the carcinoge-

nicity of captan. A small study evaluating the mutagenicity

of post-exposure farmers’ urine yielded inconclusive results

[11]. An ecologic study suggested an increased risk of

leukemia among Hispanic males and prostate cancer among

black males in California counties where captan was used

[12]. A Canadian population-based case-control study

found a significant univariate relationship between any use

of captan and development of non-Hodgkins lymphoma

(NHL) [13]. When the authors controlled for potentially

confounding variables the relationship between captan and

NHL became nonsignificant. An earlier report from the

Agricultural Health Study suggested a possible link

between captan application by husbands and an increased

incidence of breast cancer in applicators’ wives [14].

Although animal and human data about captan’s car-

cinogenicity are limited, the United States Environmental

Protection Agency (EPA) classifies captan as not likely to

be a potential carcinogen except at prolonged high-level

exposures [15]. The International Agency for Research on

Cancer (IARC) determined that the weight of existing

evidence is insufficient for any conclusions to be drawn

and classified captan as a group 3 carcinogen [16]. To

further explore the possible relationship between captan

exposure and development of malignancies, we investi-

gated site-specific cancer incidence and risk among

pesticide applicators exposed to captan in the Agricultural

Health Study cohort.

Methods

Cohort enrollment and follow-up

The Agricultural Health Study is a prospective cohort study,

composed of 57,311 private and commercial applicators

licensed to apply restricted use pesticides who lived in Iowa

or North Carolina (82.4% of eligible applicators in both

states enrolled). A detailed description of the cohort has

been previously described [17]. Follow-up time accrued for

each individual from the time of enrollment (1993–1997)

until either a first primary cancer was diagnosed, they died,

they left Iowa or North Carolina, or through 31 December

2004 [18]. Cohort members were matched to cancer registry

files in Iowa and North Carolina for case identification and

to state death registries and the National Death Index to

ascertain vital status. Cases were coded according to the

International Classification of Diseases for Oncology (ICD-

O-2). Follow-up time averaged 9.14 years with 91% of the

cohort accruing greater than 7 years of follow-up time. All

participants provided verbal informed consent, and institu-

tional review boards of the National Cancer Institute,

Battelle (the field station in North Carolina), the University

of Iowa (the field station in Iowa), Westat (coordinating

center for the study) approved the protocol.

Exposure assessment

A self-administered enrollment questionnaire collected

comprehensive exposure data on 22 pesticides, including

captan, ever/never use information for 28 additional

pesticides, information on use of personal protective

equipment (PPE), pesticide application methods, mixing of

pesticides, equipment repair, smoking, alcohol consump-

tion, cancer history of first degree relatives, and basic

demographic data [19]. The questionnaires may be acces-

sed at http://www.aghealth.org/questionnaires.html.

We constructed two measures of cumulative captan

exposure: lifetime days (LD) and intensity-weighted life-

time days (IWLD) of captan exposure. IWLD of captan

exposure was calculated by multiplying LDs of captan

exposure by the captan exposure intensity score. Methods

for calculating the exposure intensity score are described

in detail in Dosemeci et al. [20] and are based on an

applicator’s frequency of personally mixing pesticides,

application methods used, involvement in repair of appli-

cation equipment, and use of personal protective equipment

while working with pesticides. Applicators who had any

exposure to captan were divided into tertiles of captan

exposure, based on levels among all cancer cases com-

bined. We did this so that each of the exposed groups

contained an approximately equal number of cancer cases

(for specific cancers). We categorized captan exposure into

tertiles as this resulted in meaningful exposure differences

between groups and enabled us to evaluate for a dose-

response relationship between exposure to captan and

development of incident cancers. The IWLD tertiles were

any exposure less than 0.064 IWLD, 0.065–67.375 IWLD,

and greater than 67.375 IWLD.
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Statistical analysis

Prevalent cancer case patients identified at or prior to

enrollment (n = 1,084), applicators who did not provide

information on captan use (n = 6,933) or their age (n = 3),

and applicators for whom no follow-up information was

available (n = 305) were excluded from analysis, leaving

48,986 applicators in our study.

Poisson regression analyses were carried out for all

cancers and individual cancer sites to estimate relative risks

(RR) and 95% confidence intervals (CI) associated with

intensity-weighted lifetime days (RRIWLD) of captan

exposure. For IWLD, to evaluate which would be the most

appropriate reference group, we carried out a comparison

of baseline characteristics between different types of pes-

ticide applicators: (1) applicator never exposed to captan,

(2) applicators with captan exposure in the lowest tertile of

IWLD, and (3) applicators with captan exposure in the

highest two tertiles of IWLD exposure. We postulated that

applicators with baseline characteristics similar to those of

the applicators in the highest exposure group would be

most appropriate as a reference group for the Poisson

regression analyses.

We investigated cancer sites for which there were at

least 15 cancer cases among captan exposed applicators.

Cancers that met these criteria included: cancer at all sites,

cancer of the prostate, lung, or colon. When we combined

colon and rectal cancer cases as colorectal cancers and

cases of leukemia, non-Hodgkins lymphoma, Hodgkins

lymphoma, and multiple myeloma into blood-related can-

cers, both colorectal cancer and blood-related cancers met

our inclusion criteria. Models were adjusted for family

history of cancer in a first-degree relative, age (\40, 40–49,

50–59, 60 or older), gender, residence (Iowa vs. North

Carolina), smoking history, use of alcohol within the past

year (ever/never), education level (high school degree or

less versus. beyond high school), applicator type (private

vs. commercial), and year of enrollment. For cancer sites

other than the lung, smoking was categorized as never,

past, or current. To limit residual confounding between

smoking and lung cancer, smoking was further categorized

as never, past with B15 pack-years (py), past with[15 py,

current with B15 py, and current with [15 py in our lung

cancer models. Potential confounding from exposure to

other pesticides was evaluated by identifying the pesticides

most highly correlated with captan by use of the Spearman

correlation coefficient for intensity weighted lifetime days.

Although all correlation coefficients were \0.24 we eval-

uated potential confounding by the five most highly

correlated pesticides. To employ the most parsimonious

models we only retained variables that contributed to our

models by altering our point estimates by more than 10%

or were known risk factors for the cancer site of interest in

our final models. p-trend values were calculated using

captan exposure as a continuous variable, and all statistical

tests were two-sided. All statistical analyses were per-

formed using Stata version 9.2 (StataCorp, College Station,

TX) and AHS data release P1REL0612.

Results

Selected characteristics of the 48,986 pesticide applicators

are presented in Table 1. The cohort largely comprised

whites (98%), males (97%), and private applicators (91%).

The average age at enrollment was 46.1 years (SD = 13.0).

Among the 48,986 subjects with complete exposure

information on captan, 4,383 (9%) reported ever having

used captan, and they contributed a total of 448,478 per-

son-years with an average follow-up of 9.14 years. In this

study 2,912 (5.9%) applicators developed a malignancy

during the follow-up period. The most commonly observed

cancers were prostate (n = 1,171), colorectal (n = 299),

blood (n = 278), and lung (n = 271). Table 1 shows that

there is no clear distinction of a better reference group as

the highest exposed group is more similar to the non-

exposed group for some characteristics but more similar to

the lower exposed group for other characteristics. For this

reason, we present results for IWLD using both reference

groups.

Relative risks for IWLD of captan exposure and cancer

sites that met our inclusion criteria are presented in

Table 2. Because the model for each cancer site was

adjusted for its own set of unique covariates, these are

listed by site in the footnotes. We did not detect an

increased risk for all cancers, whether we used the non-

exposed group as the referent (highest tertile: RR = 0.89;

95% CI, 0.71–1.13; p-trend = 0.15) or the lowest tertile as

the referent (highest tertile: RR = 0.84; 95% CI, 0.61–

1.17; p-trend = 0.33). Relative risks were not elevated for

any of the individual or collective cancer sites analyzed

regardless of choice of reference category. Similarly, a

relationship between captan exposure and development of

any cancer or site-specific cancers was not detected when

we used LD as the exposure metric regardless of choice of

referent (data not shown). We did not find strong correla-

tions between captan and other pesticides evaluated in the

Agricultural Health Study, so we did not control our final

models for other pesticide use.

Discussion

Although captan has not been shown to be acutely toxic in

mammals, concern remains about its potential carcinoge-

nicity [1, 6, 21–23]. Bacterial studies have shown that
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captan irreversibly binds DNA polymerase 1 of Escherichia

coli and alters its catalytic functions [24]. In Salmonella

typhimurium and E. coli, captan is mutagenic [25, 26]. In

rat hepatocytes, metabolism of captan by microsomal

p450 enzymes can induce lipid peroxidation which is

thought to be a means of captan-induced cytotoxicity [27].

Table 1 Selected characteristics of applicators by intensity-weighted lifetime days of captan exposure based on 1993–1997 enrollment data in

the Agricultural Health Study

Characteristics Non-exposed to captan Lowest tertile of captan exposure Upper 2 tertiles of captan exposure

n = 44,603 % n = 1,422 % n = 2,961 %

Age (year)

\40 15,049 34 466 33 896 31

40–49 12,514 28 511 36 956 32

50–59 9,059 20 257 18 615 21

[60 7,981 18 188 13 494 17

Sex

Male 43,462 97 1,403 99 2,853 96

Female 1,141 3 19 1 108 4

State of residence

Iowa 30,231 68 1,290 91 1,744 59

North Carolina 14,372 32 132 9 1,217 41

Applicator typea

Commercial 4,268 10 31 2 146 5

Private 40,335 90 1,380 98 2,826 95

Smoking history

Never 23,681 53 890 63 1,572 53

Former smoker (B15pack-years) 9,360 21 283 20 626 21

Former smoker ([15 pack-years) 3,590 8 89 6 294 10

Present smoker (B15 pack-years) 3,713 8 78 5 178 6

Present smoker ([15 pack-years) 3,784 8 77 5 272 9

Missing 475 1 5 0.4 19 0.6

Alcoholb

Never 13,892 31 311 22 885 30

Ever 30,116 68 1,097 78 2,067 70

Missing 595 1.3 3 0.2 20 0.7

Educational level

High school/GED or lower 24,912 56 586 41 1,216 41

Beyond high school 18,761 42 819 58 1,703 57

Missing 930 2 17 1 42 1

Family history of cancerc

No 25,389 57 784 46 1,526 51

Yes 16,600 37 599 42 1,317 44

Missing 2,614 6 28 2 129 4

Currently raising field corn

No 13,266 29.7 531 16.9 708 57.2

Yes 31,337 70.3 2,615 83.1 529 42.8

Currently raising soybeans

No 15,048 33.7 625 19.9 736 59.5

Yes 29,555 66.3 2,521 80.1 501 40.5

a The term ‘‘private’’ refers primarily to individual farmers, and ‘‘commercial’’ refers to professional pesticide applicators
b Based on the answer to the question ‘‘During the past 12 months, how often did you drink any kind of alcoholic beverage?’’
c Family history of cancer in a first-degree relative
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Furthermore, captafol, a chemical closely related to

captan, induces similar findings in rat and human kidney

cells [28].

To further evaluate captan’s potential carcinogenicity in

humans, we assessed the risk of developing cancer among

pesticide applicators exposed to captan in the Agricultural

Health Study cohort. We found no relationship between

exposure to captan and development of all cancers or any

of the investigated site-specific cancers. These findings

persisted regardless of our choice of exposure metric (LD

or IWLD) or reference group (non-exposed or least

exposed). We did not observe a dose-response relationship

between captan exposure and development of any of the

investigated cancer sites.

Table 2 Adjusted relative risks (RR) of cancer given intensity-weighted lifetime days of exposure to captan among pesticide applicators in the

Agricultural Health Study

IWLDa Cases Referent = no exposure Referent = lowest exposed tertile

RR 95% CI p-trendb RR 95% CI p-trendb

All sitesc

No exposure 2,693 1.00 0.15 0.33

Lowest tertile 73 1.11 (0.88–1.40) 1.00

Middle tertile 73 0.83 (0.66–1.04) 0.75 (0.54–1.04)

Highest tertile 73 0.89 (0.71–1.13) 0.84 (0.61–1.17)

Blood-relatedd

No exposure 255 1.00 0.81 0.48

Lowest tertile 7 1.07 (0.50–2.27) 1.00

Middle tertile 11 1.28 (0.70–2.34) 1.22 (0.47–3.14)

Highest tertile 5 0.66 (0.27–1.60) 0.65 (0.20–2.04)

Colone

No exposure 196 1.00 0.81 0.42

Lowest tertile 5 1.04 (0.43–2.52) 1.00

Middle tertile 6 0.94 (0.42–2.12) 0.85 (0.26–2.79)

Highest tertile 5 0.90 (0.37–2.20) 0.58 (0.16–2.17)

Colorectale

No exposure 299 1.00 0.44 0.23

Lowest tertile 8 1.06 (0.52–2.13) 1.00

Middle tertile 9 0.9 (0.47–1.75) 0.82 (0.32–2.14)

Highest tertile 6 0.71 (0.32–1.60) 0.51 (0.17–1.54)

Lungf

No exposure 271 1.00 0.10 0.11

Lowest tertile 7 1.54 (0.72–3.28) 1.00

Middle tertile 4 0.53 (0.20–1.42) 0.32 (0.08–1.20)

Highest tertile 5 0.52 (0.21–1.26) 0.29 (0.07–1.25)

Prostateg

No exposure 1,078 1.00 0.76 0.94

Lowest tertile 30 1.13 (0.79–1.63) 1.00

Middle tertile 29 0.82 (0.57–1.19) 0.73 (0.44–1.21)

Highest tertile 34 1.02 (0.73–1.44) 0.97 (0.59–1.59)

a IWLD = Intensity-weighted lifetime days
b p-trend values were calculated using captan exposure as a continuous variable
c Adjusted for age, smoking (never, former, current), family history of any cancer in first-degree relative, and enrollment year
d Adjusted for age and enrollment year. Blood-related cancers include non-Hodgkins lymphoma (n = 123), leukemia (n = 90), multiple

myeloma (n = 50), and Hodgkins disease (n = 15)
e Adjusted for age, education level, family history of colon cancer in a first-degree relative, and enrollment year
f Adjusted for age, smoking (never, former (\15 py), former (C15 py), current (\15 py), current (C15 py), state, and enrollment year
g Adjusted for age, family history of prostate cancer, and enrollment year
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The Agricultural Health Study has several important

strengths. It is the largest study to date of pesticide appli-

cators exposed to captan. Recall bias was minimized as

exposure information was collected prior to cancer diag-

nosis. Furthermore, it has been shown that farmers provide

accurate and reliable information and considerable detail

regarding their pesticide application history [29–33]. This

study is unique because the detailed exposure assessment

allowed us to more accurately classify captan exposure

as well as evaluate for potential confounding with

captan between commonly used pesticides and lifestyle

characteristics.

Despite the strengths of this study it does contain limi-

tations. While the Agricultural Health Study cohort is large

only 4,383 (9%) applicators reported ever applying captan.

The preponderance of white males limits generalizability of

our results to other groups. The low number of cancer cases

observed during the follow-up period restricted the cancer

sites available for analysis to only the most commonly

occurring sites. In addition, we combined leukemia,

Hodgkins disease, non-Hodgkins lymphoma, and multiple

myeloma into the blood-related cancers because there were

too few cases to analyze these cancer types individually.

Although we assessed for a dose-response to captan expo-

sure by dividing captan exposure into tertiles, this analysis

is limited since most applicators had low levels of lifetime

captan use. Furthermore, many farmers may have had

unmeasured exposure to captan through contact with seeds

pretreated with captan. As farmers in our non-exposed

group may have contacted captan our results may have been

biased toward the null. Previous work suggests that the

seeds most likely to expose farmers to captan are corn and

soybeans [34]. We assessed for the potential impact of

planting these crops by adjusting our models for raising

corn and soybeans but found that they did not influence the

relative risks when we controlled for these exposures in our

models. We also evaluated cancer risk associated with

raising these crops among only the applicators who reported

never having used captan. No relationship between raising

these crops and development of subsequent cancers was

observed. We will be able to better address these limitations

with additional follow-up time.

Conclusion

We found no evidence of increased risk for developing

some of the more common cancers with exposure to cap-

tan. However, our study is subject to several limitations

that may bias our results toward the null hypothesis of no

association between captan exposure and development of

malignancies. The relationship between captan and both

the cancers analyzed here and less common cancers

warrants repeat evaluation as follow-up time accrues in the

Agricultural Health Study.
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