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Significant Findings and Usefulness of Findings

In this cohort of 33,669 Florida licensed pesticide applicators assembled through extensive data

linkages, there were a total of 1874 deaths and 1266 incident cancer cases with 320,250 person-years

from 1/1/75 to 1/1/94. Using a variety of analysis methodologies, the pesticide applicators are

consistently and significantly healthier compared to the general Florida population and the NCI

occupational database. As with many occupational cohorts, the risk of cardiovascular disease and

of diseases associated with ethanol and tobacco use are significantly decreased, even in the

subpopulations (eg. males, females,and license subcategories).

Among male applicators as seen in prior studies, prostate cancer mortality [SMR=2.38 (95%

confidence interval=1.83-3.04)] and incidence [1.92 (1.73-2.14)] and testicular cancer incidence

[SIR=2.49 (1.58-3.74)] were significantly elevated. There were no confirmed cases of soft tissue

sarcoma in this cohort of pesticide applicators, and non Hodgkin's lymphoma was not increased;

these fmdings are at odds with prior literature associating the use of the phenoxy herbicides with an

increased risk of both these cancers. The number offemale applicators was relatively small, as were

the numbers of deaths and incident cancer cases. Nevertheless, cervical cancer incidence [3.71

(1.85-6.64)] was significantly increased; breast cancer incidence and mortality were not elevated.

This study adds to existing knowledge of diseases associated with occupational pesticide exposure,

especially issues of incident cancer. Possible recommendations derived from these fmdings could

include screening of male pesticide applicators for testicular and prostate cancer, and screening of

female pesticide applicators for cervical cancer, as well as specific risk avoidance instruction for

aerial applicators. In addition, further study ofthis cohort may be warrented concerning the reasons
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for their relatively low mortality from a variety of causes including cardiovascular disease and breast

cancer.
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ABSTRACT

A Study ofFlorida Pesticide Applicators

Lora Elderkin Fleming MD PhD MPH Msc

Pesticides are chemicals used since ancient times to destroy or control pests. Although the primary

hazard to humans associated with pesticide exposure is acute poisoning, there has been considerable

concern surrounding the possibility of cancer and other chronic health effects in humans. Given the

huge volume ofpesticides now used throughout the world, as well as environmental and food residue

contamination leading to chronic low-level exposure, the study of possible chronic human health

effects is important.

This study is a retrospective cohort analysis of the cancer incidence and general mortality among a

cohort of Florida licensed pesticide applicators. In addition, proportional mortality ratio (PMR)

studies and mortality odds ratio (MOR) studies were performed. Comparison groups consisted ofthe

general Florida population and subgroups from a National Cancer Institute pooled worker cohort.

In this cohort of 33,669 Florida licensed pesticide applicators assembled through extensive data

linkages, there were a total of 1874 deaths and 1266 incident cancer cases with 320,250 person-years

from 1/1/75 to 1/1/94. Using a variety of analysis methodologies, the pesticide applicators are

consistently and significantly healthier compared to the general Florida population and the NCI

occupational database. As with many occupational cohorts, the risk of cardiovascular disease and
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of diseases associated with ethanol and tobacco use are significantly decreased, even m the

subpopulations (eg. males, females,and license subcategories).

Among male applicators as seen in prior studies, prostate cancer mortality [SMR=2.38 (95%

confidence interval=1.83-3.04)] and incidence [1.92 (1.73-2.14)] and testicular cancer incidence

[SIR=2.49 (1.58-3.74)] were significantly elevated. There were no confmned cases of soft tissue

sarcoma in this cohort of pesticide applicators, and non Hodgkin's lymphoma was not increased;

these fmdings are at odds with prior literature associating the use of the phenoxy herbicides with an

increased risk ofboth these cancers. The number offemale applicators was relatively small, as were

the numbers of deaths and incident cancer cases. Nevertheless, cervical cancer incidence [3.71

(1.85-6.64)] was significantly increased; breast cancer incidence and mortality were not elevated.

Additional subcohort and exposure analyses were performed.
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Chapter One: Introduction

This chapter presents the rationale and overall plan for a study of a cohort of licensed pesticide

applicators in Florida.

1.0. Background

Pesticides are chemicals used since ancient times to destroy or control pests. Although the primary

hazard to humans associated with pesticide exposure is acute poisoning. concern surrounding the

possibility of pesticide carcinogenicity and other chronic health effects in humans exists. The

pesticides· which have generated the greatest concern for possible carcinogenicity include the

herbicides, heavy metals, non-herbicide organochlorines, and certain fumigation agents. This is

important, given the huge volume ofpesticides now used throughout the world in agriculture. industry,

and homes. In addition, environmental and food residue contamination from pesticides could lead

to mass chronic low-level exposure.

Since 1970 under the Environmental Protection Agency (EPA), the Federal Insecticide, Fungicide,

and Rodenticide Act (FIFRA) has required that persons who buy or use restricted-use pesticides must

be certified as competent pesticide applicators or must be directly supervised by a certified applicator.

The State ofFlorida has computerized records ofover 37,000 certified pesticide applicators with paper

records for up to 20 years. As a highly agricultural and tropical state, Florida is a major pesticide user.

2.0. Original Proposed Study

This study proposes to perform retrospective studies ofcancer incidence and general mortal ity, as weII



as a nested case control study of specific cancer incidences of these licensed Florida Pesticide

Applicators. Because the greatest exposures to pesticides occur in the occupational setting. this study

adds to the body of knowledge concerned with pesticides and their health effects in humans.

Furthennore, results from the study (ie. specific cancer and other mortality rates) can be incorporated

into existing mandatory educational programs of the Florida Department of Agriculture Bureau of

Pesticides to prevent future il1ness in this and similar workforces.

The study specifical1y examines the question of increased lung cancer found in two prior studies of

pesticide applicators, but not in agricultural workers. {Barthel 1986, Blair 1983} Other specific

cancers reported elevated in studies ofpesticide-exposed workers included: leukemia, lymphoma. and

testicular cancer. In addition, internal analysis of"pure" pesticide exposed applicators (ie. commercial

and public licensees) and agriculture-exposed fanner pesticide applicators (ie. private licensees) are

perfonned to differentiate between the carcinogenic effects of pesticides (such as the arsenicals) as

opposed to zoonotic oncogenic viruses and other potential carcinogens associated with agricultural

work. This internal comparison analysis is of specific interest for both lung and testicular cancer

previously found elevated in "pure pesticide" exposures, and for leukemia elevated among agricultural

workers. {Barthel 1986, Blair 1983, Wiklund 1989, Pearce 1990, Blair 1985, Blair 1982, Wiklund

1986, Brown 1991, Bunneister 1990, Bunneister 1983} Other issues, such as female breast cancer

associated with organochlorine exposure, are also explored.

2.1. The study hypotheses are:

1. Age-adjusted rate of overall cancer incidence for Florida population is higher than

the rate for a cohort of licensed pesticide applicators in Florida (ie. the healthy worker

2



effect):

2. Adjusted cancer incidence rates for lung cancer, lymphoma. leukemia. multiple

myeloma, soft tissue sarcoma. and testicular cancer are higher for this cohort of

Florida pesticide applicators than the Florida population rates;

3. Adjusted cancer incidence rates for lung cancer, lymphoma. teukemia. multiple

myeloma, soft tissue sarcoma, and testicular cancer increase as time of exposure to

pesticides increases (ie. dose response);

4. These increased specific cancer incidence rates are independent ofconfounding risks

(ie. smoking, race/ethnic group, and other possible confounders);

5. Adjusted cancer incidence rates for certain cancers are associated with increased

exposure to certain groups of pesticides (ie. lymphoma and herbicides. lung cancer

and arsenicals);

6. As with cancer incidence, in general, the age-adjusted cause-specific mortality rates

for the cohort as a whole are less than the Florida population rates (ie. healthy worker

effect);

7. Adjusted cancer mortal ity rates for the private (farmers) applicators with agricuItural

and pesticide exposure differ from the commercial and public applicators with only

pesticide exposure. In particular, lung cancer mortality will be increased among the

commercial and public applicators, but not the private (farmer) applicators.

3.0. Organizational Outline

The literature concerning the possible human health effects of occupational exposure t~ pesticides is

summarized in the Chapter Two. Included in this chapter is a extensive Bibliography and a tabular

3



summary of all epidemiologic studies of pesticide applicators.

The computerized database of licensed pesticide applicators in Florida since 1970 was obtained from

the Florida Dept of Agriculture and Consumer Services. Due to missing information. this database

was repeatedly linked with a variety ofexisting databases to obtain date ofbirth. mortality and cancer

incidence information; in addition, the hardcopies of the license applications have been reviewed by

the Investigator. Cancer incidence data since 1980 were obtained by linking the database with the

Florida Cancer Data System (FCDS). Using the linkages with the Florida Vital Statistics Death Tapes.

the Florida Motor Vehicles Registry, HCFA, and the Florida AHCA, as well as two private data

linkage firms (ie. EQUIFAX and Epidemiology Resources Inc.), date of birth and date of death

information were added to the database. A Master Database has been constructed which consists of

those applicators with date ofbirth and vital status information, as well as cancer incidence and other

information where applicable. The methodology and results of these linkages, as well as summary

information from the Master Database, are described in detail in Chapter Three. In addition, the

nested case control study of cancer incidence and the subsample general survey were attempted for

confounding and exposure information; however, these studies could not be performed due to

logistical issues. discussed in detail in the Appendix.

The statistical analyses and rationale used in this study are described in Chapter Four. Proportional

Mortality Ratio (PMR) studies and Mortality Odds Ratio (MaR) studies comparing the cohort to both

the Florida and a National Cancer Institute worker comparison cohort have been performed; the

methodology and results are described in Chapter Five. The results of retrospective cohort analyses

ofboth general mortality and cancer incidence among a cohort ofFlorida licensed pesticide applicators

with occupational pesticide exposure are described in Chapters Six and Seven, respectively. Finally,

4



the overall conclusions of the statistical analyses are discussed in Chapter Eight.
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Chapter Two: Background

This chapter briefly describes pesticides as a chemical group and presents the evidence for non-cancer

associated human health effects. The published literature concerning the possible carcinogenic effects

of pesticides, especially with respect to farmers and pesticide applicators. is reyiewed in depth.

1.0. Pesticides Background

Since ancient times, humans have attempted to control or destroy a variety ofpests for the purposes

ofagriculture, disease prevention, structural preservation, and even aesthetics. {Smith 1975, Igbedioh

1991, IARC 1991, Maroni 1993} Under the Federal Insecticide, Fungicide and Rodenticide Act

(FIFRA), administered by the US Environmental Protection Agency (EPA), a pesticide is defined as

an economic (as opposed to medicinal) poison. Pesticide is a generic term that can include

insecticides, herbicides, fungicides, rodenticides, nematocides, ascaracides, molluscides, and avicides,

according to the pest target. {Moses 1993}

In 1985, worldwide, the majority of pesticide use was as herbicides (46%), then insecticides (31 %)

and fungicides (18%).{WHO 1990} In 1988, in the US over 1 billion pounds of pesticides were

applied, 80% as agricultural use; 75% of the cropland and 70% of the livestock in the US are treated

with pesticides.{EPA 1988, Weisenburger 1993} In agriculture, herbicides are used mainly on com

and soy beans; insecticides are applied on cotton and horticultural crops; fungicides are used for

horticultural crops and wheat. The major non-agricultural use ofherbicides is for pUblic-way-access.

while insecticides are used for public health purposes and fumigants for structural fumigation. {IARC

1991 }



Commercial pesticides are rarely used in their pure chemical state. The active ingredients ofpesticides

and their by-products are composed of a great many different chemical mixtures. In addition. there

are a multitude of "inactive" ingredients, such as solvents, surfactants, carriers. and emulsifiers. used

to improve the effectiveness of the pesticides. In fact, many of the so-called inert or inactive

ingredients may not be active as pesticides, but can be biologically active (e.g. the carcinogens.

asbestos, and carbon tetrachloride). Furthermore, there can be undesirable contaminants such as

dioxins, nitrosamines, and other toxic compounds. In the United States, there are over 45,000

individual pesticide products incorporating over 1500 active ingredients currently registered with the

Federal Government. {Maddy 1983, Moses 1993}

Since 1970, under FIFRA, EPA has required that persons who buy or use restricted-use pesticides

must be certified as competent pesticide applicators or must be directly supervised by a certified

applicator. However, most of the pesticides used for non-agricultural purposes (such as home pest

control, gardening, right of way, public health vector control, etc) and bought "over the counter"

without licensure are just different formulations of the same active ingredients used in the restricted

agricultural pesticides.

1.1. Pesticide Exposure

Exposure to pesticides can be occupational, accidental, intentional, and environmental. Pesticides are

applied through release or propulsion through the air as dusts, granules, or ~iquid sprays; directly

applied to the plant or through injection into the plant or soil; released in irrigation water; or as a

fumigation in the air; drift, accidental spills and contaminations can also occur into all environmental

media. Direct and indirect occupational exposure involves inhalation, skin absorption, and sometimes
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oral ingestion. while accidental and intentional exposures are usually through ingestion. Occupational

exposures can vary from very high to extremely low. depending on the knowledge and training of the

applicator. personal protective equipment. application method. climate. and other factors.

Environmental exposures. usually through water, food chain and even soil/dust contamination. are

often very low but can be chronic exposures. especially with environmentally persistent chemicals

such as the organochlorines. {IARe 1991, WHO 1990, Maddy 1990, Blain 1990}

Occupations associated with pesticide exposure are usually divided into agricultural and non·

agricultural. In the US, there are approximately 2.1 million farmers, 3 million hired farm workers.

and 6 million farm family members (including children); worldwide, agricultural work is still the most

common occupation, often employing more than one third of the population. Other agricultural

occupations include pesticide applicators, pesticide manufacturing workers, and veterinarians. Non­

agricultural occupations include exterminators and structural fumigators, public health vector control

workers, landscape and right-of-way workers, as well as flower distributors, paint manufacturers. and

pet groomers. {Moses 1993, Weisenburger 1993, Lang 1993, Cordes 1991}

Discrete accidental mass poisoning episodes, usually through food contamination, and accidental or

intentional exposures in individuals. can result in extremely high pesticide exposures. {Levine 1992,

Lang 1993, WHO 1990, Ferrer 1989, Blain 1990} However, the majority of non-occupational

exposures are low, but often chronic. Indirect exposure through pesticide residues on food. in breast

milk, and in lifetime fat storage may play an important role in the exposure of the general population

to pesticides.{Forget 1991. Olszyna-Marzys 1978} Household usage of pesticides in both

industrialized and developing nations can be considerable, especially in warmer climates. In 1981,

more than 500 different pesticide. formulations were found in 8,500 households sampled in 25

8



metropolitan and 25 county areas in the US. with the southeast households using. the greatest

quantities; in California alone. an estimated 30 million kilograms ofpesticides were sold for home and

garden use in 1980.{Savage 1981. Weisenburger 1993} In 1988. the US Environmental Protection

Agency estimated that one third of US single family households regularly either self-applied or had

a commercial application of herbicides to their lawns.{Palackdharry 1994} furthermore. local

environmental conditions (such as "tight buildings") can make application ofpesticides in the home

or workplace quite persistent over time. {Wright I978} The NHANES III (199 I-1994) data showed

that 82% of participants had measurable amounts (mean 4.5 ugIL) of the metabolites of the rapidly

metabolized and widely used organophosphate pesticide, Chlorpyrifos, in their urine. {J Davies. verbal

communication}

Particular subgroups in the population may be more sensitive to exposure to pesticides. Children. with

or without para-occupational exposure through their parents, may be at greater risk than adults both

in terms of exposure and health impact, from pesticides; in addition to increased respiratory rate and

caloric intake, children have an increased ingestion potential through hand-to-mouth exposure. {NRC

1993, Roberts 1989} In developing nations, extensive malnutrition, concurrent infectious diseases.

and environmental pollution can contribute to increased toxicity from pesticide exposure.{Jamall

199 I, Igbedioh 1991, El Sebae 1993}

The type ofpesticide formulation and the method ofpesticide application can determine the type and

amount ofexposure. Application can range from hand-held sprayers with significant risk of skin and

. inhalation contact to the significant risk of environmental contamination with application through

existing irrigation systems. Pesticides can be applied as liquids, solutions, powders, dusts, granules,

emulsifiable concentrates, seed treatments, drenches, and baits. An increasingly used formulation

9



which is potentially very dangerous is the "ultra-low volume" (ULV); it is applied almost undiluted.

thus it is particularly dangerous to both the mixer and the applicator. {Moses 1993. WHO 1990. IARC

1991} Interestingly. manufacturing workers often have lower exposures since the processes are often

highly automated, at least in the industrialized nations.

Exposure monitoring in the occupational setting was traditionally by ambient sampling during work

processes. However, given extensive skin absorption, especially during pesticide application.

estimates are now obtained using dermal patch testing with video monitoring. as well as breathing

zone air measurements. {Methner 1994a. Fenske 1991} Biological monitoring. which traditionally

used the problematic blood cholinesterase levels in the case of organophosphate exposure. is now

moving towards the measurement of urine metabolites of particular pesticides. {Woollen 1993, He

1993} In non-occupational settings, fat biopsies, blood and urine levels, and breast milk levels of

various pesticides have been used. These somewhat more invasive monitoring methods are

particularly suited to the lipophilic and persistent pesticides such as the organochlorines.

Environmental monitoring ofwater. earth and air for particular pesticides is particularly important for

the environmentally persistent pesticides and the issue ofcommunity exposure. This is especially true

in developing nations where inappropriate use ofpesticides can add to the substantial levels ofexisting

environmental pollution. {EI Sebae 1993} Finally, food residue measurement is especially relevant

for the body burden of the general public, as well as prevention of accidental mass poisonings, even

ifthe actual health effects risk ofnon-occupational chronic low level exposure are unknown. {IARC

1991 , Chester 1993}

2.0. Pesticides and Human Health Effects

10



The types of pesticides applied have changed dramatically over the five decades since World War II.

After WWII. environmentally persistent but less acutely toxic chemicals such as the organochlorines

were heavily applied. This lasted until the 1970s when many ofthese chemicals were banned (at least

in the more industrialized nations) as the implications of their prolonged environmental effects

became manifest. Since then, there has been a rapid expansion ofthe less environmentally persistent.

but more acutely toxic pesticides, such as the organophosphates and carbamates. This shift in toxicity

has had implications for human health. At the same time, recent work suggests 'that the older

chemicals, such as the organochlorines, may cause chronic health effects in humans as well as in other

animals. {WHO 1990, Moses 1993, IARC 1991}

2.1. Acute Health Effects

WHO (1990) estimates that there are at least 1 million unintentional severe pesticide poisonings

annually worldwide, with at least 20,000 deaths. Occupational exposure accounts for over 70% of

these severe unintentional poisonings. Jeyaratnam (1985) estimated that there are an additional 2

million cases annually worldwide of intentional pesticide poisoning, resulting in more than 220,000

deaths; in 1990, he expanded this estimate to 25,000,000 unintentional poisonings per year based on

a 3% occupational poisoning rate reported in a survey from 4 Asian countries extrapolated to the

International Labor Organization estimate of830 million agricultural workers worldwide. {Jeyaratnam

1990, Levine 1992, Jeyaratnam 1987} Jeyaratnam (1985) stated that only 6% of the pesticide­

associated deaths are due to occupational exposure and over 90% related to suicide; however,

Wesseling el al. (1993) found that only 62% ofthe pesticide fatalities were related to suicide in Costa

Rica. Regardless, both fatal and non-fatal pesticide poisonings are believed to be significantly under­

reported, both in industrialized and developing nations. Estimates of reported to unreported cases

have ranged from 1:6 to I: 100. Under-reporting issues range from inadequate knowledge about

11



pesticide illness on the part of patients and healthcare providers. to a lack of healthcare facilities and

reporting mechanisms. {WHO 1990. Jeyaratnam 1985. Moses 1993. IARC 1991. Maroni 1993.

Maddy 1990. Levine 1992}

Since the majority ofpesticides are neurotoxins, it is not surprising that the major acute health effects

are neurologic. These effects have been extensively described. {McConnell 1994, Schenker 1992.

Jeyaratnam 1994, Moses 1989, Hayes 1991, Maroni 1993, Blain 1990} In addition, fatal and non­

fatal accidents are increased in many populations working with pesticides, possibly related in some

cases to the concomitant exposures to neurotoxic chemicals in dangerous workplaces. {Cantor 1991.

Purschwitz 1990} Children are at particular risk for farm-related mortality. especially from

machinery; the role ofconcomitant pesticide exposure is unknown. {Schenker 1995} Additional acute

health effects ofpesticide exposures include dermatoses, both allergic and irritant contact dermatitis.

and respiratory problems such as asthma and upper respiratory irritation.{Cellini 1994, Abrams 1991,

Moses 1989, Weisenburger 1993, Moses 1993, Cordes 1991, Lang 1993, Maroni 1993, Scarborough

1989}

2.2. Chronic Non Cancer Health Effects

In general, the relationship between pesticides and chronic disease (both morbidity and mortality),

especially non-cancer effects, in humans with chronic exposure has been studied relatively little. As

with acute effects, neurologic disease predominates.{Sharp 1986, Blain 1990} The subchronic

delayed pesticide intoxication syndrome and the chronic delayed induced axonopathy associated with

severe poisoning with certain organophosphate chemicals have been well documented and

described. {Davies 1990, Sharp 1986, Richardson 1995, Blain 1990} Neuropsychologic changes have

been noted, especially after acute poisoning episodes rather than with well controlled occupational
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exposures. {Rosenstock 1991. Daniell 1992, Steenland 1994, Rosenstock 1990. Davies 1990 ~

Chronic neurologic diseases, such as Parkinson's, may be elevated in pesticide-exposed populations.

especially with chronic low level exposure. {Davies 1990, Moses 1993. Butterfield 1993, Tanner 1990.

Schoenberg 1987, Golbe 1993, Rajput 1987, Weschsler 1991, Semchuck 1993, Hubble 1993. Fleming

1994a} The pesticides associated with an increased risk of chronic neurologic diseases are certain

organochlorines and the herbicide paraquat, as well as the organophosphates.

Other chronic health effects include lung disease (eg. fatal restrictive fibrosis following paraquat

poisoning), possible immunotoxicity (especially associated with the organochlorines), reproductive

effects, aplastic anemia, and chronic skin diseases. {Jamall 1991, Cellini 1994, Abrams 1991. Lang

1993, Jeyaratnam 1994, Thrasher 1993, Sharp 1986, Cordes 1991, Moses 1989, Fleming 1993, Lang

1993, Moses 1993, WHO 1990, Maroni 1993, Blain 1990. Betta 1989, Botham 1990, Burrell 1993}

Lack of adequate worldwide diagnosis and reporting make it difficult to estimate the magnitude of

these chronic health effects, especially in the general population.

Reproductive health has been studied in various pesticide-exposed populations, especially in relation

to herbicides. Although misclassification bias with respect to exposure may be a problem with many

of the studies, the majority showed no statistically significant increased risks for miscarriages, birth

defects, or sex ratio specifically for herbicides in occupationally exposed populations. {Roan 1984,

Smith 1982, Pearn 1985} However, both occupational and non-occupational exposure to other

pesticides has suggested reproductive outcome risks, including increased spontaneous abortion

(maternal and paternal), increased perinatal mortality (maternal), spina bifida (paternal), anencephaly

(paternal), hemangiomas (maternal and paternal), and cleft palate (maternal and paternal), as well as

various other birth defects (paternal). {Taha 1993, Brender 1990, Restrepo 1990a, Restrepo 1990b,
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Nunninen 1994, Olshan 1991, Gordon 1981. White 1988, Schwartz 1986. Rita 1987. Weisenburger

1993. Moses 1989, Moses 1993, Maroni 1993} In addition. certain pesticides. such as the

organochlorines Dibromochloropropane (DBCP) and chlordecone (Kepone). have been found to

adversely affect reproductive health, including causing pennanent male infertility. {Whorton 1992.

Weisenburger 1993, Moses 1989, Moses 1993} Finally, where it has been studied. laboratory fetal

and/or genetic toxicity has been reported with the residuals ofmany commonly used pesticides. {Kida

1993} Again, a lack of adequate worldwide diagnosis and reporting make it difficult to estimate the

magnitude of the reproductive health effects associated with pesticide exposure.

2.3.~ Cancer Mortality in Occupational groups

In studies ofthe major occupational groups exposed to pesticides (ie. fanners, production workers,

and applicators), the most consistent findings have been increased rates ofspecific cancers and death

from injury. In general, cardiovascular disease risk has been lower in these pesticide-expose9 groups

compared with the general population, and even when compared to other occupational groups. Part

of this may be due to lifestyle factors (such as decreased smoking and increased exercise, at least

among fanners). On the other hand, the bias of the healthy worker effect, especially the use of

inappropriate comparison groups, as well as the dearth of infonnation (especially for migrant

fannworkers) are also contributing factors. {Park 1991}

2.3.1. Agricultural Workers

The majority ofstudies ofchronic disease mortality in farmers have focused on cancer; therefore, there

is a relative dearth ofinfonnation on non-cancer mortality in agricultural workers. {Reif 1989, Pearce

1986, Bunneister 1983, Bunneister 1990, Blair 1982, Hoar 1986, Gallagher 1985, Saftlas 1987, Blair

1979, Wiklund 1983, Axelson 1980, Pearce 1990, Gallagher 1984, Zahm 1993, Cantor 1992, Ritter
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1990. Linet 1995. Morrison 1992a. Viel 1993. Eriksson 1992. Forastiere 1993. Da\'is 1992. Blair

1993} Overall mortality, and alcohol and tobacco-related causes ofdeath are usually decreased among

farmers when compared to the general population and to many other occupational groups. Disabling

injuries (from machinery and motor vehicles), suicide, and non-malignant respiratory diseases

(including tuberculosis) are the major causes of chronic disease mortality that are increased in

farrners.{Cordes 1991, Beaumont 1995, Boxer 1995, Saftlas 1987, Weisenburger 1993, Moses 1993.

Maroni 1993, Blair 1993} With relation to the increase in non-malignant respiratory diseases. possible

pesticide-related immunologic effects are postulated, given the in vitro immunologic effects afmany

pesticides, and the widespread prevalence ofdermatitis and asthma in farming populations.{Gallagher

1984, Weisenburger 1993, Moses 1993, Cordes 1991, Daniel 1995, Wiggle 1990}

Usually, cardiovascular disease mortality, when it is evaluated, is decreased in farmers. {Marx 1990.

White 1989, Stubbs 1984, Coye 1985, Purshwitz 1990, Rust 1990, Burmeister 1982, Carlson 1978,

Davis 1992, Blair 1993} Of note, Beaumont et al. (1995) found a statistically insignificant increase

in heart disease mortality (SMR=I.32, CI 0.86-1.94) in a subcohort ofCalifornia agricultural workers

who filed compensation claims for systemic pesticide illness.

2.3.2. Other Non Applicator Pesticide Exposed Occupational Groups

The risk of suicide was elevated among aJI categories ofveterinarians.{Boxer 1995} Mabuchi et al.

(1979) found a significant increase in anemia mortality in a cohort of 1,393 workers in an inorganic

arsenical manufacturing plant in Baltimore. Ditraglia et al. (1981) studied the mortality experience

of2 I 00 organochlorine pesticide production workers in 4 manufacturing plants. In the aldrin, dieldrin,.

eldrin plant, there was a significant increase in non-malignant respiratory mortality and a non­

significant increase in suicide. Wong et al. (1984) evaluated workers manufacturing a variety of
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organic and inorganic brominated compounds: only diabetes mortality was significantly ele\'ated

compared with national rates,

There have been numerous mortality studies ofcohorts ofphenoxy herbicide manufacturing workers.

although the majority have focused on cancer. {Amoateng-Adjepong 1995. Bueno_de Mesquita 1993.

Kogevinas 1993, Coggon 1991, Bloemen 1993, Maroni 1993, Saracci 1991. Lynge 1985} In general,

there were no significant increases in the overall mortality, the circulatory system, digestive system.

and respiratory system mortality rates compared with national rates in these studies.

2.3.3. Pesticide Applicators

Among the relatively few chronic disease studies available on pesticide applicators, there is little

information on general causes of mortality. Often, the researchers evaluated only cancer mortality.

{Stark 1990, Wiklund 1987, Wiklund 1988, Wiklund 1986, Wiklund 1988. Barthel 1976, Barthel

1981, Barthel 1985, Kay 1974, Luchtrath 1983, Wiklund 1989, Council on Scientific Affairs 1988,

IARC 1983, Corrao 1989, Tollestrup 1995, Littorin 1993, Saracci 1991, Alavanja 1988. Alavanja

1989, Swaen 1992, Hansen 1992, Figa-Talamanca 1993a, Figa-Talamanca 1993b, Pesatori 1994, Asp

1994, Notkola 1993, Riihimaki 1982, Stein 1964, Morgan 1980, Alberghini 1991} Again, where

there is information, either there is evidence ofthe healthy worker effect, especially with respect to

inappropriate comparison populations, inadequate follow-up, or no significant increases from other

causes ofmortality are found. {Park 1991} As with farmers, in general overall mortality, alcohol and

tobacco-related causes ofdeath are usually decreased among pesticide applicators when compared to

the general population and to many other occupational groups.

Coggon et al. (1986) evaluated the mortality of 5784 workers who formulated, manufactured, and
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sprayed the herbicide. :2 methyl 4 chlorophenoxyacetic acid. from 1947-1983. Atherosclerotic.

respiratory and digestive diseases were not significantly elevated compared to national rates. Swaen

et 01. (1992) found only a non-significant elevation in death from external causes compared to

national rates in a cohort of 1,341 herbicide applicators in the Netherlands from 1980-1988. Mortality

from infectious diseases, circulatory. respiratory, or digestive system diseases was not elevated. Asp

et 01. (1994) analyzed 18 years of follow up in the cohort of 1,909 Finnish herbicide applicators first

studied by Riihimaki et of. (1982, 1983). Compared to national rates, only violent. accidental.

nephritis, and nephrosis deaths were elevated, but not with statistical significance. Smoking data were

available for some members ofthe cohort. Saracci et of. (1991) studied 18,390 herbicide-exposed

workers, ofwhom 5,898 were sprayers, from 10 countries from 1955-1990. No information is given

concerning non cancer mortality among the sprayers; however, for the definitively exposed workers

compared to national rates, only benign and unspecified neoplasms were significantly elevated, while

diseases of the respiratory and circulatory systems were significantly decreased.

Nelson et of. (1973) performed a retrospective mortality study ofthree groups ofpersons established

in 1935 due to known lead arsenate exposure in Washington state, which included

applicators/orchardists, non-exposed women and children, and a group of other workers felt to have

only intermediate exposure. The overall mortality, the stroke mortality, and the heart disease mortality

for orchardists were not increased compared to the other populations. Tollestrup (1995) followed up

on this cohort of 1,225 orchardists. Compared with unexposed consumers, stroke, coronary heart, and

other heart diseases were all insignificantly elevated among only the male orchardists.

First, Wang and MacMahon (1979), and then MacMahon et of. (1988), followed a cohort of 16,124

male pesticide applicators for a total of 17 years. Atherosclerotic, respiratory, and digestive diseases
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were not significantly elevated compared to national rates. Blair el al. (1983) reviewed the mortaJit~

experience of 3827 male Florida pesticide workers from ]965-79. There were no increases in the

overall mortality, the circulatory system, digestive system, and respiratory system mortality rates

compared with national rates. Follow-up by Pesatori et al. (] 994) of the same cohort through ]982

found no increases in the overall mortality, the circulatory system, digestive syst~m. and respiratory

system mortality rates compared with national rates. Morgan et al. (] 980) surveyed 70% ofa cohort

of2620 pesticide exposed workers. Compared to 43% ofcontrol deaths, cardiovascular disease was

the cause of60% ofthe deaths among pest control-fumigators; compared to ]9% of control deaths.

trauma caused 40% ofthe pest control-fumigators' deaths in the study.

Alberghini et al. (1991) evaluated 4,580 pesticide licensed farmers in Italy from] 974-] 987. All cause

mortality was decreased compared to both national and regional population data; only cancer mortality

data were presented. Figa-Talamanca et al. (] 993a) studied 2,3 ]0 male pesticide appl icators licensed

in the province of Rome from ]973 through 1988. In addition. Figa-Talamanca et al. (1993 b)

evaluated the mortality experience of a cohort of ]68 pesticide applicators employed for the

disinfections service ofthe city ofRome for an average of20 years. There was no increase in overall

mortality nor in cardiovascular mortality compared to the general population ofthe province ofRome

for either study. Smoking data were not available.

Cantor and Booze (199 I) found significant excesses in overall mortality and, in particular, from non­

motor vehicle accidents (mostly aircraft crashes) among 9677 aerial pesticide applicators from 1965­

]979. Using a comparison of 9727 instructors, arteriosclerotic heart disease and cirrhosis were not

elevated; respiratory disease and stroke were non statistically significantly elevate~. No ~mokingdata

were available.
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Alavanja et oJ. (1988. 1989) studied two pesticide applicator cohorts in PMRJMOR studies: 1495

agricultural extension agents. and 1.411 forest and soil conservationists. from 1970-1979. Among the

agricultural extension agents, infectious, respiratory, and digestive (including cirrhosis) diseases were

significantly decreased, while circulatory, allergic, and endocrine, and external causes ofdeath were

not significantly elevated compared to US national rates. In the cohort ofconservationists, there were

similar results. Green (1986, 1991) studied the mortality experience of 1222 Canadian forestry

workers for a public utility from 1950-1982. Compared to local province rates. there was no

significant increase in mortality from circulatory, accidents, nervous system and sense organs.

respiratory, digestive, or genitourinary system. Suicide was the only cause of death with a

significantly increased SMR compared to the general Ontario population, although there was a inverse

correlation with length of time worked. Notkola et al. (1993) evaluated 2298 forestry and 772

farmer-forestry workers in 1970, 1975 and 1980, with follow up through 1985, in Finland. Compared

with all working Finish men, forestry workers had significantly increased risk of all causes of death,

circulatory disease, suicide, and other accidents, while farmer-forestry workers had only a non­

significant increase of suicide.

Littorin et al. (1993) studied market gardeners and orchardists in Sweden between 1965-1982.

Compared to regional rates, only mental disorder mortality was elevated, although not significantly;

nervous system, cardiovascular, respiratory, and violent deaths were not increased.

2.4. Cancer

Although the primary hazard to humans associated with pesticide exposure is acute poisoning, there

has been considerable concern surrounding the possibility ofpesticide carcinogenicity in humans.

{IARC 1983, Council on Scientific Affairs 1988, Jeyaratnam 1990, WHO 1990, IARC 1991, Vineis
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)990. Weisenburger) 993. Davis )99~. Maroni 1993} The pesticides which have generated the

greatest concern for possible carcinogenicity include the herbicides (chlorophenoxy acids and

chlorophenols), heavy metals (especially arsenicals), petroleum products (polycyclic aromatic

hydrocarbons), organochlorines (DDT, Chlordane, Aldrin), and several fumigation agents (EDB.

Methyl Bromide). However. many other pesticides and their by-products have proved to be

carcinogenic and/or genotoxic in experimental animals and short-term tests. {Borzsonyi 1984, Council

on Scientific Affairs 1988, Barthel 1983, Kay 1974, Axelson 1987, Falk 1965, Sharp 1986. Terracini

1967, Innes 1969, Nagao 1978, Durham 1972, Garry 1990, Paldy 1987, Rupa 1989, Rupa 1991a.

Rupa 1991 b, IARC 1991, Vineis 1990} Furthermore, work has just begun on the effects of pesticide

mixtures and the individual "inactive" ingredients, not to mention their synergistic effects with the

pesticides and other ingredients.

However, it is difficult to study the carcinogenic effects ofpesticides. As has been mentioned, there

is a large number of individual pesticides and an even greater number of additives, besides the

different formulations and interactions. In addition, there are limitations to typical bioassays (which

are only required for registration of~ pesticides by EPA under FIFRA unless there is sufficient

evidence to justify testing an established pesticide); these bioassays are expensive, there is wide

species and strain variability of susceptibility, and ultimately these bioassays are often judged as

inconclusive evidence when trying to interpret their relevancy for cancer in humans. Finally, the

evaluation oflow level chronic exposures seen with environmental contamination is difficult because

these low level exposures require large numbers of people and long periods oftime to study them

properly. Therefore, as with other groups of chemicals, the workplace and workers, where the

exposures are highest, become the laboratory for evaluating carcinogenicity and other health

effects.{IARC 1983, Council on Scientific Affairs 1988}
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2.4.1. Cytogenetic Pesticide Studies

Before discussing fonnal epidemiologic studies ofpesticide-exposed populations. mention should be

made of several studies which have examined the mutagenic effects of pesticides. Many of the

organochlorine, organophosphate, carbamate, and pyrethroid group of pesticides have been reported

to be positive for genetic and cytogenetic effects in mammalian systems. {Rupa J989. IARC 199 J.

Maroni 1993, Kida 1993} As with other bioassays for the carcinogenicity of pesticides. there are

problems of interpretation with these assays; some of the problems are a lack of confounding

infonnation (especially smoking), as well as the lack of background rates and predictive values. and

small poorly defined study populations. Still, the evidence is suggestive of mutagenic activity with

certain occupational pesticide exposures. {IARC 1991}

The urine of greenhouse workers has been found to be mutagenic using Salmonella testing. {Shane

1988} Sister chromatid exchange (SCE), micronuclei, and chromosome aberrations were found

generally to be increased first in cultured lymphocytes exposed to selected fumigants, and then in the

lymphocytes ofpesticide applicators in various countries after exposure to selected fumigants and

organophosphates through their work. In some cases, there was an apparent dose-response effect.

Confounding infonnation, especially for tobacco use, was not always available.{Garry 1990, Garry

]989, Paldy ]987, Rupa ]99Ia, Rupa ]991b, Nehez ]988, Hogstedt ]980, Yoder ]973, Bolognesi

]993a, Kourakis 1992, De Ferrari 1991, Bolognesi ]993b, Desi ]990} However, smoking cotton field

pesticide and other agricultural workers had significantly greater SCE compared with unexposed

smoker controls.{Rupa ]991 a, Rupa 1991 b, Carbonell 1990} Dulout et al. (] 985) evaluated SCE and

chromosomal aberrations in a population offloriculturists exposed predominantly to organophosphates

with and without the symptoms of chronic pesticide intoxication; the symptomatic group had a

statistically significant increase of SCE frequency, but not ofchromosomal aberrations. Carbonell et
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al. (1993) found similar results in a cross sectional study of agricultural workers and unexposed

controls in Spain, even after adjusting for age and cigarette smoking. Linnainmaa (1983) found

differences in SCE frequency only between smokers and non-smokers in workers exposed to phenox~

acid herbicides and their unexposed controls; Edwards and Priestly{1994) found no increase in SCE

frequency in workers exposed to the organochlorines Aldrin and Dieldrin, consistent with the lack of

genotoxicity of these particular compounds.

Fagioli el al. (1992) evaluated a variety ofcytogenetic and immunologic markers on the bone marrow

for patients with acute myeloid leukemia (AML) with and without a history of pesticide or solvent

exposure. {Cuneo 1992} A variety of recurring chromosomal aberrations was noted onIy in the

exposed subjects. In addition, conventional chemotherapy was ineffective in achieving complete

remission in the majority of the exposed individuals, and they had a decreased mean survival.

compared with the unexposed group. In a case control study of acute acute myelogenous leukemia

(AML), Ciccone el al. (1993) found a statistically significant increase in risk for exposure to pesticide

in women (OR=4.4, CI=1.7- I1.5); furthermore, these pesticide-associated AMLs were more likely to

be in the M4 subcategory. San el al. (1989) and See el al. (1990) used chromosomal aberrations

in Chinese ovary cells as the endpoint to assay the urine of non-smoking orchardists exposed to

organophosphates in Canada. Compared to samples collected prior to the spraying season and from

non-smoking controls, chromosomal damage activity was elevated. Finally, Garry el al. (1992) found

chromosomal rearrangements in fumigant appliers consistent with those associated with non

Hodgkin's lymphoma compared to unexposed controls.

2.4.2. Organochlorines and Breast Cancer

Environmental factors have long been suspected to play an etiologic role in the development ofbreast
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cancer. Recent work by Wolffet al. (1993) and others has highlighted the organochlorines. a diYersc

group ofchemicals used extensively in the past as pesticides and insulating fluids, as possible etiologic

breast cancer agents. {Kreiger 1994, Falck 1992, Westin 1990, Hunter 1993, Wasserman 1976, Unger

1984} These chemicals are not only environmentally persistent, but they are also highly lipophilic.

Thus, persistent levels of the organochlorine pesticide DDTand its metabolites have been measured

in adipose tissue and human breast milk for many years, even after the cessation ofexposure. {Hayes

1991, Levine 1992, Dewailly 1994} Various investigators have hypothesized that the decrease risk

ofbreast cancer associated with early first birth and breast-feeding may be due to the decreased body

burden for the woman of DDT and other organochlorines resulting from breast feeding and the

excretion of the vernix caseosa with birth.{Westin 1990, Wolff 1993, Hayes 1991, Dewailly 1994,

Olszyna-Marzys 1978, Levine 1992} Several of these chemicals and their metabolites, such as the

DDT metabolite DDE, have been shown to be estrogen analogues in mammalian systems. {Wolff

1993, Robison 1982, Robison 1985} Furthermore, as environmentally persistent estrogen analogues,

these chemicals may also be related to reported worldwide decreases in mean sperm counts in human

males, and other male reproductive effects in animals. {Wright 1996}

One set ofobservations to be explained ifbreast cancer and pesticide exposures are associated is that

breast cancer rates are not increased among women agricultural workers, although the numbers studied

have been small. {McDuffie 1994, Zahm 1993, Erickson 1992}

2.5. Pesticides, Cancer and Specific Occupational Groups

In 1991, after reviewing the available literature on occupational exposure to pesticides, IARC

concluded that spraying and application ofnonarsenical pesticides entail exposures that are probably
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carcinogenic 10 humans (Group 2A).{IARC 1991}

2.5.1. Farmers and other Agricultural workers

Agricultural workers are exposed to a variety ofpotential carcinogens, in addition to pesticides. These

include ultra violet radiation from sunlight. nitrates in fertilizers, chronic antigenic stimulation. and

zoonotic oncogenic viruses. {Blair 1985, Blair 1982, King 1986, Borzsonyi 1984. Pearce 1990.

Weisenburger 1993} There have been several PMRlMOR studies. numerous case control studies. and

several large retrospective cohort mortality studies offarmers in different parts ofthe world. {Blair

1985, Blair 1982, Burmeister 1990, Reif 1989, Pearce 1990, Saftlas 1987, Burmeister 1983. Wiklund

1986, Sharp 1986, Wiklund 1983, Cordes 1991, Linet 1995, 'Forastiere 1993, Alberghini 1991,

Delzell 1985, Blair 1993} Overall mortality rates among farmers, even total and certain specific

cancer mortalities such as lung, colon, and bladder, are less than in the general population and certain

other occupational groups. This has been attributed to the healthy worker effect, the active lifestyle

associated with farming. and the decreased prevalence among farmers ofother carcinogens, especially

cigarette smoking and ethanol abuse.

However, consistent increases in several specific cancer types have been found among farmers.

Elevated risks have been reported among agricultural workers for leukemia, Hodgkin's Disease, non

Hodgkin's lymphoma, multiple myeloma, and cancers of the lip and skin (non-melanotic), stomach,

prostate, testicles, ovaries, brain, and connective tissue (soft tissue sarcomas). {Pearce 1990, Blair

1985, Blair 1982, Wiklund 1986, Musicco 1982, Brown 1991, Burmeister 1990, Burmeister 1983,

Saftlas 1987, Sharp 1986, Milham 1976, Milham 1983, Cordes 1991, Gallagher 1984, Zahm1993,

Cantor 1992, Ritter 1990, Linet 1995, Morrison 1992, Viel 1993, Eriksson 1992, Forastiere 1993,

Brown 1993, Weisenburger 1993, Donna 1989, Godon 1991, Alberghini 1991, Smith Rooker 1992,
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Blair 19931 The increases in lip and skin cancers (both melanoma and non-melanoma) ha\e been

attributed to ultraviolet radiation exposure. The increases in stomach cancer have been associated with

increased exposures, through fertilizer contamination and natural deposits, to nitrates. as well as

dietary factors and socio-economic class. Brain cancer was found to be elevated not only in farmers.

but also in children offarmers and in persons living and working in counties with rice. cotton. or wood

production; in a study ofItalian farmers, an increased risk ofglioma was associated with agricultural

work for more than 10 years and since 1960. Ovarian cancer risk was elevated with exposure to

triazine herbicides. The hematologic, connective tissue, and testicular cancers have been variably

associated with exposures to pesticides (especially herbicides) and zoonotic oncogenic viruses. In

particular, the elevated risks of multiple myeloma and prostate cancers have had no consistent

etiologic association among the farmer cohorts studied.

In various countries, leukemia risk has been found to be highest among farmers born after 1900 and/or

dying before the age of 65, which suggests that the increase may parallel the increased use of

agricultural chemicals in this century.{Pearce 1990, Blair 1985, Blair 1982, Wiklund 1986, Brown

1991, Burmeister 1990, Burmeister 1983, Saftlas 1987, Sharp 1986, Gallagher 1984, Cordes 1991,

Loevinsohn 1987, Vie11993, Richardson 1992, Steineck 1986} And in certain studies, leukemia risk

increased with increased reported pesticide use, especially with animal insecticides. In other studies,

leukemia among farmers was also associated with the poultry industry, suggesting a possible link with

the zoonotic viruses involved in fowl leukosis; epidemiologic studies attempting to link increased

leukemia rates with exposure to another zoonotic oncogenic virus, bovine leukemia virus, have been

less successful. Heavy pesticide and fertilizer use have been associated with increased rates of

Hodgkin's Disease and non Hodgkin's lymphoma. as well as multiple myeloma. {Brown 1993,

Eriksson 1992, Steineck 1986, Viel 1993, Zahm 1992}
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There is on-going controversy concerning the relationship between herbicide exposure (specifically

the chlorophenoxy acids, chlorophenols, atrazine. and possibly dioxin contaminants) and soft tissue

sarcomas, non Hodgkin's lymphoma, and other cancers. {Johnson 1989, Blair I990a. Sterling 1986a.

Michalek 1990, Pearce 1990, Blair 1985, Sharp 1986, Hoar 1986, Hardell 19}9. Hardell 1981.

Axelson 1974, IARC 1983, Axelson 1980, Sterling 1986b, Saracci 1991, Persson 1993, Asp 1994,

Kogevinas 1994, Woods 1989, Zahm 1990, Smith 1992, Zahm 1993, Wiggle 1990, Ritter 1990, Davis

1992, Lynge 1985, Garry 1992, Serraino 1992} Due to the extensive use of these herbicides

(especially for "rights ofway"), as well as their presence in Agent Orange and the apparent increases

in the incidence ofboth soft tissue sarcomas and non Hodgkin's lymphoma in industrialized countries.

this controversy has attracted international attention. These associations have been studied not only

in agricultural workers, but also forestry workers, manufacturing workers, pesticide applicators, and

ofcourse, Vietnam veterans and Vietnamese people.

There are methodologic and other concerns with respect to these studies such as small sample sizes

and rare cancers, biases associated with case control studies and variable risk estimates. as well as the

variable presence of dose-response relationships, contamination with dioxin, and the lack of reliable

exposure measures. In addition, many ofthe cohorts, such as the agricultural workers. do have other

concurrent carcinogenic exposures.{Johnson 1989, Blair 1990, Sterling 1986a, Pearce 1990, Vineis

1992, CJohnson 1990, Kelly 1989, Blair 1990a, Blair 1990b, Zahm 1992, Ibrahaim 1991, Munro

]992, EJohnson ]990, Weisenburger 1993, Morrison ]992b, Maroni 1993, Palackdharry 1994, Doe

1994} Recent international studies pooling cohorts ofmanufacturing and spraying workers have found

significant risk for soft tissue sarcomas with occupational exposure to phenoxy herbicides and possibly

their dioxin contaminants; the association for non Hodgkin's lymphoma was generally weaker than
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those for the soft tissue sarcomas. {Saracci 1991. Kogevinas 1994}

Non Hodgkin's lymphoma has been found to be elevated in agricultural workers with exposure to

pesticides other than the phenoxy herbicides, including organophosphates. carbamates. and

organochlorines. The risk of cancer seems to be increased with first exposure prior to 1965. when

protective clothing and equipment were rarely or inadequately used. {Zahm1993. Cantor 1992.

Weisenburger 1990, Wiggle 1990, Weisenburger 1993, Godon 1991} Zahm et al. (1993) found the

risk of non Hodgkin's lymphoma to be especially high for female agricultural workers.

Finally, childhood brain cancer and leukemia have been associated with parental farming and pesticide

exposure. A Finnish case control study of childhood cancer (brain tumors, leukemia, and all other

malignancies) and parental occupation found increased risk for all these categories with parental

occupation offarming for both mothers and fathers. {Hemminki 1981} In Brazil. the risk for Wilm's

tumor was markedly increased for both paternal and maternal agricultural occupations. {Sharpe 1995}

In the San Francisc'o area, Ewing's Sarcoma was associated with paternal occupational exposure to

herbicides, pesticides, or fertilizers. {Holly 1992} Ofnote, in Los Angeles, significantly increased risk

for childhood leukemia was found in homes where pesticides were used; in Baltimore and in Missouri,

an increased risk for childhood brain cancer was significantly associated with home insecticide

application; in Denver, increased odds ratios were found between soft tissue sarcomas and yard

herbicide treatment, and between leukemia and use ofpest strips, among others. Recall bias, relatively

small numbers, and multiple comparisons are unsolved problems in all these case control

studies. {Lowengart 1987, Gold 1979, Leiss 1995, Davis 1993, Weisenburger 1993}

2.5.2. Other Non Applicator Pesticide Exposed Occupational Groups
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Veterinarians. abattoir workers, grain millers, and pesticide manufacturing workers ha\e all been

studied in an effort to evaluate the differential risks for cancer associated with exposure to pesticides

and to some of the other potential carcinogens mentioned above with agricultural workers.

Veterinarians have exposure to fann animals and pesticides, while abattoir workers are predominantly

exposed only to the animals.

Variable increased risks for hematologic malignancies, as well as skin and brain cancers, have been

reported among veterinarians; children of veterinarians may also be at increased risk for childhood

cancer. {Olsen 1991} Problems of relatively small numbers as well as confounding with socio­

economic class are obvious. {Blair 1982} Abattoirworkers have been found to have increases In

Hodgkin's Disease, specifically associated with slaughtering. {Johnson 1986, Pearce 1988}

Alavanja et al. (1990) perfonned retrospective cohort and nested case control studies on a cohort of

the American Federation ofGrain Millers with extensive pesticide exposure, both direct and indirect.

They found non-statistically significant elevations in leukemia, non-Hodgkin's lymphoma, and

pancreatic cancer among workers employed in flour mills; this risk increased with years of

employment for Hodgkin's and pancreatic cancer. Lung cancer was not elevated. By prior

questionnaire data, 31 % ofthe cohort applied pesticides. In the nested case control study ofleukemia,

non-Hodgkin's lymphoma, and pancreatic cancer, the risk of developing non Hodgkin's lymphoma

was twice (OR=4.2) that for the other cancers; "ever work" in the maintenance and elevator

departments was associated with the highest risk of developing lymphoma.

Except for the herbicide manufacturing workers, results from studies of pesticide manufacturing

workers have been generally unrevealing. {Ditraglia 1981, Wang 1979a, Coggon 1986, IARC 1983,
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Sharp 1986, Johnson 1989, Ott 1980, Hearn 1984, Amoateng-Adjepong 1995. Bueno de Mesquita

1993. Lynge 1993, Kogevinas 1993, Coggon 1991, Bloemen 1993, Garabrant 1992. Maroni 1993.

Wong 1984} One major problem has been the low numbers of available subjects exposed to the

manufacture of a particular pesticide or pesticide group, thus limiting the statistical power to detect

increased risks of particular cancers. In addition to multiple exposures, there has been a Jack of

information concerning possible confounding exposures, especially tobacco. This is especially true

for rare cancers such as soft tissue sarcomas. In addition, exposures (except in the case of accidents)

have been much lower than those experienced by agricultural workers and pesticide applicators.

Finally, the majority of the studies have concentrated on herbicide manufacturing workers, as

discussed above. Of interest, a retrospective cohort study by Garabrant et al. (1992) of chemical

manufacturing workers with organochlorine exposure found a statistically significant increase in

pancreatic cancer which increased with duration of exposure and latency since first exposure.

One exception to the lack of startling associations between pesticide exposure and cancer in these

worker groups has been the establishment of an increased risk of lung cancer with exposure to

arsenical pesticides. Although there is no animal model available, arsenic is a known human
J'

carcinogen for skin, lung, liver, and possibly other cancers in a variety of occupational groups

including copper smelter workers and sheep-dip factory workers. Arsenical pesticide male production

workers in two separate studies were found to have a significantly increased risk of lung cancer with

a positive dose-response relationship, although tobacco use information was not available. {Mabuchi

1979, Ott 1974, Hill 1948}

2.5.3. Pesticide Applicators

There have been relatively few epidemiologic studies specifically ofpesticide applicators (summarized
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in Table 1 and the text below). {Axelson 1974. Barthel 1976, Barthel 198 J. Barthel 1985. Barthel

1986. Blair 1983. Coggon 1986. Luchtrath 1983. MacMahon 1988. Morgan 1980. Nelson 1973.

Riihimaki 1982 & 1983. Wang 1979b, Wiklund 1988a. Wiklund 1988b. Wiklund 1989b. Wiklund

1989a, Wiklund 1986b, Wiklund 1986c, Johnson 1990, Green 1986 & 1991. Wang 1981, Corrao

1989, Moses 1989, Wiklund 1988c, Balarajan 1988, Cantor 1991, Tollestrup 1295. Littorin 1993.

Saracci 1991, Alavanja 1988, Alavanja 1989, Swaen 1992, Hansen 1992, Figa-Talamanca 1993a.

Figa-Talamanca 1993b, Pesatori 1994, Asp 1994, Notkola 1993, Thomas 1996}. Most of these

studies have been retrospective cohort studies of cancer incidence or mortality. These applicator

studies have included a variety ofjob categories, including: forestry workers, licensed agricultural

workers, railroad workers, gardeners, horticulturists, orchardists, vineyard workers, termite control

operators, and pesticide applicators.

The variety ofpossible carcinogenic exposures experienced by agricultural workers has already been

discussed. In general, agricultural workers are heavy users of herbicides, and more recently. of

fumigants. Forestry workers and railroad workers are exposed mainly to herbicides. Vineyard

workers and orchardists were heavily exposed to arsenicals until fairly recently; termite control

workers were exposed to certain non-herbicide organochlorines, and increasingly to fumigants.

Pesticide applicators per se have been exposed to: herbicides (especially the chlorophenoxy acids and

the chlorophenols), insecticides (organophosphates and carbamates), non-herbicide organochlorines,

heavy metals (arsenicals and mercurials), and fumigants (EDB, Methyl Bromide). As mentioned

before, throughout the world, the use ofherbicides, fumigants, and organophosphate insecticides has

grown over the past 30 years, while the use of organochlorines and the heavy metals has decreased,

except for specific purposes (such as mosquito and termite control, vineyards, and wood treatment).

{lARC 1983, Council on Scientific Affairs 1988, Maddy 1983, Wiklund 1989a, Personal
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Communication Florida Department of Agriculture 1996. WHO 1990. Moses 1993. Maroni 1993.

fARC 1991, Dich 1989}

The majority of pesticide applicator studies have had overall cancer rates which are somewhat

increased. even when compared to national (rather than worker) populations. Although not usually

statistically significant, a variety ofdifferent cancers are increased among the pesticide applicators in

the above studies, including skin, lung, lymphatic and hematopoietic, bladder, brain, testis and

pancreas (see Table 1).

A major focus ofpesticide applicator research has been the possible association between occupational

exposure to several of the widely used herbicides and the rare soft tissue sarcomas and a variety of

hematopoietic cancers, especially non Hodgkin's lymphoma. Besides the predominantly herbicide

applicator populations (Coggon 1986, Asp 1994, Swaen 1992. Saracci 1991), only Hansen el al.

(1992) among Danish male gardeners, Littorin el al. (1993) in Swedish gardeners and orchardists,

and Alavanja et al. (1989) with US forest and soil conservationists found increased risks ofsoft tissue

sarcoma and/or non Hodgkin's lymphoma. Interestingly, several of the pure herbicide applicator

populations, but only one of the pesticide applicator groups, also have an increased risk of multiple

myeloma; this has been seen in farmers as well. {Riihimaki 1983, Swaen 1992, Figa-Talamanca 1993a,

Coggon 1986, Steineck 1986} Small numbers and limited exposure information makes it difficult to

establish a definitive carcinogenic role from herbicide exposure on the basis ofthese particular studies

alone.

In fact, Hodgkin's lymphoma and leukemia appear to be more common among pesticide applicator,

than farmer, populations. US agricultural extension workers (Alavanja 1980), English forestry
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workers (Balarajan 1988), and Swedish pesticide applicators (Wiklund 1989a) haw an increased risk

of Hodgkin's lymphoma: Wiklund's cohort, a subpopulation comparison revealed that pesticide

applicators had an increased the risk of Hodgkin's lymphoma compared to farmers. Leukemia risk

was elevated in US aerial applicators (Cantor 1990), Danish gardeners(Hansen 1992), Florida

structural pesticide applicators (Pesatori 1994), and English pest control officers (Thomas 1996). The

solvent benzene has been the compound most infamously associated with occupational leukemia risk.

A wide variety of solvents, including benzene, have frequently been used as "inert" ingredients in

pesticides for many years. In addition, pesticide exposure has been associated with aplastic anemia.

as discussed above. {Fleming 1994b}

One ofthe most interesting cancer increases for the pesticide applicator studies is in lung cancer noted

by Axelson et al. (1980) in Sweden, Barthel (1981) in Germany (GDR), Blair et al. (1983) in

Florida, and Green (1991) in Canada. This lung cancer increase does not appear to be associated with

smoking, and has been associated with a dose-response by increasing years ofexposure. although an

increase in lung cancer was noted in the two studies ofthe same cohort ofpesticide applicators cohort

by Wang (1979) with follow-up by MacMahon (1988), but without an apparent dose-response.

No smoking data were available for the original Blair et al. (1983) study, however no increases in

other smoking-related chronic diseases were noted in this cohort; in the Pesatori et al. (1994) follow

up ofthis cohort, with a nested case control study of 54 cases ofiung cancer, the risk of lung cancer

continued with increasing years from first exposure even when controlling for smoking. Only one of

the lung cancer cases was a non-smoker and tobacco use was strongly associated with the risk of lung

cancer; reported exposure to the carbamates (carbaryl, propoxur), organophosphates (diazinon), the

phenoxy acetic herbicides, and DDT was also associated with increased cancer risk. In the Barthel
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(1981) cohort, a simple random sample ofpesticide applicators compared with non-pesticide exposed

men did not have an increased prevalence of cigarette smoking. Wiklund (1989a.b) found low risks

for all cancers associated with cigarette smoking among all licensed Swedish pesticide applicators:

a mail survey of a sample of her cohort showed that these workers had significantly less smoking

prevalence than other occupational groups. Other investigators have found decreased risk from

tobacco-associated diseases, including cancer, in pesticide applicator groups. even when actual

smoking information was not available (see Table 1). Finally, a case control study of occupational

risk factors for lung cancer among non-smoking women in Missouri found that a history of

occupational pesticide exposure was associated with a significantly elevated risk of lung cancer

(OR=2.4, CI=1.1-5.6). {Brownson 1993}

One hypothesis is that the cause of increased lung cancer could be related to exposure to arsenicals,

both as pesticides (such as lead arsenate) and in wood treatment. Moselle wine growers with heavy

exposure to arsenical pesticides have increases in lung, skin, and internal cancers, at least by case

series; in another case series in Egypt, an increased risk for hepatic angiosarcoma was associated with

farmers who had sprayed arsenical pesticides. {Luchtrath 1983, EI Zayadi 1986} Barthel (1981)

attributed at least part ofthe lung cancer increase found in his cohort ofGerman pesticide applicators

to arsenical pesticide exposures. In addition, there are the studies of Mabuchi (1979) and Ott (1974)

of arsenical pesticide manufacturing workers with an increased lung cancer risk. In a retrospective

study of occupational mortality in Washington State, Milham (1976, 1983) found increased lung

cancer in nurserymen and orchardists (there was no separate occupational category for pesticide

applicators); lead arsenate had be~n used heavily in the 1930s by Washington state orchardists.

However, when Wiklund looked specifically at orchardists in Washington State with known 30%

increase in lung cancer, her case control study did not reveal any increased risk associated with
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exposure to lead arsenate when controlling for smoking. {1988b} Nor did Tollestrup el ill. (1995)

find any increase in lung cancer in an overlapping cohort of orchardists exposed to lead arsenate. In

the Brownson (1993) case control study of non smoking women with lung cancer. occupational

arsenic exposure was not associated with an increased risk.

Wiklund (l989a, 1986) pointed out an interesting increase in testicular cancer incidence in her

Swedish cohort. Testicular cancer was increased among all Swedish pesticide applicators with a non­

significant increasing trend of risk with time from license; using agricultural pesticide applicators as

the control group, this testicular cancer risk was even greater among non-agricultural pesticide

applicators. Because there was an increase in the cancer incidence with time, Wiklund postulated that

the concomitant increased use of pesticides and fertilizers might be responsible. Alberghini el al.

(1991) in Italy, Coggon el al. (1986) in the USA, and Pesatori el al. (1994) in the follow-up of the

Blair study also found increased testicular cancer risk among pesticide applicators. Increased risk of

testicular cancer among agricultural workers has been found in some, but not all, case control studies

of testicular cancer. {McDowall 1984, Mills 1984, Sewell 1986} Testicular cancer has also been

associated with solvent use, especially dimethylformamide, possibly as a vehicle for other substances

through its increased skin absorption. {Ducatman 1988, Ducatman 1989, Fleming 1994b} Again, a

wide variety ofsolvents have frequently been used as "inert" ingredients in pesticides for many years.

Brain and nervous system cancers appear to be increased in several pesticide applicator populations.

Multiple studies have found this association including: Figa-Talamanca el al. (1993a) and Alberghini

et al. (1991) in different pesticide licensed populations in Italy; herbicide applicator cohorts studied

by Asp et al. (1994) in Finland, Swaen et al. (1992) in the Netherlands, and Coggan el al. (1986)

in the US; agricultural extension agents in the US (Alavanja 1988); gardeners and orchardists in
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Sweden (Littorin 1993); pesticide applicators in Sweden (Wiklund 1989a): and. structural applicators

in Florida (Pesatori 1994). In Wiklund's Swedish cohort comparing pesticide applicators to fanners

increased the risk of brain cancer in the pesticide applicator subcohort. Brain cancer has been

associated with a number of occupations, including farming. Farmers who worked before 1960 and

with livestock seem to be particularly at risk. {Thomas 1986, Demers 1994. Musicco 1988. Musico

1982, Blair 1985} As mentioned earlier, brain cancer risk may be increased for children whose

parents are exposed to pesticides. {Hemminki 1981, Lowengart 1987, Gold 1979, Leiss 1995. Davis

1993, Weisenburger 1993} As discussed earlier, this is especially intriguing given the possible

increased risk of chronic neurologic diseases such as Parkinson's with pesticide exposure. The

lipophilic and chronicaJly neurotoxic organochlorines are capable of crossing the blood brain barrier

and are stored for years in the highly fatty brain tissues.{Butterfield 1993, Tanner 1990. Schoenberg

1987, Golbe 1993, Rajput 1987, Weschsler 1991, Semchuck 1993, Hubble 1993, Fleming 1994a}

In those studies which report it, skin (both melanoma and non-melanoma) cancer is increased in

several pesticide applicator populations. {Wiklund 1989a, Coggon 1986. Cantor 1990, Corrao 1989.

Morgan 1980, Littorin 1993, MacMahon 1988, Wang 1979, Swaen 1992, Barthel 1986. Thomas

1996) As with the farmer studies, the majority ofthe authors attribute this increase to unprotected uv

light exposure, rather than pesticides. Rosenman et al. (1995) interviewed farmers and their families

in Michigan concerning their knowledge and reported behaviors towards the use of skin protection.

Although over 80% of the population knew about the risk of skin cancer, only 40% of the men and

60% of the women reported protecting their skin when they went outside. Nevertheless, the use of

arsenicals in other occupations is associated with an increased risk of skin cancer. {Cordis 1991,

Forrester 1994}
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Finally, elevated risk of prostate. stomach and pancreatic cancers have all been found in various

studies ofagricultural workforces, as discussed above. These cancers are also increased in several of

the pesticide applicator cohorts: prostate cancer in forest and soil conservationists (Alavanja 1989).

aerial applicators (Cantor 1990), and herbicide applicators (Coggon 1986, Riihimaki 1983. Swaen

1992); stomach cancer in railroad workers (Axelson 1980), German pesticide applicators (Barthel

1986), Canadian forestry workers (Green 1991), Swedish gardeners and orchardists (Littorin 1993).

and English pest control officers (Thomas 1996); and, pancreatic cancer in aerial applicators (Cantor

1990), Italian pesticide applicators (Figa-Talamanca 1993a), and herbicide applicators (Swaen 1992).

As with the farmers, the increases in stomach cancer have been associated with increased exposures.

through fertilizer contamination and natural deposits, to nitrates, as we)) as dietary factors and socIo­

economic class. Pancreatic cancer may be elevated with pesticide exposure, especially with exposure

to the organochlorines. {Fleming 1992, Garabrant 1992} The increase in prostate cancer, also seen

in farmers, has no obvious etiologic explanation, and seems at odds with current theories concerning

the protective effects of vitamin D, {Hanchette 1992} However, it may be due to the decreased

mortality from other causes and increased life span noted with these wo~ker cohorts since prostate

cancer is a relatively common chronic disease in elderly men.

3.0. Conclusions

Pesticides have become an ubiquitous exposure for both workers and the general public due to their

increasing and extensive applications, and their environmental contamination. The acute health effects

of pesticides on humans are we)) documented, if under-reported. Of these. neurologic and skin

diseases are the most important. The chronic health effects are currently being investigated, with

considerable interest focused on cancer, and the chronic neurologic and neuropsychological diseases.
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Genotoxic and some recent general population studies point to the real possibility of carcinogenic

health effects in humans exposed to pesticides. The most obvious groups in which to study the

chronic effects of pesticides in humans are those occupational groups who apply pesticides in high

doses as part of their daily activities.

However, the majority of the chronic disease Studies of various pesticide worker populations have

suffered from a gamut ofmethodologiC problems. Small numbers of subjects have made it difficult

to generalize or draw etiologic conclusions from individual studies due to lack of power. Use of

inappropriate comparison populations (e.g.. the healthy worker effect) and lack of reporting

mechanisms have probably lead to an under-estimation of the magnitude ofthe health effects. A

further limit to the studied populations is that the majority of the studies have concerned only white

males; there is little information available on women or race-ethnic minority groups with occupational

exposure to pesticides. Inadequate information concerning both pesticide and possible confounding

exposures is another problem; with both the pesticide and confounding exposure information. there

are also issues ofrecall bias, surrogate information deficiencies (in the case ofdeceased workers), and

even subject information deficiencies due to the large quantities ofdifferent pesticides used over the

past 40 years. Because most pesticide exposed populations were exposed to multiple different types

ofpesticides, this raises the specter ofmixed pesticides exposures (with synergistic and/or antagonist

effects). Furthermore, it makes the possibility of single exposure studies and related etiologic

hypotheses highly unlikely. With multiple exposures and small study populations, the statistical

issue ofmultiple comparisons leads to questionable conclusions from individual studies. {Doe 1994,

Blondell 1990, IARC 1991, Maroni 1993, Blair 1990a, Blair 1990b, Cordes 1991, Munro 1992,

Richardson 1995, Moses 1993, Council 1988} Overall, adequate quantitation of disease risks

associated with specific pesticides is not possible from existing studies due to methodologic and
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logistic problems.

Nevertheless, in spite of the many methodologic issues, some conclusions can be drawn from the

plethora ofchronic disease studies in pesticide-exposed worker populations. Farmers. manufacturers.

and pesticide applicators are the main worker groups that have been studied. with obvious overlap

between these groups. As with many other occupational populations, these groups tend to be healthier

compared to the general population, especially with respect to cardiovascular disease, and the diseases

associated with heavy tobacco and ethanol use. They are at increased risk from accidents. some ofthis

possibly pesticide-related. Farmers are more likely to die from infectious and non-malignant

respiratory diseases; to the extent that certain pesticides have immunologic effects, pesticide exposure

may contribute towards these risks, although it has not been studied as yet.

With respect to cancer, pesticide applicator groups (as opposed to farmers) have a somewhat increased

risk of cancer compared to the general population and other worker groups in most studies. The

worker populations exposed to the phenoxy acid and other herbicides may be at increased risk for soft

tissue sarcoma and non Hodgkin's lymphoma. Increased skin cancer risk is seen, but may be un­

related to pesticide exposure. Brain cancer appears to be increased not only in these populations, but

possibly in their offspring. Farmers have increased risks ofleukemia, multiple myeloma and prostate

cancer. Pesticide applicators, and arsenic-exposed manufacturing workers, are at risk for lung cancer.

Testicular cancer may also be increased in pesticide applicators. Both farmers and pesticide applicators

can have elevated risks of prostate and stomach cancers. {Maroni 1993, Moses 1993, lARe 1991,

Blair I990a, McDuffie 1994, Alavanja 1994}
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Chapter Three: Data Linkage Methodolo~' and Master Database Description

This chapter describes the databases, the data linkages, and the ultimate criteria used to create a

Master Database for the further statistical analyses. First, there is a description of all the different

databases used. Then, the discussion focuses on the data linkages and revisions performed. as well

as various issues which emerged. Finally, a summary of the demographic and other information

of the Master Database is presented.

1.0. Databases

The core database for this study was the list of pesticide applicators licensed in the State of Florida

by the Florida Department of Agriculture and Consumer Services (DACS) since 1970. However,

in order to locate additional important information (e.g.. date of birth, date of death and/or incident

cancer, etc), linkages with other available databases were performed. A description of each

database is given below.

1.1. Licensed Pesticide Applicators

Under EPA since 1970, the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) requires

that persons who buy or use restricted-use pesticides must be certified as competent pesticide

applicators or must be directly supervised by a certified applicator. Persons who are not certified

pesticide applicators may not purchase or use restricted pesticides unless directly supervised by a

certified applicator (up to 15 persons per certified applicator). Certification requires training-and

written testing for competency in the safe and effective handling and use of these pesticides.

Pesticides are restricted for use under FIFRA if there is a potential for poisoning of humans (in the



formulation. use, or place where used) and/or potential for harm to the environment. Of note.

specific state restrictions for restricted use pesticides can be more restrictive than the federal. {EPA

1980} There are approximately 123 pesticides registered for restricted use in Florida. with only

approximately 50% actually in active use.

Private applicators are persons who use or supervise the use of restricted-use pesticides in

agriculture on property owned or rented by themselves or their employer. Examples of private

applicators are: farmers, ranchers, floriculturists, and orchardists. Commercial applicators are

persons who use restricted-use pesticides for hire on property other than their own. and

government workers (Public applicators) who apply pesticides in their jobs. There is also a

Dealer license to be able to sell the restricted-use pesticides. Officially, a person can only hold

one of these licenses at a given time. The State of Florida, through the Department of Agriculture

and Consumer Services Bureau of Pesticides, requires pennits for the actual pesticide use. These

include Transport Permits, Dealer Permits, and Applicator Certifications.

In addition, until 1995, the Entomology Services in the Florida Department of Health and

Rehabilitative Services (HRS) were responsible for licensing all commercial and personal

certification for general household pest and rodent control, some structural fumigators, termite

control, and lawn and ornamental pest applicators during the study period. Of note, it was this

latter group of pesticide applicators from HRS which was studied by Blair et al. (1983) and

Pesatori et aI. (1994); these are not the pesticide applicators licensed by the Department of

Agriculture which are the subjects of this study.

As of October 1990, there were over 10,000 private applicator licenses, 4500 commercial
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applicator licenses, and 2000 public applicator licenses currently registered in the Department of

Agriculture Bureau of Pesticides Program. These licenses must be renewed every 4 years for a

minimal fee, after the initial license is gained by passing a written examination: renewal is now

dependent on attending continuing education courses, the majority provided by the Agricultural

Extension Services. If the license is not renewed within 60 days at the end of-the 4 year period.

the license is considered no longer valid; however, if the license is subsequently renewed after

some period of lapse, the original license number is assigned.

The certification process for the private applicators has been in effect since 1947. Records have

been stored on computer since 1980. Although in 1970, FIFRA made the licensure a strict

requirement for buying and applying of restricted pesticides, in Florida the first pesticide licenses

were distributed in 1976 with the majority of the total licenses in this cohort given out by 1980.

It should be noted that members of the licensed cohort could have been exposed to the restricted

pesticides prior to the beginning of the licensure process.

The licensure examination is available in English; prior to 1994, it had been available in Spanish.

but this was changed when it was realized that all the pesticide labels are in English. The

examination consists of a cCore which is taken by all applicants, and then specialty sections,

according to which restriction(s) will apply. The Core Examination is taken after 5-6 hours of

instruction in courses approved by the Bureau of Pesticides, often given by personnel of the

Agricultural Extension Services. Private applicators take the Core Examination, as well as

additional certification for aerial spraying; commercial and public applicators take the core

examination and can apply for different application categories.
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There are 13 separate application categories (e.g .. agricultural pest control [plant or animal]. forest

pest control, aerial [sub category of both agricultural and forestry]. ornamental and turf pest

control, seed treatment, wood treatment, aquatic pest control, right-of-way pest control.

industrial/institutional/structural pest control, regulatory, and research and demonstration pest

control) for specific licensure; the applicator can be licensed-in as many categories as s/he is able

to pass the specialty examinations. It is illegal to apply a restricted-use pesticide in a category in

which the operator does not have specific certification. However, under the present system. all

three applicator categories allow the applicator to buy and apply almost any pesticide available.

The hard copy files at the Bureau of Pesticides at DACS contain the following information: nam·e.

social security number, date of birth (added as of 1980 to establish that the person is 2. 18 years

as required by law), residential address and phone number, license number, date of license issue

(first and most recent), date of license expiration. crops/uses, and license certifications. In

addition, the names of the people to be supervised by the Licensee and the Purchasing Agent are

listed. The computer files contain all of the above information, except for the date of birth, the

names of supervisees, and the Purchasing Agent. In addition, the date of issue in the computer

files is the most recent date of issue, not the original date of licensure. The copies of the computer

files can be obtained from DACS for a fee after review by the Bureau of Pesticides at DACS; the

license hardcopies can be viewed in the DACS Bureau of Pesticide Licensure Office in Tallahassee

with permission.

Additional information concerning this database is discussed below, at the conclusion of the Data

Linkage Section.
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1.2. Florida Pesticide Use Survey

Since 1980 the Bureau of Pesticides collects data annually or biannually on specific pesticide use

(pesticide names, amounts and number of acres, dates of use, crops sprayed. application method.

and county where used) by a random survey of }{)OO licensed applicators in Florida using a mailed

questionnaire. The most recent response raie has been 50%. There is no follow~up contact of non­

respondents.

1.3. Florida Cancer Data System (FCDS)

Under the Florida Department of Health and Rehabilitative Services (HRS), the Florida Cancer

Data System (FCDS) has collected all incident cases of cancer diagnosed in Florida Residents since

1980. It is one of the largest statewide, population-based cancer registry systems in the USA,

collecting data on over 80,000 cancer patients per year. There are over 250 hospitals reporting

all their cancer cases to the FCDS annually.

The FCDS estimates that it presently captures at least 95 %of all incident cancer cases in the state

of Florida. The pathology laboratories and free-standing clinics are not required to report to the

FCDS although some do; discussions with FCDS Staff indicate that the cancers which are not

reported to FCDS are melanomas or other skin cancers for which only outpatient radiation or other

treatments are prescribed.

For the FCDS purposes, "cancer" is defined as any malignant tumor which arises as a result of

abnormal or uncontrolled division of cells and is categorized as invasive or non-invasive (in situ);

non-melanoma, basal and squamous cell carcinomas of the skin are not reported to FCDS. {FCDS

1989} There is at most a two year reporting delay for the FCDS.
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The data items collected for FCDS are compatible with national standards set by the cancer

Surveillance Epidemiology and End Results (SEER) reponing program: data are available on age.

gender, race/ethnic group, and cause-specific cancer incidence rates for Florida since 1980.

Individual researchers can apply to the FCDS for access to these data using personal identifiers

such as social security number and name. With this access, tumor-specific diagnosis and histology.

as well as infonnation extracted from the medical records at the time of diagnosis of the cancer

cases on race/ethnicity, marital status, and tobacco use, are available on those subjects found in

the FCDS files. Data linkage is available for a scheduled fee, after applying to Florida HRS.

Association with a state or federal agency is helpful; prior Human Subjects Committee approval

and FCDS peer-review are required.

1.4. Florida Motor Vehicles

The Florida Depanment of Highway Safety (Division of Licensure) has computerized records for

over 12 million Florida residents by name, gender, home address, and date ofbinh. In 1991, the

social security number was first required for licensure; an estimated 75-85 % of licenses currently

have social security numbers. It is estimated that less than 500,000 eligible Florida Residents (ie.

at least 15 years of age without cenain health restrictions) are unlicensed.

Licenses must be renewed every 6 years and the records are cleaned 15 months after failure to

renew; back records are available on microfiche (although not used in this study). Computerized

linkage with other data sets is possible, perfonned by personnel at the Dept of Highway Safety.

Data linkage is available for a fee, after application through the Dept of Highway Safety.

1. 5. Florida Vital Statistics (Death Tapes)
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The Florida Department of Health and Human Services Office of Vital Statistics records have heen

computerized. with complete information from 1970 through 1994 (additional years are added after

February of the following year). With name and social security number. it is possible to access

these records for confirmation of death. Copies of the death certificates for specific individuals

can be obtained for a separate fee per death certificate. The death tapes are available for research

(after clearance through the State Registrar of Vital Statistics) for a fee. Prior approval by external

Human Subjects Committee is required; association with a state or federal agency is helpful.

When the study proposal was first written, the State of Florida Division of Vital Statistics provided

a data linkage service to link smaller databases with the Florida Death Tapes. However, due to

infrequent use, this service was discontinued. After negotiations, copies of the Florida Death

Tapes from 1970 until 1994 were provided to the Investigator for use on this project with a

substantial reduction in fee.

Extensive information is available on the death tapes for successfully linked subjects including: date

of death, date of birth, gender, race, place of death, parental names, various causes of death

(underlying etc), autopsy, injury (at work, place), and marital status; more recently, Hispanic

status, education, veteran, and autopsy findings have been added.

1.6. Health Care Financing Administration (HCFA)

HCFA is a federal agency located in Maryland which performs linkages with their files of all

persons who are receiving or have received Medicare (L65 years) or Disability Benefits (any age

after 30 months of receiving social security disability benefits), including family members. The

name database which includes both active (approximately 38 million) and inactive files has over
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80 million records going back to the, 1960s. The majority of Americans over the age of 65 are in

the HCFA system; exceptions include persons dying before age 65, persons who never apply for

Medicare, persons less than 65 who die within 30 months of applying for disability. cenain federal

employees, and undocumented persons.

Infonnation is available on the gender and race: linkages are made on a regular basis with social

security death tapes, so that vital status infonnation is available. Last residence, birth date, death

date, and location of death are available, as applicable. Vital statistics linkage is completed using

the social security number.

Fonnal application must be made to HCFA with a scheduled fee payment (waived for the

Investigator on this project). Association with a state or federal agency is helpful; external Human

Subjects Committee approval is necessary.

1.7. Epidemiology Resources Inc (ERI)

ERI is a private consulting service in Massachusetts which provides data linkages with the social

security death tapes. A scheduled fee is required for a variety of matching options (exact social

security number, inexact social security number using 7-8 numbers plus parts of the name, and

name match). Infonnation available on.successful linkages include date of birth, date of death, and

state or zip code of last residence. Although not substantiated, ERI claims to have a more

infonnative output than the National Death Index (NDI).

1.8. EQUIFAX

EQUIFAX is a private consulting service in Virginia which provides data linkages using their own
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program, the Equifax National Death Search (ENDS). ENDS includes the social security death

tapes and 127 other contributors including the State Departments of Vital Statistics. the Defense

Department, Rail Road Retirement Fund, etc. The database has over 61.000.000 deaths since

1955 and is continuously updated (allegedly more rapidly than the NDI). A scheduled fee is

required for a variety of matching options. There are also more expensive options. such as using

credit files to detennine vital status and location.

Infonnation available on successful linkages with ENDS include date of birth, date of death. and

state or zip code of last residence, as well as the validity of social security numbers and the source

of the data.

Rich-Edwards et al. (1994) compared the sensitivity and specificity of ENDS with the National

Death Index based on data from the Nurses Health Study. The overall sensitivity of NDI was

98 % and Equifax was 79 %; for women aged 65 and older, the sensitivity was 98 % and 94 %

respectively; for women less than 65, the sensitivities were 94.5% and 60%, respectively. The

specificity of both services was approximately 100%. The difference in sensitivity was believed

to be partially due to the increased matching criteria in the matching algorithm used by NDI

compared with Equifax. The decreased expense, effort (compared with NDI), and the ability to

detect inappropriate social security numbers were stated as Equifax advantages. The authors stated

that the Equifax ENDS linkage was particularly suited to retrospective cohort studies.

1.9. Florida Agency for Heath Care Administration (AHCA)

The Florida Agency for Health Care Administration has a database with records from a)) Florida

in-hospital discharges. The social security number, and sometimes the hospital record number (if
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different from the social security number), are the only personal identifiers: there are no names

available. 1992 was the first year that detailed data were collected: from 1992-1994. there were

1.3 million discharge records/year.

Date of birth and vital status ("death" if a result of the in patient visit, and "alive" based on the

date of hospital or nursing home encounter) are available, as well as gender, ethnicity. payer.

referral source, and discharge disposition.

Data linkage is available for a fee after application approval by social security number and other

variables, if available. Association with a state or federal agency is helpful; internal review and

external Human Subjects Committee approval are necessary.

1.10. National Death Index (NDI)

The National Death Index was recommended by reviewers to obtain death certificates for all

persons who are defmed as "lost to follow-up" after the other data linkages had been accomplished.

NDI provides linkages with deaths from 1979 until 1994 for a scheduled fee. However, due to

lack of monies, this was not attempted. Furthermore, existing linkages as detailed above were

considered to be equal to or better than the ND!.

1.11. Social Security Death Tapes

Attempts were made to link with the Social Security Death Tapes, including obtaining computer

discs (CDS) of the Social Security Death Benefit Records Index from Automated Research Inc.

These CDS include records from 1936 containing over 55,000,000 names with social security

number, name, death date, birth date, and last place of residence. However, these files are
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encrypted so that no more than 6 individuals at a time can be linked. Since the Social Security

Death Tape information was available through several of the databa~es detailed above. funher

attempts were abandoned.

2.0. Data Linkages

All data linkages were performed by the investigators using SAS Version 6.11. The algorithms

of linkage are detailed below. Discrepancies (e.g.. not exact matches) were reviewed individually

by the Investigator for each data linkage.

2.1. Pesticide Licensure Database

The Florida Dept of Agriculture and Consumer Services (DACS) released a copy of the computer

tape of the licensed Florida pesticide applicators from 1976 until 1/1/94. Backfiles from 1988

were also made available, but they did not contribute any new information to the database, and

therefore were not used.

This tape included all applicators in 4 licensure categories (private, commercial, public, and

dealer). The variables available were:

License Number (by license category)
Social security number
Full name
"First" date of licensure (actually most recent date, if re-licensed)
Mailing address (most recent)
Phone number (most recent)
County
State
Purchasing agents
Crop/Application Cenification Category
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The tapes had never been cleaned, and were only updated for the purpose of re-licensure (e.g ..

address, phone number, other people supervised, and application categories). Therefore. the tapes

included all individuals ever licensed in the State of Florida until 1/1/94 since licenses were first

granted in 1976. Of note, the license number was assigned sequentially at time of licensure. and

kept assigned to the same individual, even with renewal. Officially, each individual could only

hold one license at a given time.

Date of birth was never included on the computer tapes; it was collected by DACS on the license

application hardcopies as of 10/82. Gender and race-ethnic group information was never collected

on either the hardcopies or the computer tapes. In addition, some individuals were listed with

initials only for first name, as well as various other designations (e.g .. Jr. Sr. Mrs, II, III),

nicknames, and numerous DACS codes.

The Pesticide Applicators Database was set up by the Investigators in INFORMIX. An unique

numerical code called the II Serial Number II was assigned to each license for the purposes of

database linkage. New variables were created for: updated name, designation (Sr. Jr, Mrs, roman

numeral). updated address. original date of issue. date of birth, race, ethnic group. gender. original

date of issue, record modification date, and data linkage source variables.

Various DACS staff members were questioned concerning the DACS codes, but no one had

worked with the database for more than 6 years; therefore, all DACS codes were eliminated from

the name fields. All 618 licenses with addresses listed outside Florida were eliminated. The less

than 400 Dealer licenses were eliminated since their exposure was believed to be minimal and the

numbers trivial. The following Table summarizes the original uncleaned database.
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License
Private
Commercial
Public

All
26287
9620
JEQl

39708

Florida
26146
9156

..ill8
39090

Social security number was only missing for 11 persons. These were clearly incorrect social

security number (e.g .. 999999999; per DACS staff, these were assigned for missing social security

numbers at time of licensure). These individuals were eliminated from the database since effective

data linkage would not be possible.

Last names were re-formatted (e.g .. delacorte = de la Corte) to allow for more exact data

linkages. Further revisions of the Master Database deriving from data linkages with other databases

are detailed below.

2.2. Licensure Hardcopies (DACS)

Three multiple day trips (12/94, 4/95, 8/95), as well as further review in 7/96, were taken by the

Investigator to review over 10,000 license application hardcopies, and to talk with the staff at the

DACS Pesticide License Bureau facility in Tallahassee. During this time, all available license

hardcopies were reviewed for any subjects missing date of birth after initial data linkage with the

Florida Motor Vehicles, FCDS, and the Death Tapes (see below). In addition, random initial

licensure dates were collected (never greater than one month duration). The hardcopies were also

examined for possible clues as to gender for persons with unknown gender (e.g.. names with

initials only).
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2.3. Florida Cancer Data System (FCDS)

Data linkage of the entire Pesticide Applicator Database was performed twice by the FCDS. Initial

linkage used social security number and SOUNDEX of name; subsequent linkage incorporated

newly obtained date of birth information in an algorithm with SOUNDEX of last name and 7+

digits of the social security number. Linkage provided date of birth. date of-cancer incidence.

gender, race, ethnic group, and type of cancer information, as well as other variables.

2.4. Florida Motor Vehicles

Data linkage was performed once by the Florida Department of Motor Vehicles for the entire

Pesticide Applicator Database, using social security number and SOUNDEX of name. Positive

linkage (e.g.. alive at time of motor vehicle licensure) and date of birth information were supplied

with the linkage.

2.5. Florida Vital Statistics Death Tapes

Data linkage with the entire Pesticide Applicator Database was performed several times by the

Investigators using the Death tapes provided. Before beginning linkage, a Master Death Tape was

created which excluded inappropriate social security numbers, persons who died less than 18 years

of age, or inadequate vital status information. Initial linkage used social security number and/or

SOUNDEX of name to locate dates of birth and death; subsequent linkages for additional dates of

birth and death incorporated an algorithm described below. Linkage provided date of birth, date

of death, gender. race, and cause of death, as well as other information.

2.6. Health Care Finance Administration (lICFA)

Data linkage was performed once by the Health Care Financing Administration for the entire
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Pesticide Applicator Database, using an algorithm of social security number and full name (no

soundex). Positive linkage (e.g .. alive in the database), date of death, gender. race. ethnic group.

o and date of birth information were supplied with the linkage.

2. 7. Initial Lost To Follow-up

After all of the above data linkages, there were over 3800 subjects "Lost to Follow Up", initially

defined as:

a) not licensed in the last 4 years as a pesticide applicator;

b) not licensed in the last 6 years by Florida Motor Vehicles;

c) not dead by the Florida Death Tapes or HCFA files;

d) not with incident cancer by the FCDS; and/or,

e) not alive in HCFA files;

as of 1/1/94. Another issue was the lack of date of birth for 1492 of the lost to follow up subjects.

This smaller data set consisting of only this subset of persons considered initially lost to follow-up

and/or without date of birth was sent for the following data linkages.

2. 8. Epidemiology Resources Inc (ERI)

ERI performed data linkage of those persons considered initially lost to follow-up and/or without

date of birth (see above). The linkage used exact social security number, inexact social security

number using 7-8 numbers plus first initial of the first name and 4-12 characters of the last name,

and a name match. Linkage provided date of birth, date of death, state of last residence, and zip

code of last residence.

2.9. Equifax
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Equifax performed data linkage of those persons considered initially lost to follow-up and/or

without date of birth (see above). The linkage used social security number. Linkage provided date

of birth. date of death, state of death, zip code, and whether the social security number was

adequate with the year it was issued. The linkage found 203 inadequate social security numbers

(ie. they had never been issued by the Social Security Administration).

2.10. Florida Agency for Heath Care Administration (AHCA)

AHCA performed data linkage of those persons considered initially lost to follow-up and/or

without date of birth (see above). The linkage used social security number only since no names

are available. Positive linkage provided date of birth, and the dispositiQn and year the person was

seen in the Florida health care system.

3.0. Creating the Master Database

Prior to beginning the final data linkage to create a Master Database, gender, ethnic, and race

group assignments were made for the whole cohort by the Investigator as described below.

3.1. Gender Assignment

All first names were reviewed. Gender (male, female, unknown) was assigned by the Investigator

using Kolatch's DictionaQi of First Names (1990). Where there were "unisex" names (e.g.. Leslie,

Bobbie, etc.), male gender was assigned arbitrarily since the vast majority of the applicators were

male. In addition, alI names accompanied by a Jr, Sr, or roman numeral (e.g.. II, III) were first

assigned male gender, then alI names accompanied by "Mrs" were assigned a female gender.

Maiden names were included in the updated "first name" field since none of the proposed database
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linkages listed maiden names as separate last names. Nicknames and abbreviations (e.g ..

Wm=William) were replaced with full names where available. Initials (without roman numeral.

Jr, Sr, or Mrs) were assigned "unknown" gender, until further data linkage.

3.2. Ethnic group and Race Assignment

Ethnic group (Hispanic, non-Hispanic) was assigned by the Investigator based on the 1980 US

Census List of Hispanic Last Names (obtained from the Bureau of the Census), as well as a review

of common Hispanic first names. Under-reponing of Hispanic ethnicity is a problem when using

only last names to determine status, especially with persons who are greater than second generation

in the US. {Rosenwaike 1991, Census 1980}

Race (black, white, unknown) was gained through subsequent data linkages. However, there was

not a complete accounting of race for the Pesticide Applicators Database since this information is

not included in all the databases (as noted in the database descriptions above). Therefore, complete

accounting of race is only available for the incident cancer cases and the deaths.

3.3. Issue Date Assignment

The major exposure variables depended on the first and last dates of licensure issue. The most

recent date of licensure issue was available on the DACS computer files of licensed pesticide

applicators. As described above, original licensure issue date was extracted on approximately a

monthly basis from record hardcopies by the Investigator. Since the license numbers are assigned

sequentially, original issue date was assigned randomly by the Investigator within each time period

to all subjects still missing their original issue date. The number of years exposed was thus based

on the DACS computer file year minus the original year of licensure plus 4 years (until 1/1/94)
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since the licenses are held for 4 years.

3.4. Linkage Dataset Review

Before starting the final data linkage to create a Master Database, all matches which were not

perfect by exact social security number and SOUNDEX of last name with first initial were

reviewed individually by the Investigator. If confirming information (e.g .. same name but only

7+ digits of the social security number, or same name plus date of birth when available, and/or

same social security number and gender and date of birth when available) was not available or

inconsistent, then the match was discarded.

3.5. Algorithm

In order to perform the fmal data linkage to create a Master Database, both a hierarchy and an

algorithm were developed. {Newcombe 1988, Neutel 1991}

The algorithm used for the fmal linkage with the Florida death tapes was similar to that used in the

second FCDS linkage. It combined: a) exact social security number, b) exact social security

number and SOUNDEX of the last name; c) 7+ digits of the social security number and

SOUNDEX of last name; and/or, d) 7+ digits of the social security number, SOUNDEX of last

name and first initial. All matches were reviewed by the Investigator as per above.

3.6. Hierarchy

The hierarchy of linking all the different datasets was based on two criteria. The first was to

maximize the use of the data with regards to the proximity of the data source to the actual subject;

the second criterion was the thoroughness of the data linkage.
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The hard copy records culled from Tallahassee were considered the "gold standard" because they

were filled out by the subject him/herself and were hard copy records. The FCDS. although

collected from medical records. has its own external controls for checking the reliability of the

data; in addition, an extensive algorithm as described above, was used to obtain the matches.

Motor Vehicles records are filled out by the subject, but the data linkage is very simplistic. The

Florida Death Tapes originate from death record extraction, and the latter are not filled out by the

subject; however, the algorithm for matching was thorough. HCFA records are derived from state

and federal databases, as are the ERI, EQUIFAX and AHCA databases; the matching algorithms

varied as described above.

3.7. Hierarchy Linkage

The following hierarchies were used in the crescendo of linkages ultimately required to both gain

information (date of birth, date of death/cancer incidence, or vital status) and to establish the

Master Database for the purposes of subsequent statistical analyses.

1) Hierarchy and Source for the Date of Birth and the Follow Up Status Information:
a) for the entire cohort:

Hardcopies (3 trips);
FCDS;
Motor Vehicles;
Florida Death Tapes;
HCFA;

b) for only the Initial Lost-to-Follow-Up subset:
ERI;
Equifax;
AHCA;

2) Hierarchy and Source for the Gender Information:
a) for the entire cohort:

FCDS;
Florida Death Tapes;
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HCFA;
Assignment by Investigator (as described above);

b) for only the Initial Lost-to-Follow-Up subset:
Equifax;

c) In addition, matches with the other databases, which gave full first names where only
initial first names were available, were used by the Investigator to determine gender in
some cases (as detailed above).

3) Hierarchy and Source for the Race Ethnic irouP Information:
a) for the entire cohort:

FCDS;
Florida Death Tapes;
HCFA;
Assignment by Investigator (as described above);

b) for only the Initial Lost-to-Follow-Up subset:
no relevant database available;

4) For Cancer Incidence and Death Information:

Cancer incidence data were only available from the FCDS. Cause-of-death data were only

available from the Florida Death Tapes, although limited date-of-death data were available from

HCFA, hardcopies, ERI, EQUIFAX, and AHCA.

Cancer incidence and deaths were only included for the study period 1/1170-1/1/94, because there

was incomplete death ascertainment after this period. All cases of cancer found in the death tapes

were also found in the FCDS data linkages.

4.0. Final Database Revisions

Ultimately, to be a subject in the Master Database, the individual had to:

1) be aged 18 years or older at the date of first licensure;
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2) have a valid social security number;

3) be assigned a gender category;

4) have a designated vital status (including cancer incidence) only during the study period (111170­

1/1/94) in Florida; and,

5) have a binh date assigned from one of the database categories (by hierarchy as per above).

Therefore, the Master Database was funher revised to address the following issues (Table 2).

4.1. InitiID Lost to Follow-Up

Any subject initially defined as "lost-to-follow-up" (see above), and not found by the ERI and

Equifax or was found by the AHCA linkages, was considered to be alive at the time of study

closure (1/1/94). These people were included in the Master Database if a date of birth was

available.

4.2. Duplicates

Individuals with multiple licenses in different categories were identified by a merge using same

social security number and SOUNDEX on name; if the other available information were the same,

then this was considered to be a single individual with multiple licenses. Licenses were also

reviewed and cleaned by the Investigator for duplicate names with different social security numbers

and vice versa; if address and other available information were the same, then this was considered

to be a single individual with multiple licenses. These names were flagged to keep only the earliest

license category per individual to avoid duplication in the analysis.

4.3. Unknown Gender
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Persons with unknown gender after hierarchy linkage were eliminated from the Master Database.

4.4. Other Database Revisions

Persons who were less than 18 years of age at time of first licensure (ie. inclusion in the cohon)

or time of death were also excluded. Death dates and cancer incidence dates-after 1/1/94 were

removed because there was incomplete infonnation available for the entire cohon after this date

due to reponing lag in the various databases; these individuals were assumed to be alive and

without cancer for the duration of the cohon. Persons with inadequate social security numbers (ie.

per Equifax match) were eliminated.

4.5. Out of State Deaths

Persons with out-of-state deaths were eliminated from the study because of lack of time and monies

to ascertain authenticity and exact cause of death.

4.6. Non Death Tape Dates of Death

128 deaths were found in HCFA, ERI, EQUIFAX, and AHCA which were not readily found in

the Death Tapes. Out-of-state deaths were removed as per above. Rematch with the Death Tapes

was perfonned. Unmatched allegedly Florida deaths were sent to HRS Vital Statistics for rematch.

Where matches from either source were found, the dates of birth (and other relevant infonnation)

were added to the Master Database.

4.7. Date of Birth

After the hierarchy data linkage, there were additional individuals without date of birth due to the

tighter matching and "cleaning" (as described above). Rematch with HRS using looser criteria,
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and individual review was performed. Review of the hard copies for these new individuals was

performed by the Investigator; the majority were found to be individuals licensed prior to the

collection of date of birth information. Where matches from either source were found. the dates

of birth (and other relevant information) were added to the Master Database.

The same subgroup was also sent to Equifax for another ENDS linkage, as described above. There

were 75 incorrect social security numbers; there were 75 matches with only 32 records which were

confirmed in the Master Database and in state deaths. Out-of-state deaths were removed as per

above. Rematch with the Death Tapes was performed. Unmatched allegedly Florida deaths were

sent to HRS Vital Statistics for rematch; 18 persons were identified and found to be excluded by

initial Death Tape screening due to incomplete data. Where complete matches from either source

were found, the dates of birth (and other relevant information) were added to the Master Database.

Ultimately, the 2664 (8 %) persons still without date of birth were eliminated from the Master

Database. Unfortunately, the majority of these persons (>95%) were from the early license years

from 1975 until 1982 since date of birth was not collected at that time by DACS.

5.0. Master Database

As stated above, individuals in the Master Database must meet the following criteria (database

sources given in Table 3):

1) aged 18 years or older at date of first licensure;

2) have a valid social security number;
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3) be assigned a gender category:

4) have designated vital status (including cancer incidence) only during the study period (1/1170-

1/1/94) in Florida; and,

5) have a birth date assigned from one of the database categories (by hierarchy as per above).

By the multiple data linkages described above, the following information was available on all

subjects in the Master Database:

Database Serial Number
License Number (indicates License Category)
Name
Social Security Number
Date of Birth
Address*
Phone Number*
Original Date of License Issue
Last Date of License Issue
Gender
Hispanic/Non Hispanic
Race (limited information)
Application Category
Cancer Incidence (etc., where applicable)
Date of Death (etc., where applicable)

*at time of last licensure (although for those individuals with cancer incidence and/or death
data, additional data were available)

5.1. Master Database Summary

The following is a summary of the available variables for the final cohort, as well as a similar

summary for the subsequent studies including the cancer incident cases, the deaths, and the

Proportionate Mortality Ratio (PMR) subpopulations.

5.1.1. Overall:
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Out of 39,090 original licenses, there were 37,072 unduplicated licenses by social security number

and name. Any license without a date of birth, missing information including gender, date of death

or licensure before 18 years of age, or with an out-of-state death was excluded from the final

. cohort. There were 34,211 (92 %) unique individuals for whom there was complete information.

Of these, there were 3556 (10%) women and 30,655 (90%) men.

Using last name assignment as described above, only 1392 (4%) of the cohort were Hispanic; the

distribution by gender and Ethnic group can be seen in Table 4. As seen in Table 5, the Hispanics

were significantly younger at first licensure (37.05+ 11.84) and at death (61.91 + 13.67), and were

licensed on average less (5.25+3.45) than non Hispanics. Information on race was only available

for 7417 (22 %) of the cohort; the majority of these individuals (97 %) were white.

The mean age at first licensure issue was 39.26+ 13.19 with a range of 18 to 89 years; the mean

age at first licensure for the women was significantly younger than for men by nest (Table 6). The

mean number of years licensed was 6.93+4.27 with a range of 1 month to 19.64 years; for the

women, the mean number of years licensed was significantly less than the men by two group t-test.

Although licenses were issued in all the Florida counties, the greatest number of licenses (29 %)

were issued in some of the most populous counties: Dade (7.59%), Palm Beach (6.24%),

Hillsborough (5.62%), Orange (4.98%), and Polk (4.67%).

Of the different types of licensure, 23,301 (68%) were Private licenses, 7691 (23%) Commercial,

and 3219 (9 %) Public licenses. As seen in Table 7, the Private licenses were significantly older

at first licensure (41.43+ 13.66) and at death (67.57±,12.52), and were licensed on average

significantly longer (7.52+4.38) than the Commercial and Public licenses; Table 8 shows the
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different licensure distributions by gender. There are 15 categories of licensure for which specialty

examinations are necessary; there were only 12,517 certifications listed, with multiple certifications

for some individuals. Ornamental plant care (40 %) and aquatic application (18 o/c ) were the most

frequent certifications (Table 9).

5.1.2. Cancer Incidence:

There were 1266 (4 %) cases of incident cancer as of 1/1/94. There were 107 (8.5 %) women and

1159 (91.5%) men. Using last name assignment as described above, only 33 (2.5%) of the

incident cancer cases were Hispanic; the distribution by gender and Ethnic group can be seen in

Table 4. Information on race was available for this sub-cohort of persons with incident cancer;

the majority of these individuals (97 %) were white.

The mean age at first licensure issue was 54.87 + 11.41 with a range of 19 to 86 years, with the

women licensing at a significantly younger age than the men by nest (Table 6). The mean number

of years licensed was 8.80+3.67 with a range of 0.80 to 17.99 years; again the women had

significantly fewer years of licensure exposure on average than the men by ttest (Table 6).

Although licenses were issued in all the Florida counties, the greatest number of licenses (30 %)

were issued in Dade (8.10%), Palm Beach (5.17%), Hillsborough (5.87%), Orange (5.24%), and

Polk (5.10%) counties.

Of the different types of licensure, 1060 (84 %) were Private licenses, 128 (10 %) Commercial, and

78 (6 %) Public licenses; Table 8 shows the different licensure distributions by gender. There are

15 categories of licensure for which specialty examinations are necessary; there were only 312

certifications listed, with multipl,e certifications for some individuals. Ornamental plant care

64



(34 %). aquatic application (16 %). and row control (14 %) were the most frequent certifications.

51 8 (41 %) of those with incident cancer had died by 1/1/94; all cases of cancer death found in

the death tapes were present through the FCDS data linkage.

5.1.3. All Deaths:

There were 1875 (5%) deaths in this cohort as of 1/1/94. The mean age at death was

65.92+ 13.65 with a range from 21 to 99 years. There were 97 (5%) women with a mean age at

death of 62.61 +15.43 with a range from 22 to 99 years; 95 % of the deaths were in men, with a

mean age at death of 66.14+13.54 with a range from 21 to 99 years. The women died at a

significantly younger age than the men by two group t-test (Table 6).

Using last name assignment as described above, only 44 (2 %) of the cohort were Hispanic; the

distribution by gender and Ethnic group can be seen in Table 4. Information on race was available

for 1873 (99 %) of the cohort; the majority of these individuals (96 %) were white.

The mean age at first licensure issue was 56.38,±12.42 with a range from 18 to 99 years; the

women licensed at a significantly younger age than the men by two group t-test (Table 6). The

mean number of years licensed was 8.18+2.98 with a range of 1.83 to 17.90 years; the women

had significantly less licensure years exposure than the men (Table 6). Although licenses were

issued in all the Florida counties, the greatest number of licenses (28 %) were issued in Dade

(7.47%), Palm Beach (5.07%), Hillsborough (7.31 %), Orange (3.89%), and Polk (4.80%)

counties.
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Of the different types of licensure, 1613 (86%) were Private licenses, 172 (9%) Commercial. and

90 (5 %) Public licenses; Table 8 shows the different licensure distributions by gender. There are

15 categories of licensure for which specialty examinations are necessary; there were only 305

certifications listed, with multiple certifications for some individuals. Ornamental plant care

(32%), aquatic application (18%), and institution/industry/structure (16%) were-the most frequent

certifications.

5.1.4. PMR/MOR Subcohort:

The PMRIMOR subcohort by definition contained only the 1696 white males whose date of death

was 18 years or greater. There were 43 (3 %) Hispanics in this group (Table 4). The mean age

at death was 66. 17±.13.58 with a range of21 to 99 years. The mean age at licensure issue was

56.59+ 12.39 with a range of 18 to 88 years; the average number of years licensed was 8.24+3.00

(range 1.83-17.90) (Table 6).

Of the different types of licensure, 1457 (86%) were Private licenses, 158 (9%) Commercial, and

81 (5%) Public licenses (Table 8). Although licenses were issued in all the Florida Counties, the

greatest number of licenses (29%) were issued in Dade County (7.78%), Palm Beach (5.13%),

Hillsborough (7.43%), Orange (3.60%), and Polk (4.89%) Counties. There are 15 categories of

licensure for which specialty examinations are necessary; there were only 208 certifications listed,

with multiple certifications for some ipdividuals. Ornamental plant care (31 %), aquatic application

(18%), and institution/industry/structure (17%) were the most frequent certifications.

5.1.4. Exposure Information:

Checkoway et al (1989) recommends the use of the following measures of exposure when
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individual exposure data for occupational cohorts are limited: the number of years of exposure.

the first calendar year of exposure (ie. year of entrance into the cohort). and the age at first

calendar year of exposure. In the case of this cohort, these exposure measures can be translated

as: the number of years of licensure, the first calendar year of licensure, and the age at first

licensure. The frequency distributions for the entire cohort, the deaths. and the incident cases of

cancer for number of years licensed by first calendar year of licensure can be seen in Table 10.

For the overall cohort, the numbers of individuals entering the cohort in 5 year intervals is

relatively evenly distributed throughout the cohort time period from 1975-1994. As seen above

with the mean number of years of exposure and the mean age at first licensure (Table 6), this

cohort has relatively little exposure based on the licensure information available.

Examination of the distribution of the exposure measures for the various calendar year subcohorts

(ie. 1975-79, 1980-84, etc) showed similar distributions of the exposure measures (Table 10). As

would be expected, the majority of the deaths (72 %) and the cases of incident cancer (68 %)

occurred among those persons in the earliest subcohort from 1975-1979.

Examination of the exposure measures for correlation (Table 11) reveals that for all three groups

(ie. Entire Cohort, Deaths, and Incident Cancers), the number of years licensed and the first

calendar year of licensure are highly correlated with a Pearson Correlation Coefficient =0.78 for

the entire cohort; the other exposure measures were not highly correlated. Similar correlation

relationships are seen for the subcohorts (eg. 1975-1979).

6.0. Conclusions
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A computerized database of licensed Florida pesticide applicators was obtained from the State of

Florida DACS. Through multiple data linkages and hard copy review described in detail above.

vital statistics information was obtained for the 34,211 (92 %) unduplicated licenses with age 18

years or older, a social security number, and an assigned gender. Ultimately. the 2664 (8 %)

persons still without date of birth were eliminated from the Master Database~ The majority of

these persons (> 95 %) were from the early license years from 1975 until 1982 since date of birth

was not collected at that time by DACS.

afthe 34,211 subjects in the Master Database, there were 3556 (10%) women and 30,655 (90%)

men; additional demographic information has been summarized above. There were 1875 (5%)

deaths in this cohort as of 1/1/94. There were 1266 (4%) cases of incident cancer as of 1/1/94;

518 (4] %) of those with incident cancer had died by 1/1/94. Additional analyses are described

in subsequent chapters.
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Chapter Four: Statistical Methodology

This chapter discusses the methodology and results of four separate but related analyses of the

cohort of licensed pesticide applicators in Florida. Three of these analyses are mortality studies:

a Proportionate Mortality Ratio (PMR) study, a Mortality Odds Ratio (MOR) study. and a

retrospective cohort study of general mortality (including a standardized mortality study (SMR)

and Cox proportional hazard analysis). The fourth study is a retrospective cohort study of cancer

incidence (including a standardized incidence study (SIR) and Cox proportional hazard analysis).

In addition to the specific statistical analyses, the comparison populations are described: the general

Florida population, and PMR and SMR subpopulations from the National Cancer Institute (NCI)

and National Institute of Occupational Safety and Health (NIOSH) Computerized Occupational

Referent Population System (CORPS).

1.0. Methodology

PMR and MOR studies have been used in occupational epidemiology. {Checkoway 1989. Monson

1990, Steenland 1993, Breslow 1987} They are performed as a preliminary analysis, "hypothesis

generating", to seek disease-exposure associations when cause of death information (e.g .. Death

Certificate) is available, but little else. SMRs and SIRs have been used extensively in occupational

epidemiology in the analysis ofretrospective cohort studies. More recently, Cox proportional hazard

analysis has been utilized to fit regression models to cohort data. {Checkoway 1989, Monson 1990,

Breslow 1987,Kleinbaum 1988}'

1.1. Proportionate Mortality Ratio (PMR) Studies

PMR studies' are conducted because they are relatively easy and inexpensive to perform, compared



with a full cohort study. The proportion of a specific disease mortality to all other causes of death

mortality for the population of interest to the same proportion for the referent or comparison

population. As opposed to SMR studies, PMR studies are interested in counts of deaths. not

person time. Furthermore, information concerning the survivors is not necessary. only the deaths.

Specific Disease
Other Causes

Study Population
a
k
a+c

a/a+c
PMR == ---------­

blb+d

Comparison Population
b
.d
b+d

PMRs can also be thought of as observed over expected where "a" is the number of observed

deaths.

PMR==
a

---------------------- ==
(a +c)(blb+d)

Observed

Expected

To the extent that age and calendar year-specific information are also available, the PMR can be

standardized as follows {Mieninen 1972}:

Ia j

Standardized PMR == ----------------­
Ib; (aj+c)/(bj+d)

The confidence interval is calculated similar to the confidence interval for the Standardized

Mortality Ratio study (SMR), as discussed below, using a Poisson distribution when the observed

observations (ie. "a") are less than 50; otherwise, the 95 % confidence interval is calculated as

{Anders 1993, Kyle Steenland PhD (NIOSH) personal communication, Wiklund 1983, Ahlborn

1993} :

PMR ±. 1.96 (PMR/Expected)'h
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The PMR is attractive because under certain circumstances. it can approximate an SMR.

especially when the cause of death of interest is rare. In general. if the all cause mortality of the

SMR is approximately equal to one, then the PMR is approximately equal to the SMR.{Decloufle

1980, Wong & Decoufle 1982, Wong 1985} A further discussion of this issue is given below in

the SMRISIR section.

However, PMR studies can be highly biased by a number of factors. If the ascertainment of death

is incomplete. a bias could be over-reporting of a particular cause of death. For example, as

Checkoway et al (1989) point out, this can happen with worker groups when a particular disease

is compensable or of particular concern. Therefore, a fairly complete or at least representative

sample of deaths for the cohort needs to exist. In addition, the PMR assumes that the exposure of

interest does not affect the "other causes" of death. More worrisome is the arbitrary effect noticed

by Miettinen and Wang (1981) of the dependence on the size of the "other causes" of death.

Unless the disease of interest is a relatively rare disease, an undue increase in a particular disease

can in tum significantly decrease the number of "other causes" of death. For example, if a large

number of workers die of cancer, then there are fewer workers to die of "other causes" which

unduly increases the proportion of cancer deaths in the worker population compared to the referent

population. The reverse situation may occur when comparing a young relatively healthy working

population to the older generally less healthy referent group of the general population (a.k.a. a

form of the healthy worker effect). One approach to this problem is to perform a PMR within a

disease grouping, for example cancer (ie. The proportionate cancer mortality ratio (PCMR», since

cancer is believed to be generally less affected by the healthy worker effect than cardiovascular

disease.{Checkoway 1989, Steenland 1993, Breslow 1987}
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1.2. Mortality Odds Ratio (MOR) Studies

Another approach proposed by Miettinen and Wang (1981) is the calculation of the monality (or

morbidity) odds ratio (MOR). {Checkoway 1989, Monson 1990. Steenland 1993}

The MOR specifically addresses the criticism of the biased proponion of "other causes" in the

PMR. Instead of comparing a specific disease to all "other causes", for the MOR a specific disease

is selected which is believed to be unaffected by the exposures of interest and equally biased by

the healthy worker effect. For example, atherosclerotic heart disease (AHD) has not been found

to be increased in pesticide exposed populations, as discussed previously: in fact, AHD is usually

less in pesticide working populations, probably due to the effects of the healthy worker effect. The

logic of Miettinen and Wang (1981) is to treat the MOR as a type of modified case control study

in which the cases are the exposed population and the controls are the comparison population. The

point of the MOR is to evaluate the ratio of the "exposure odds" for the disease of interest

compared to the other unrelated disease.

Specific Disease
Chosen Other Cause
Total

Exposed
a
£
nl

ale ad
MOR=------- = ------

bid bc

Non Exposed
b
Q

110

To the extent that age and calendar year specific information are also available, the MOR can be

standardized as follows {Spiegelman 1983}:

La,
Standardized MOR = ------------­

Lbjc/dj
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The 95 % confidence interval of the standardized MOR is calculated as:

UL=Standardized MORo +J96/X)

LL=Standardized MORO-l.96
!X)

where the Mantel Haenszel X is calculated as:

Iaj- Im1inJTj
X=----------------------

[Inlinoimlimo/T2j(Trl)]'"

In the MOR study, described below and in Chapter Five, ASHD (atherosclerotic heart disease

including congestive hean disease(CHD» rather than AHD (atherosclerotic hean disease without

CHD) was used as the comparison disease because this category existed for both comparison

populations (ie. the general Florida population and the National Cancer Institute (NCI)

Computerized Occupational Referent Population System (CORPS) database) using the ICD

diagnosis codes (see Tables 12 and 13) as per the National Institute of Cancer (NCI) classification.

The PMR for this disease category was also approximately equal to one.

1.3. Standardized Mortality Ratio (SMR) and Standardized Cancer Incidence Ratio (SIR)

The SMR and SIR studies are used in occupational epidemiology when a suitable unexposed

comparison group is not easily available ~r is inadequate due to small population size. Therefore,

these studies often use comparison rates from the general population. The advantage of the general

population rates is that they are usually relatively easy to obtain, and these rates are stable due to the

large population size. The disadvantage ofusing general population rates is obviously the bias ofthe

healthy worker effect, as well as other biases such as significant group differences in socia-economic

class, smoking, diet, and other confounding variables.{Checkoway 1985, Fox 1976, Gilben 1982,
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Monson 1986. Wickramaratne 1987 J

SMR is a ratio of the rate for a particular cause of mortality in the exposed population divided by the

rate for the same cause in the comparison population; the SIR is a similar ratio but only of cancer

incidence. Thus, the following discussion will refer only to SMRs but apply equally to SIRs. unless

specifically noted. SMRs are usually indirectly standardized, often for gender. age and calendar year.

Breslow and Day (1987) define age-adjusted SMRs as a weighted average of the age-specific rate

ratios where the weights are the expected number ofdeaths for the illl age group. SMRs are calculated

as the ratio ofthe observed over expected, where a j is the number ofpersons with a specific cause of

death in the illl stratum ofage and time, and E(a j ) is the expected number ofpeople based on age and

calendar year-specific general population rates for that specific cause of death.

La; Observed
SMR = --------- x 100 = ------------------- x 100

LE(a j ) Expected

Obviously, the SIR would consist ofa similar formula except that a j is the number of persons with

a specific cause of cancer incidence in the illl stratum of age and time, and E(a j ) is the expected

number of people based on age and calendar year-specific general population rates for that specific

cause of cancer incidence.

It can be argued that SMRs are similar to the proportionate mortality ratio (PMR) studies since they

are the percentages of disease in the exposed compared with the comparison population. However.

the computation of the SMR involves considerable more information to develop. In addition to the

disease-specific cause ofdeath, the SMR requires the minimal knowledge of individual dates ofbirth,

dates ofdeath, and most important, the individual years ofexposure. Using this information, person-
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year exposure data are assembled for each individual in the cohort and then summarized by age and

calendar year groupings (usually by 5 year intervals) for each disease-specific cause of mortality.

Separate tables are created with the same stratum groupings for the actual numbers of deaths (ie. aJ

as well as similar tables for the rates of the comparison population. Then. the person-years in each

stratum are multiplied by the comparison population rates in each stratum to create the expected

number of deaths ( ie. E(a j». After summing the observed and expected, the ratio is created. by

convention multiplied by ]00.

As described in Chapter Three, all persons included in this cohort analysis had a date of birth, dates

offirst and most recent licensure, one licensure category assignment, and gender information: they

were considered to be alive at the end of the study period, unless data linkage with the Florida HRS

Death Tapes had revealed a date and cause ofdeath. For the SMR study, person-years started upon

the first calendar year and month of licensure, and ended with the date ofdeath or at ]/] /94, the end

of the study period; for the SIR study, person-years started upon the first calendar year and month of

licensure, and ended with the date ofcancer diagnosis, the date ofdeath or at ]/]/94, or the end ofthe

study period. The age and calendar year groupings are in 5 year groups, starting with age 20 in ]975.

As discussed above, the PMR is considered to be an approximation ofthe SMR, especially when the

• cause of death of interest is rare. In general, if the all cause mortality of the SMR is approximately

equal to one, then the PMR is approximately equal to the SMR.{Decloufle 1980, Wong &

Decoufle 1982, Wong et af 1985} However, these assumptions, especially with the general

population as the comparison population for a working study population, are not always met.

Furthermore, the incorporation ofindividual person-year data, not found in the PMR, renders the SMR

a more detailed and stable risk measure. As a weighted average of the ratios, the weights minimize
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the variance of the weighted average; the standard error of the SMR depends on the fluctuations

of the total number of deaths (Ia.). rather than the age-specific numbers of deaths. Breslow and

Day (1987) point out that this quality makes the SMR less sensitive to small population sizes and

unstable rates in particular age and calendar year strata .

The 95 % confidence interval were calculated for the SMR in the following way, assuming a

constant denominator {Rothman 1979, Checkoway 1989, Kelsey 1996}:

LL= Obs [1-1/9(obsHZ/3)O/obs)112]3
Exp

UL= (Obs+ 1) [l-1I9(obs+ I}-(Z/3)O/obs+ 1)112]3
Exp

in which Obs is the observed number of deaths (the SMR numerator), Exp is the expected number

of deaths (the denominator of the SMR) and Z is the standard normal deviate specifying the width

of the confidence interval (ie. Z =1.96 for the 95 % confidence interval).

SMRs cannot be compared between subpopulations of the same cohort, due to differing

distributions of confounder variables and the process of indirect standardization inherent in the

SMR. Therefore, the different subpopulations (by gender andlor licensing category) are presented

without comparison in tables (see below). In' the Cox proportional hazard analysis, these

subpopulations are included in the analysis as covariables.{Checkoway 1989, Breslow 1987}

1.4. Cox Proportional Hazard Analysis

Rather than perform multiple "stratified" SMR (or SIR) analyses for the exposure measures and other

variables, Cox proportional hazard analysis allows the simultaneous incorporation of multiple
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variables (using only internal subpopulations as comparison groups), as well as the incorporation of

time. {Checkoway 1989. Monson 1990. Breslow 1987. Kleinbaum 1988. Cla)ton 1993. Kelsey 1996.

Cox 1975} In particular, age is a major confounding variable when examining mortality or cancer

incidence rates in working populations since these rates rise rapidly with age. In addition, in this study

(as well many occupational studies),the inexact measures ofduration ofexposure (ie. num ber ofyears

licensed and calendar year of licensure) are heavily correlated with time in the study. Therefore. as

recommended by Breslow et al (1983), Checkoway et al (1989), and Kelsey et al (1996). in

performing the Cox proportional hazard analysis for this mortality study, age is made the outcome or

"time" variable, rather than the traditional variable of follow-up or survival time. In this way.

confounding by age is tightly controlled due to the extensive stratification on age implicit in the Cox

proportional hazard analysis: the model creates a stratum for each case. In other words. each person

who dies is compared to all other persons at risk who are the same age in the same calendar period,

regardless ofexposure duration. In the model, 10-year birth cohorts are entered as a stratum-specific

covariable starting in 1900. Other variables of interest (such as calendar year of cohort entry, years

of exposure, gender,and licensure type) can be controlled as covariables in the model.

The general form ofthe Cox proportional hazard analysis in which age is the outcome variable can

be written as: {Checkoway 1989, Monson 1990, Breslow 1987, Kleinbaum 1988. Clayton 1993.

Kelsey 1996, Cox 1975}

A(t)
----- =exp (b1X 1 + b2X2 + + bjX)
Ao(t)

where t is age, A(t) is the incidence rate at age t in persons with specified values of XI' X2, ........ , Xj;

and Ao(t) is the unknown incidence rate at baseline at age 1. Of note, according to Checkoway et al
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(1989), the Cox proportional hazard model is very similar to Poisson regression except that Poisson

involves only a few strata.

It should be noted that there is no external comparison group for the Cox proportional hazard analyses:

the cohort is its own comparison group.

1.5. Other Issues

SAS Version 6.11 was used to perfonn all the database manipulations and the statistical analyses,

including macros developed to perfonn the PMR, MaR, SMR, SIR, standardizations, and

statistical significance calculations, including Proc LIFETEST and Proc PHREG..

The ICD diagnosis codes were standardized to the 8th Revision (see Tables 12 and 13) as per the

National Institute ofCancer (NCI) classification to ease comparison when using the NCI CORPS

data (see below). Of note, this did restrict the examination of some subgroupings of diseases; for

example, for infectious diseases, only tuberculosis was available as a subgrouping for all three

studies, while soft tissue sarcoma did not exist as a category. In addition, review of this

classification system by FCDS persOlmel revealed that there are some rather undesirable groupings,

in particular, liver and biliary tree cancer, and penile with testicular cancer. However, due to the

use of the CORPS comparison data (described below), this ICD classification grouping list was

used in all the studies (ie. PMR, MaR, and the two cohort studies). For the cancer incidence

study, the ICD groups were assigned C Code (cancer incidence location codes) equivalents with

assistance of the FCDS experts (Table 13). {Anon 1992, verbal communication FCDS personnel}

The "Primary Cause of Death" as listed on the Florida Vital Statistics Death Tapes (or given by
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the NCI CORPS PMR data) was used in these analyses as the Cause of Death. Only the first

cancer incidence event from the FCDS match was included.

2.0. Populations

The study population for all the analyses consisted of all deaths and incident cancer cases found

by the previously described extensive data linkages among Florida licensed applicators between

1/1/76 and 1/1/94. The only exclusions were out-of-state deaths, inadequate death and birth dates

and/or social security number, and persons less than 20 years of age.

Information is available on each death from the HRS death tapes, including date of death, causes

of death (primary cause was used for the analysis), gender, race, ethnic group, etc.; similar data

are available for each incident cancer case. In addition, from the Department of Agriculture and

Consumer Services (DACS), information concerning type of licensure, application categories, year

of first licensure, and number of years licensed is available for the pesticide applicators. Some

subcohort analyses (ie. Private vs Commercial and Public Applicators) were possible.

2.1. Comparison Population I: Florida General Population

The major comparison population for all these studies was the Florida population.

For the PMR and the MaR studies, expected proportions of death were constructed using the

Florida Death Tapes provided by the Florida Department of Health and Rehabilitative Services

(HRS). The expected proportions were calculated for the overall PMRs and MaRs, and then for

5-year age and calendar year categories for age- and calendar year-adjusted PMRs and MORs, as
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per above. Only white male expected proportions for Florida were generated as a comparison.

Additional modifications are described in the CORPS section below.

For the SMR studies, the following modifications were made. Florida population denominator data

were based on the entire population. In addition, the HRS Death Tape data ofFlorida deaths \"ere

incomplete for 1993; therefore only 1990-1992 deaths and population were used to calculate the rates

from 1990-1994. Additional modifications are described in the CORPS section below. For the SIR

studies only, the FCDS database began in 198; therefore, there are no incident cases of cancer prior

to 1980, even though the earliest date of exposure (ie. Licensure) for the cohort was 1/1/75.

2.2. Comparison Population II: Computerized Occupational Referent Population System:

The CORPS data system was developed by the National Cancer Institute (NCI) and the National

Institute of Occupational Safety and Health (NIOSH) to provide cohort and p'roportionate mortality

comparison ratios for use in studies of worker popul~tion~. It represem.s.a pooling of data from

19 PMR studies and 39 SMR studies of different occupational cohons throughout the US.

Obviously, all these occupational cohorts were studied due to interest in the possible health effects

of their exposures; nevenheless, they are fairly representative of working populatioris in the US

and represent a welcome alternative to the sole use of national or state comparison populations.

These worker comparison populations are panicularly needed to deal with the issue of the healthy

worker effect, as well as other biases such as socio-economic class, smoking, and diet. {Checkoway

1985, Fox 1976, Gilben 1982, Monson 1986, Wickramaratne 1987} In addition, the pooling of

populations allows for increased numbers of subjects, since small populations have been another

issue for many occupational studies. {Thomas 1986, CORPS Documentation 1992} .

80



2.2.1. PMR CORPS

In addition to overall PMR ratios, the PMR ratios can be generated for single race/gender groups

(e.g .. white men and women, non white men and women). They can vary by particular study

population grouping, geographic region, ever blue collar vs always white collar, employment

duration (for SMR studies), and last employment status. For the PMR studies,-the job of longest

employment was selected. The ratios can also be generated for any of the specific worker cohons

only. The ratios are age and calendar year-specific by 5 year periods.

For the PMR ratios, there are 19 distinct study populations of which 5 are known pesticide­

exposed. Therefore, for the PMR study, 13 populations were used to include only all white male

workers without known pesticide exposures for the comparison ratios. These 13 populations

include: anists, boot and shoe workers, embalmers, shoe manufacturers, metal polishers and

platers, oil and petroleum refinery workers, pharmaceutical workers, press photographers,

plumbers and pipefitters, and potters; excluded were com and grain millers, Depanment of

Agriculture employees, tobacco workers, and veterinarians, as well as a cohon offemale chemists.

The CORPS database used for this PMR study contained a total of 26,053 white male deaths from

throughout the US (only 106 from Florida). The ICD diagnosis codes are standardized to the 8th

Revision (see Tables 12 and 13).

2.2.2. SMR CORPS

For the SMR rates, there are 39 distinct study populations of which 4 are known pesticide exposed.

Therefore, for the SMR study, 35 populations were used to include workers without known

pesticide exposures for the comparison ratios. These 35 populations include: air force mechanics,
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anatomists, attapulgite (asbestos) and talc workers, aromatic amine dye workers. lead smelter

workers. rubber workers, cadmium workers, coast guard, chromium workers. metal machinists.

dry cleaners. copper smelters. fragrance plant. formaldehyde workers. fur dyers. furniture

workers, leather workers, grain miller, gold miners, boiler makers, mineral wool workers. PCB

workers, phosphate miners, pulp and paper workers, pottery workers, plywOOQ workers, leather

workers, styrene and butadiene workers, petrochemical workers, naval shipyard workers. and

uranium millers; excluded were pesticide applicators, pesticide manufacturing workers, corn and

grain millers, and aerial applicators.

The CORPS database used for this SMR study contained a total of 149,292 white males with

38,544 deaths and a total of 3,337,545 person-years; there were 19,448 white female with 3136

deaths and 441,524 person-years. There were 2418 (1.6%) white males and 200 (l %) white

females from Florida. The ICD diagnosis codes are standardized to the 8th Revision (see Tables

12 and 13).

2.2.3. General CORPS Issues

Unfortunately, the CORPS data have not been updated recently so that there are no data after

1984, and the data from 1980-1984 are considered incomplete. {T HeIde, CORPS NClllnformation

Management Services Inc. Programmer, personal communication} Therefore, after discussions

with NCI and their CORPS data consultants, 1975-1980 PMR ratios were used for all subsequent

calendar year comparisons (ie. 1980-1984, 1985-1989, 1990-1994). For the purposes of this

study, only white male workers were requested for the CORPS expected proportions for the PMR.

Of note, these comparison ratios can be produced in OCMAP, MONSON, OlE and NIOSH LIFE-
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TABLE format; OlE (ie. b/b, +c) and Monson formats were used for this study.

3.0. Summary

The retrospective cohort of general mortality and cancer incidence of licensed Florida pesticide

applicators was analyzed in a variety of ways. There are two PMR studies (one using the general

Florida population; the other study a subpopulation of NCI CORPS PMR comparison dataset without

obvious pesticide exposure) and an MOR study with the general Florida population as a comparison

group; all three analyses only examined white male applicators.

The retrospective cohort study ofgeneral mortality was performed first as an SMR study with a variety

ofcomparison populations and subpopulation analyses: all applicators compared to the general Florida

population; male and female applicators separately compared to the gender-specific Florida

population; male and female applicators separately compared to a gender-subpopulation of the NCI

CORPS SMR dataset without obvious pesticide exposure; and private and public male applicators

separately compared to the Florida population. Then, Cox proportional hazard analysis of mortality

was perfor,ned without external comparison groups.

The retrospective cohort study ofcancer incidence was performed first as an SIR study with a variety

ofcomparison populations and subpopulation analyses: all applicators compared to the general Florida

population; male and female applicators separately compared to gender-specific Florida population,

and private and public male applicators separately compared to the Florida population. Finally, Cox

proportional hazard analysis ofcancer incidence was performed without external comparison groups.

The subsequent chapters describe the results of these analyses in considerable detail.
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Chapter Fh'e: Proportionate Mortality Ratio (PMR) and Mortality Odds Ratio (1\fOR) Studies

This chapter discusses the results of three separate but related analyses of the cohort of licensed

pesticide applicators in Florida. The first study is a Proportionate Mortality Study (PMR) using

Florida deaths as the comparison population; the second is a Mortality Odds Ratio (MOR) study

using the same comparison population. The third study is a PMR which uses subpopulations from

the National Cancer Institute (NCI) and National Institute of Occupational Safety and Health

(NIOSH) Computerized Occupational Referent Population System (CORPS) as the comparison

populations These studies were performed to be hypothesis-generating and to compare with

previous PMR studies of pesticide applicators, as well as take advantage of the CORPS comparison

data.

1. O. Results

As mentioned above, all results presented are for white males only. All data are adjusted for age

and calendar year in 5 year increments. In the MaR study, atherosclerotic heart disease with

congestive heart disease (ASHD) rather than atherosclerotic heart disease without congestive heart

diseaese (AHD) was used as the comparison disease because this category existed for both

comparison populations (ie. the general Florida population and the National Cancer Institute (NCI)

Computerized Occupational Referent Population System (CORPS) database) using the ICD

diagnosis codes (see Tables 12 and 13) as per the National Institute of Cancer (NCI) classification;

the PMR for this disease category was also approximately equal to one.

There were 1696 deaths evaluated in the study population of White Male Florida Licensed

Pesticide Applicators. The results of the three studies (ie. the Florida Population PMR, the Florida



Population MaR and the NCI CORPS data PMR) are presented in Tables 14-19. with separate

tables for Non Cancer Mortality and Cancer Mortality. Rather than describe each study

separately, the results will be discussed comparing the three different studies (e.g .. Florida PMR.

Florida MaR and CORPS PMR); unless otherwise specified, the data are presented in this order:

Florida PMR, Florida MaR and CORPS PMR. A comparison is made between Private (Fanner)

applicators and Public and Commercial applicators, again across the three studies.

1.1. All \Vhite Male Applicators

In general, with only two exceptions, the Florida PMR and the Florida MaR had very similar

results: the numerical value of the cause-specific MaRs were consistently less than the

corresponding PMR. The two exceptions in tenns of the direction of risk are for Hodgkin's

Disease and External Causes of Death. For Hodgkin's Disease, the risk was insignificantly

elevated in the PMR [1.32 (0.13-4.74)], but was not in the MaR [0.94 (0.12-7.41)]. In the case

of External Causes of Death (as well as the subgroupings of All Accidents, Motor Vehicle

Accidents, and Suicide), the PMR was significantly elevated [1.24 (1.05-1.43)] while the MaR

was significantly decreased [0.69 (0.59-0.91)].

1.1.1. Non Cancer Mortality (Table 14):

Overall mortality waS insignificantly decreased in the Florida MaR [0.91 (0.87-2.61)] and

significantly increased in the CORPS PMR [1.19 (1.14-1.24)]. For non cancer causes of

mortality, there was no cause of death with an Observed/Expected ratio greater than 2 across all

three studies. All three studies found increased risks of Nervous System disease, with the highest

risks found in the CORPS PMR.
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All three studies had significantly decreased risks for the following non cancer causes of mortality

related to tobacco and ethanol use: Respiratory Diseases, Pneumonia, Emphysema. and Cirrhosis.

Bone and Joint Diseases, and Skin Diseases were decreased for all three studies. although not

significantly. There were no cases of death from Chronic Nephritis or Senility.

The direction of risk for non cancer causes of mortality differed between the Florida and CORPS

studies in several areas. Infectious Diseases (although not Tuberculosis, the only ICD subcategory

available for all three studies) were significantly elevated in the CORPS PMR [8.12 (5.59-11.40)],

yet a decreased risk was found in the two Florida studies. Similar elevations for the CORPS PMR

but not the Florida studies were seen for: Mental Diseases, Allergic and Endocrine (including

Diabetes), Genito Urinary, and Digestive Diseases. Finally, as alluded to above, there was

significant disagreement in risk direction across the three studies for External Causes of Death and

its subcategories; in general, the risks were significantly increased in the Florida PMR.

significantly decreased in the Florida MOR. and equal to the risk of the comparison populations

in the CORPS PMR.

1.1.2. Cancer Mortality (Table 15):

There were 479 deaths from Cancer in the study population. As with overall mortality. overall

mortality from cancer was significantly elevated in the CORPS PMR [1.29 (1.18-1.40)], but not

in the two Florida studies [1.03 (0.94-1.12); 0.99 (0.88-1.11)]. There was only one cancer with

ratios greater than 2 across all three studies: the risk for Eye Cancer; this was based on only 3 total

cases. Both Prostate and Brain/Central Nervous System cancers were also elevated, in the case

of Prostate Cancer significantly. Liver cancer, Leukemia!Aleukemia. and Skin had increased

risks in all three studies.
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Decreased risks of specific cancer mortality. often significantly, were found for Stomach cancer

and Lymphosarcoma. Although the risk for the tobacco-associated cancers of Buccal/Pharyngeal.

Larynx, and Bladder were decreased in all three studies, in both All Respiratory Cancers and the

subcategory of Lung Cancers, there were slightly elevated but insignificant risks for the CORPS

PMR comparison only. There were no cases of Thyroid cancer death.

The direction of risk for cancer causes of mortality differed between the Florida and CORPS

studies in several areas. Although based on only 3 cases of cancer, Bone Cancer risk was elevated

in the two Florida studies but not in the CORPS PMR. As mentioned above, Hodgkin's Disease

risk was elevated in the Florida PMR, but was decreased in both the Florida MaR and the CORPS

PMR. Finally, risk for Other Lymphatic Cancer was decreased in the two Florida Studies but the

risk was elevated in the CORPS PMR.

1.2. Private (Fanners) vs Commercial and Public Applicators

A possible exposure variable, in addition to years of licensure, is the licensure category: Private,

Commercial, and Public. As described elsewhere, the Private Applicators are primarily farmers

with a variety of occupational exposures in addition to pesticides, while the Commercial and Public

Applicators work as full-time pesticide applicators. Therefore, the three studies were repeated for

the two different subpopulations; the results are seen in Tables 16 and 17 for Private (Farmer)

applicators, and Tables 18 and 19 for Commercial and Public applicators. There were 1457 deaths

among Private Applicators and 239 deaths among the Commercial and Public Applicators.

Interpretation of the Commercial 'and Public Applicator group is somewhat hampered by the small

sample size; for several causes of mortality, no cases occurred.
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1.1.1. Private (Farmers) Non Cancer Mortality (Table 16):

Overall Mortality, as with the Overall Analysis, was significantly but not dramatically increased

for the CORPS PMR [1.19 (1.13-1.25)]. There was no single disease entity with a ratio greater

than 2 across all three studies. Nervous System Disease, and to a lesser extent. CNS Vascular

Lesions and Diseases of the Blood, were increased across all three studi@s for the Private

applicators. The risks for Skin, and Bone and Joint were uniformly decreased among the Private

applicators. The tobacco- and ethanol-associated diseases were decreased. including Respiratory

Diseases. Pneumonia, Emphysema, and Cirrhosis.

The direction of risk for non cancer causes of mortality differed between the Florida and CORPS

studies in several areas. As with the overall cohort, Infectious Diseases, Mental, Endocrine and

Allergic (including Diabetes), Genito-Urinary, and Digestive Diseases had elevated risks for the

CORPS PMR, but not the two Florida studies. External Causes of Death (including All Accidents)

were increased in the Florida PMR, but not in the other two studies; Motor Vehicle Accident risk

was increased in the CORPS PMR, not in the Florida for Private (Farmer) applicators.

1.2.2. Commercial and Public Applicators Non Cancer Mortality (Table 18):

The Overall Mortality was decreased among the Commercial and Public Applicators in the MOR

and, significantly, in the CORPS PMR. There was no disease entity with ratios greater than 2

across all three studies. Only Nervous System Disease risk was uniformly increased across all

three studies.

The risks of Mental Diseases and Digestive Diseases were decreased for all three studies. The

tobacco- and ethanol-associated diseases of Respiratory Diseases, Pneumonia, and Cirrhosis were
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all decreased; there were no cases of emphysema among the Commercial and Public Applicators.

There were also no cases of Tuberculosis, Diseases of the Blood, Asthma. Skin. and Bone and

Joint Diseases deaths.

The direction of risk for non cancer causes of mortality differed between the Florida and CORPS

studies in several areas. The CORPS PMR Infectious Disease risk was significantly elevated

[10.26 (5.19-17.56)], but not in the two Florida studies. Allergic and Endocrine, Genito Urinary,

CNS Vascular, and Ulcers were increased in the Florida Studies but not the CORPS PMR. With

regards to the risks from External Accidents and its various subcategories, the Florida PMR was

increased, the Florida MOR was uniformly and significantly decreased, and the CORPS PMR was

. decreased except for Motor Vehicle Accidents.

1.2.3. Private (Farmers) Cancer Mortality (Table 17):

There were 402 total deaths from cancer among the Private (Farmer) applicators. The Overall

Cancer mortality risk was significantly increased in the CORPS PMR and decreased in the MOR.

Only for Eye cancer was the mortality risk significantly elevated at ratios greater than 2 across all

three studies, although again there were only 3 cases. Cancer of the Brain/CNS, Prostate,

Leukemia/Aleukemia, Skin, and Liver were elevated for all three studies, with variable degrees

of statistical significance.

Cancers of the Esophagus, Stomach, and Lymphosarcoma were uniformly decreased. Cancers

associated with tobacco use were decreased in general, including All Respiratory, Larynx,

Buccal/Pharyngeal, Lung. Kidney, and Bladder. There were no deaths from Testicular Cancer.
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The direction of risk for cancer causes of mortality differed between the Florida and CORPS

studies in several areas. Other Lymphatic and Large Intestine cancers had increased risks in the

CORPS PMR, but not the two Florida Studies. Bone Cancer and Hodgkin's Disease were elevated

in the Florida studies but not the PMR; there were only 2 deaths for each type of cancer.

1.2.4. Commercial and Public Applicators Cancer Mortality (Table 19):

There were 80 total cancer deaths among the Commercial and Public applicators. The Overall

Cancer mortality was increased in the Florida studies but not the CORPS PMR. Bone and

Testicular cancers were the only cancers with ratios greater than 2 across all three studies. although

there was only 1 case of cancer each. Other cancers with increased risk for this group of

applicators were Kidney, Skin, Digestive, Stomach, Esophageal, and Brain/CNS. Although

Buccal/Pharyngeal, Renal, and Bladder cancers, all tobacco-associated cancers were decreased,

both All Respiratory and Lung Cancers had elevated risks, primarily in the two Florida studies.

All Lymphopoietic, Other Lymphatic, Prostate, Buccal/Pharyngeal, and Pancreatic Cancers had

no or decreased risks. There were no cases of death from Cancer of the Bladder,

Lymphosarcoma, or Hodgkin's lymphoma.

The direction of risk for cancer causes of mortality differed between the Florida and CORPS

studies most dramatically for Leukemia/Aleukemia, with an elevated risk in the two Florida studies

and decreased risk in the CORPS PMR.
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Chapter Six: Retrospective Cohort Study of General Mortali~'

This chapter describes the rationale and the results ofa retrospective cohort study ofgeneral mortal ity

in a cohort of the Florida licensed pesticide applicators. This includes a standardized mortality study

(SMR) and Cox proportional hazard regression modeling. The latter allows for control and modeling

of multiple variables, while the former allows for external comparison populations (both the general

Florida and the CORPS populations) and evaluation of stratified data.

1.0. Results

The retrospective cohort study ofgeneral mortality was performed first as a SMR study with a variety

ofcomparison populations and subpopulation analyses: all applicators compared to the general Florida

population; male applicators separately compared to the male Florida population and separately

compared to a male subpopulation of the NCI CORPS SMR dataset without obvious pesticide

exposure; similar analyses for the female applicator; and private and public male applicators

separately compared to the Florida population. In addition, exposure analyses are presented. Then,

Cox proportional hazard analysis of mortality is performed without external comparison groups.

1.1. Florida SMR Results

As described above, all data are adjusted for age and calendar year in 5-year increments, unless

otherwise specified.

1.1.1. All Applicators:

In the total cohort of 33,669 age 20 years and older, there were a total of 1874 deaths. Of the 1874

deaths, 1855 had an ICD code allowing cause of death subgroup analysis. The majority of these



deaths (55%) had taken place by 1989. The total number of person-years for the entire cohort was

320.250 from 1/1/75 to 1/1/94. The SMR results for non cancer and cancer causes of mortality for

all applicators compared to the Florida population are presented in Tables 20 and 21. Of the 34 J

applicators who had an aerial spraying licensure category, 64 (19%) died by 1/1/94: of the 2174

persons with an aquatic licensure category, 190 (9%) had died. Additional demographic information

has already been given in Chapter Three, as well as described below.

The age- and calendar year-adjusted non cancer mortality for all applicators was statistically

significantly decreased compared to the general Florida populations [0.69 (0.67-0.73)]. Other non

cancer causes of death were all decreased or equal to that of the Florida population. In particular.

causes of death associated with exposure to ethanol were significantly decreased, such as Cirrhosis

[0.45 (0.29-0.66)], and with exposure to tobacco such as Emphysema [0.65 (0.35-1.12)]. The greatest

single cause ofdeath was from Circulatory diseases (42%); the SMR was also significantly decreased

for all the Circulatory System Diseases. There were no cases of death from Senility or Chronic

Nephritis. Of interest, certain causes ofdeath, which were elevated in the Florida PMR study ofmale

applicators described in the previous chapter, were decreased in the SMR study, in particular External

Causes [0.88 (0.76-1.02)] and Nervous System Diseases [1.08 (0.75-1.50)].

The age- and calendar year-adjusted SMR for all malignancies was significantly decreased compared

to the general Florida population [0.76 (0.70-0.84)]. In general, most cancer mortalities were

decreased for the pesticide applicators compared to the Florida population. There were no cases of

Thyroid cancer death. Cancers associated with tobacco exposure were significantly decreased, such

as Respiratory .[0.83 (0.72-0.96)] and Lung [0.85 (0.74-0.99)). The exceptions to this, but consistent

with the Florida PMR of male applicators, were increased cancer mortalities for Eye [4.27 (0.86-
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12.49)]. Bone [2.47 (0.50-7.23)]. Leukemia [1.30 (0.81-1.99)]. and Brain/CNS [1.28 (0.81-1.92)]:

none were significantly elevated. and both Eye and Bone consisted ofonly 3 cases each. The gender­

specific cancers (ie. Prostate, Testicular, Breast and Cervix) are described below in the gender

subpopulation analyses.

Of note, there was only 1 case of soft tissue cancer (ICD 171.9), but review of the morphology

revealed that it was not a sarcoma. Therefore, there were no cases of Soft Tissue Sarcoma death in

this cohort.

1.1.2. Male Applicators:

There were 30,160 male subjects in the cohort with 1776 male deaths (1758 with ICD code). The

total number ofperson-years for the males was 290,791. The SMR results for non cancer and cancer

causes of mortality for alI male applicators compared to the Florida population are presented in

Tables 22 and 23.

1.1.2.a. Florida Comparison

The age- and calendar year-adjusted non cancer mortality for all male applicators was statisticalIy

significantly decreased compared to the general Florida populations [0.72 (0.69-0.75)]. Other non

cancer causes of death were all decreased or equal to that of the Florida population. In particular,

causes of death associated with exposure to ethanol were significantly decreased, such as Cirrhosis

[0.49 (0.32-0.72)] and with exposure to tobacco such as Emphysema [0.71 (0.38-1.22)]. The greatest

single cause ofdeath was from Circ~latory diseases (44%); the SMR was also significantly decreased

for all the Circulatory System Diseases. There were no cases of death from Senility or Chronic

Nephritis. Of interest, causes of death which were elevated in the Florida PMR study of male
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applicators. were decreased in the SMR study ofmale applicators. in particular External Causes [0.90

(0.77-1.04)].

The age- and calendar year-adjusted SMR for all malignancies was significantly decreased compared

to the general Florida population [0.78 (0.72-0.86)]. In general. most cancer mortalities were

decreased for the male pesticide applicators compared to the Florida population. Cancers associated

with tobacco exposure were decreased, such as Respiratory [0.87 (0.75-1.01)] and Lung [0.89 (0.76­

1.03)]. The exceptions to this, but consistent with the Florida PMR of male applicators, were

increased cancer mortalities for Eye [4.67 (0.94-13.66)], Bone [2.72 (0.55-7.96)], Prostate [2.38 (1.83­

3.04)], Brain/CNS [1.34 (0.84-2.03)], Leukemia [1.29 (0.78-2.02)], and Liver [1.23 (0.71-2.01 )]; only

Prostate was significantly elevated, and both Eye and Bone consisted of only 3 cases each.

I.I.2.b. CORPS Comparison

In general, the mortality rates for men using the CORPS dataset as the comparison group were

remarkably similar to the Florida general population comparison described above. All ofthe rates for

the CORPS comparison are presented in Tables 24 and 25.

The age- and calendar year-adjusted non cancer mortality for all male applicators was statistically

significantly decreased compared to the CORPS population [0.45 (0.43-0.47)]. The majority ofthe

other non cancer causes of death were all decreased or equal to that of the CORPS population. In

particular, causes of death associated with exposure to ethanol were significantly decreased, such as

Cirrhosis [0.26 (0.17-0.39)] and with exposure to tobacco such as Emphysema [0.26 (0.14-0.44)].

The SMR was also significantly decreased for all the Circulatory System Diseases. As with the

CORPS PMR, the risk of death from Infectious Diseases was significantly increased [2.07 (1.44-
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2.88)]; diseases ofthe Nervous System [1.45 (1.00-2.02)] and Diseases of the Skin [1.55 (0.02-8.36)]

were also elevated, although not significantly and the latter was based on only one case. Of interest.

causes of death which were elevated in the Florida PMR but not the CORPS PMR studies of male

applicators, were significantly decreased in the SMR study ofmale applicators. in particular External

Causes [0.64 (0.54-0.74)].

The age- and calendar year-adjusted SMR for all malignancies was significantly decreased compared

to the CORPS population [0.67 (0.61-0.73)]. In general, most cancer mortalities were decreased for

the male pesticide applicators compared to the CORPS population. Cancers associated with tobacco

exposure were significantly decreased, such as Respiratory [0.68 (0.58-0.78)] and Lung [0.70 (0.60­

0.81)]. The exceptions to this, but consistent with the CORPS PMR of male applicators. were

increased cancer mortalities for Eye [1.86 (0.3 7-5.44)]], Skin [1.44 (0.80-1.48)], Brain/CNS [1.36

(0.85-2.06)], and Liver [1.39 (0.80-2.26)]; none were significantly elevated, and Bone consisted of

only 3 cases. Prostate cancer was only minimally and insignificantly elevated [1.16 (0.89-1.48)].

Also similar to the CORPS PMR, Leukemia [0.77 (0.46-1.21)] and Bone [1.07 (0.22-3.13)] were not

elevated.

1.1.3. Female Applicators:

There were 3,503 female subjects in the cohort with 98 female deaths (97 withICD code). The total

number of person-years for the females was 29,459. The SMR results for non cancer and cancer

causes ofmortality for all female applicators compared to all the Florida population are presented in

Tables 26 and 27.

1.1.3 .a. Florida Comparison

95



The age- and calendar year-adjusted non cancer mortality for female applicators was statistically

significantly decreased compared to the general Florida populations [0.44 (0.36-0.54)]. With the

exception of Pneumonia and Ulcers, the other non cancer causes ofdeath were all decreased or equal

to that ofthe Florida population. In particular, causes ofdeath associated with exposure to tobacco

and ethanol were decreased or not present; there were no cases of Cirrhosis or Emphysema. The

greatest single cause ofdeath was from Circulatory diseases (27%), although substantially less than

among the male applicators; the SMR was also significantly decreased for all the Circulatory System

Diseases. There were no cases of death from Senility, Chronic Nephritis, Tuberculosis. Diabetes.

Diseases ofthe Blood. Mental Diseases, Rheumatic Heart Disease, Asthma. Skin Diseases, nor Bone

Diseases. Causes of death which were elevated in the Florida PMR study ofmale applicators, were

also decreased inthe female SMR study, in particular External Causes [0.74 (0.41-1.22)] and Nervous

System Diseases [0.35 (0.01-1.94)).

The age- and calendar year-adjusted SMR for all malignancies was significantly decreased compared

to the general Florida population [0.58 (0.40-0.81 )]. In general, most cancer mortalities were

decreased for the female pesticide applicators compared to the Florida population. Given the 3503

female applicators with only 98 deaths, it is not surprising that there were no cases of Esophagus,

Stomach, Liver, Larynx, Bone, Skin, Bladder, Eye, Thyroid, non Hodgkin's Lymphoma, nor

Hodgkin's Lymphoma cancer death. Cancers associated with tobacco exposure were decreased, such

as Respiratory [0.47 (0.22-0.90)] and Lung [0.49 (0.22-0.93)], both significantly. Female cancers

were decreased, including Breast [0.76 (0.20-1.94)] and All Genital [0.75 (0.08-2.72)], despite the

small number of female cancers in this cohort; only Cervical cancer was elevated [1.32 (0.02-7.34)],

but this was based on 1 case. The exceptions to this, but statistically insignificant and based on very

low numbers, were increased cancer mortalities for Kidney [1.80 (0.20-6.49)], Large Intestine [1.44

96



(0.58-2.97)]. and Leukemia [1.42 (0.16-5.12)].

l.lJ.b. CORPS Comparison

In general, the mortality rates for women using the CORPS dataset as the comparison group were

remarkably similar to the Florida general population comparison described above. _All ofthe rates for

the CORPS comparison are presented in Tables 28 and 29.

The age- and calendar year-adjusted non cancer mortality for female applicators was statistically

significantly decreased compared to the CORPS population [0.49 (0.40-0.60)]. With the exception

of Pneumonia and Ulcers, the other non cancer causes of death were all decreased or equal to that of

the CORPS population. In particular, causes ofdeath associated with exposure to tobacco and ethanol

were decreased or not present. The SMR was also significantly decreased for all the Circulatory

System Diseases; the SMRs were insignificantly increased for External Causes [0.83 (0.46-1.36)] and

Nervous System Diseases [0.3 7 (0.01-2.04)].

The age- and calendar year-adjusted SMR for all malignancies was significantly decreased compared

to the CORPS population [0.70 (0.48-0.98)]. In general, most cancer mortalities were decreased for

the female pesticide applicators compared to the CORPS population. Most female cancers were

decreased, despite the small number offemale cancers in this cohort; All Genital [0.24 (0.03-0.87)]

was significantly decreased, but this was based on 2 cases. Breast [0.44 (0.12-1.14)] was minimally

and insignificantly increased. However, similar to Florida population comparison, but statistically

insignificant and based on very low numbers, there were increased cancer mortalities for Kidney [3:1 7

(0.36-11.43)], Rectum [2.78 (0.04-15.47)], Leukemia [1.65 (0.19-5.95)], and Large Intestine [1.43

(0.04-15.47)]. Interestingly, based on 9 cases, Respiratory [1.20 (0.55-2.28)] and Lung [1.25 (0.57-
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2.37)] cancers were insignificantly elevated.

1. 1.4. Exposure:

As described in Chapter Three, the majority ofthe cohort (54%) had obtained their pesticide license

by 1984 with 39±13.19 as the mean age of licensure; the mean number ofyears lic~nsed for the whole

cohort was 6.93±4.27 years, ranging from 1 month to 19.64 years. The total number of person-years

for the cohort was 320,250 from 1/1/75 to 1/1/94. The SMR results for the following Overall, Prostate

Cancer, and External Causes mortality results for all, male, and female applicators compared to all the

Florida population using various measures of exposure are presented in Tables 30, 31 and 32.

The age-adjusted SMRs for overall mortality by the calendar year offirst licensure in 5 year groupings

are consistently and significantly less than that ofthe Florida population (Table 30). However, there

is a trend of decreasing mortality from the earliest years oflicensure [1975-79: 0.70 (0.66-0.74)] to

the most recent [1990-94: 0.39 (0.34-0.54)], despite age adjustment; a similar pattern was seen for

Prostate cancer and External Causes of Mortality. Similar results and trends are found by gender

subgroups.

However, for the Overall Mortality by numbers ofyears licensed in 4-year groupings (Table 31). there

is an inverse dose-response relationship in which the trend is ofdecreasing risk with increasing years

oflicensure, from the fewest years oflicensure [0-4: 0.64 (0.49-0.82)] to the greatest number [16-20:

0.15 (0.10-0.21 )]. Similar results and trends are seen by gender subgroup for Overall Mortality.

Although similar results are present for Prostate Cancer for the entire cohort, when analysis is

performed for the earliest subcohort from 1975-1979, there is a suggestion ofa positive dose-response

with increasing risk of Prostate cancer with increasing years of exposure. For External Causes of
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Death. there is an inverse dose-response relationship (ie. increasing years of licensure are associated

with a decreased risk of death from external causes).

There is no obvious dose-response for age at first licensure for overall mortality in either the entire

group, nor by gender subgroup (Table 32). In fact there appears to be an inverse dose-response

relationship for both the number ofyears licensed and the first age oflicensure with overall mortality.

A similar situation exists for both Prostate cancer and for External Causes of Death.

1.1.5. Private (Farmers) Male Applicators:

Only male applicators were included in these subpopulation analyses due to the relatively small

numbers offemale applicators in each licensure subpopulation. There were 20,755 Private (Farmer)

male applicators with 1527 (81 %) of the entire cohort deaths. The SMR results for non cancer and

cancer causes of mortality for all Private (Farmer) male applicators compared to all the Florida

population are presented in Tables 33 and 34.

Similar to the entire cohort, the age- and calendar year-adjusted overall mortality for the Private male

applicators was significantly decreased compared to the Florida population [0.71 (0.68-0.75)]. In

addition, the vast majority ofthe mortality rates were decreased, often significantly, compared to the

Florida population. This includes diseases associated with ethanol such as Cirrhosis [0.53 (0.33-0.80)]

and tobacco exposure such as Emphysema [0.81 (0.43-1.39)], as well as Circulatory System Diseases

[0.87 (0.81-0.94)] and its subgroups. In contrast to the Florida PMR analysis for Private male

applicators, External Causes [0.91 (0.76-1.09)] was slightly decreased while Nervous System Diseases

was only minimally and insignificantly elevated [1.20 (0.81-1.71)].
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Age- and calendar year-adjusted Cancer mortality for the Private male applicators was significant I)

decreased compared with the Florida population [0.77(0.70-0.85)]. The majority ofcancer mortalities

were decreased compared to the Florida population, including tobacco-related Respiratory [0.84 (0.71­

0.99)] and Lung [0.86 (0.73-1.01). Despite the low number ofcases, Eye was significantly increased

[5.52 (1.11-16.12)]. Prostate cancer was significantly increased [2.56 (1.96-3.29).]: there were no

cases ofTesticular cancer death. In addition, similar to the Florida PMR for Private male applicators,

Bone [2.29 (0.26-8.27)], Leukemia [1.31 (0.75-2.12)], and Brain/CNS [1.28 (0.74-2.04)] were all

increased, but not significantly.

1.1.6. Commercial and Public Male Applicators:

There were 9,900 Commercial and Public male applicators with 250 (13%) ofthe cohort deaths. Of

these combined male applicators, 7086 were Commercial (72%) and 2814 were Public (28%). The

SMR results for non cancer and cancer causes of mortality for all Commercial and Public male

applicators compared to all the Florida population are presented in Tables 35 and 36.

Similar to the entire cohort, the age- and calendar year-adjusted overall mortality for the Commercial

and Public male applicators was significantly decreased compared to the Florida population [0.70

(0.62-0.79)]. In addition, the vast majority of the mortality rates were decreased compared to the

Florida population. This includes diseases associated with ethanol such as Cirrhosis [0.31 (0.06-0.89)]

and tobacco exposure such as Emphysema [no cases], as well as Circulatory System Diseases [0.74

(0.59-0.93)] and its subgroups. There were no deaths from Tuberculosis, Diseases of the Blood,

Asthma, and Skin Diseases. In contrast to the Florida PMR analysis for Commercial and Public male

applicators, External Causes [0.84 (0.61-1.14)] and Nervous System Diseases [0.86 (0.23-2.20)] were

not elevated. Similar to the Florida PMR analysis, Genito Urinary [1.48 (0.40-3.79)] and Ulcers [1.3 7
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(0.02-7.64)] were elevated. but not significantly.

Age- and calendar year-adjusted Cancer mortality for the Commercial and Public male applicators was

decreased compared with the Florida population [0.83 (0.69-1.03)]. The majority ofcancer mortalities

were the same or decreased compared to the Florida population, including tobacco-related Respiratory

[1.03 (0.71-1.44)] and Lung [1.04 (0.72-1.46). There were no cases of Bladder, Eye, or Hodgkin's

Disease cancer death. Although there were very few cases, Bone [4.38 (0.06-24.35)]. Brain/CNS

[1.62 (0.52-3.79)], and Leukemia [1.23 (0.25-3.61)] were elevated, similar to the Private male

applicators. Testicular cancer was insignificantly elevated with 1 case [4.32 (0.06-24.02)]. while

Prostate cancer mortality was not increased [0.73 (0.08-2.65)]. As opposed to the Private male

applicators but similar to the Florida PMR for Commercial and Public male applicators, Esophagus,

LymphoSarcoma, Kidney, Liver, and Stomach cancer mortality were elevated, although not

significantly.

1.2. Cox Proportional Hazards Results

With age as the dependent variable and 1O-year birth cohorts as a stratum-specific covariable (starting

in 1990), the following variables were considered in modeling overall mortality:

Gender (dichotomous): females are compared to males
Hispanic (dichotomous): Hispanics are compared to non Hispanics
Incident cancer (dichotomous): Incident Cancer compared to non cases
Year of first licensure (categorical): 1975-1979, 1980-1984 compared to 1985+
Age at first licensure (continuous)
Number of years licensed (continuous)
Number of years licensed (categorical): 4-8, 8-12,12-16, 16-20 compared to 0-4
Licensure type (dichotomous):all Private (Farmers) compared to all Commercial and Public
Aerial licensure (dichotomous): Aerial sprayers are compared to non
Aquatic licensure (dichotomous): Aquatic applicators are compared to non .
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The majority ofthese variables have already been explored above in the SMR analysis. although not

as continuous variables or in the same model. The analyses were modeled with single covariables.

and then with an exposure model (described below). There is no external comparison group. The

results of the analyses are presented in Tables 37 to 39.

In the single covariable modeling of Overall Mortality, not surprisingly the most dramatic risk for

death is with a history of incident cancer (RR=3.01; p<O.OOOl). Female gender is significantly

protective (RR=0.62; p<O.OOOl); Hispanic by last name is insignificantly protective. As with the

SMR, there is a positive and significant dose-response with year of first licensure: however. the

number ofyears licensed as either a continuous or categorical variable shows significantly increased

risk of death with less exposure. However, different from the SMR analysis, there is a significantly

decreased risk of death with increasing age at first licensure although it is trivially protective

(RR=O.94; p<O.OOO 1). Private applicators are at a statistically significant but trivially protective risk

ofdeath compared to Commercial and Public applicators (RR=0.99; p<O.O1 ). Aerial and Aquatic

licensure categories were not associated with any significant increased risk of Overall Mortality.

An exposure model was devised using only the continuous variables ofnumbers ofyears licensed and

age at first licensure (since there was a high correlation between years oflicensure and first calendar

year oflicensure as seen in Table 11). {Checkoway 1989} As with the single covariable analysis,

neither variable was an increased risk for overall mortality, either for the entire cohort or for the

earliest subcohort which licensed from 1975-1979. In other words, increasing number of years of

exposure and increasing age at entry into the cohort were both significantly protective for overall

mortality.
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Modeling of External Causes of death was performed (Table 38). because this is often the onl~

elevated risk found when comparing worker cohorts to the general population: it was an elevated ris\-.

in the Florida PMR, although not in any of the SMR studies described above. The most remarkable

finding was the significantly increased risk associated with Aerial licensure category (RR=4.38:

p<O.OOI). Fewer years of licensure as either a categorical or continuous variable (for example.

4-8 years of licensure RR=2.38; p<O.OI compared to 16 to 20 years RR=0.51; p<0.5l) was

also associated with a significantly increased risk. As with the Cox regression of overall mortality.

but different from the SMR, increasing age at first licensure was associated with a significantly

protective effect (RR=0.91; p<O.OOOI). The Exposure models were negative, echoing the results of

the single variable analyses.

Finally, modeling of the risk of Prostate cancer death was undertaken (Table 39) since this was

significantly and consistently elevated among the male applicators in the SMR, as described above.

In the case of Prostate cancer, a lack of cases made modeling impossible to perform for several

covariables (for example, with only 64 cases ofProstate cancer, the use ofthe categorical covariables

of either number ofyears of exposure or year of first exposure is not possible). The only significant

relationship was an expected significant and markedly increased risk for Prostate cancer mortality for

individuals with a prior history of incident cancer (RR=18.36; p<O.OOOl). No other risks were

significant; however, the insignificantly increased risk for Private applicators (RR=2.69; p<0.18) and

the increased risk with earlier calendar year of licensure are expected based on the SMR analyses

described earlier. The Exposure models had significantly protective risks associated with both

increasing age at first licensure and increasing number of years licensed. Further modeling was not

attempted.
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Chapter Seven: Retrospective Cohort Study of Cancer Incidence

This chapter describes the results ofa retrospective cohort study ofcancer incidence in a cohort ofthe

Florida licensed pesticide applicators. This includes a standardized cancer incidence study (SIR) and

Cox proportional hazard regression modeling. The latter allows for the controJ and modeling of

multiple variables, while the former involves the use ofan external comparison group and forces close

stratified evaluation ofthe data.

1..0. Results

The retrospective cohort study ofcancer incidence was performed first as an SIR study with a variety

ofcomparison populations and subpopulation analyses: all applicators compared tothegeneral Florida

population; male and female applicators separately compared to gender-specific Florida population;

and private and public male applicators separately compared to the Florida population. In addition.

exposure analyses are presented. Finally, Cox proportional hazard analyses of cancer incidence are

performed without external comparison groups.

1.1. sm Results

As described above, all data are adjusted for age and calendar year in 5-year increments, unless

otherwise specified.

] .].]. All Applicators:

In the total cohort of33,663 age 20 years and older, there were a total of ]266 cases of cancer. The

majority ofthese cancer cases (54%), had been diagnosed by ]988. Ofthese ]266 incident cancer

cases, 5] 8 (4] %) had died by 1/1/94. The total number of person-years for the entire cohort was



316.226 from 111/75 to 111/94. The SIR results for cancer incidence for all applicators compared to

the Florida population are presented in Table 40. Additional demographic data are described below.

as well as previously in Chapter Three.

The age- and calendar year-adjusted cancer incidence for all applicators was statistically significantly

decreased compared to the general Florida populations [0.72 (0.68-0.76)]. In general, most cancer

incidences were decreased for the pesticide applicators compared to the Florida population. Cancers

associated with tobacco exposure were significantly decreased, such as Respiratory [0.76 (0.66-0.86)]

and Lung [0.79 (0.69-0.90)]. The exceptions to this, but consistent with the Florida PMR and SMR

of male applicators, were increased cancer incidences for Eye [1.65 (0.53-3.84)], and Bone [1.42

(0.46-3.32)]; both Eye and Bone consisted of only 5 cases and were not significantly elevated. The

incidence rates for the gender-specific cancers (ie. Prostate, Testicular, Breast and Cervical) are

described below in the gender subpopulation analyses.

Of note, there was one sarcoma reported by morphology; however, the location was not in the soft

connective tissues. Therefore, there were no incident cases of Soft Tissue Sarcoma in the cohort.

1.1.2. Male Applicators:

There were 30,160 male subjects in the cohort with 1159 male incident cancers. The total number of

person-years for the males was 287,151. As described in Chapter Three, the mean age of first

licensure was 55.91±10.81, the mean age at death was 57.96±10.41, and the mean number of years

licensed was 9.12±3.94 for the mal~ incident cases ofcancer; these were all significantly greater than

the Qverall means for the entire cohort by t-test. The SIR results for cancer incidence for all male

applicators compared to all the Florida population are presented in Table 41.
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The age- and calendar year-adjusted SIR for all malignancies was significantly decreased compared

to the general Florida population [0.72 (0.68-0.76)]. In general. most cause-specific cancer incidences

were decreased for the male pesticide applicators compared to the Florida population. Cancers

associated with tobacco exposure were significantly decreased, such as Respiratory [0.77 (0.68-0.88)]

and Lung [D.81 (0.70-0.92)]. The exceptions to this, but consistent with the Florida PMR and SMR

of male applicators, were increased cancer incidences for Testicular [2.49 (1.58-3.74)] and Prostate

[1.92 (1.73-2.14)], Eye [1.80 (0.53-3.84)], and Bone [1.57 (0.51-3.66)]; Prostate and Testicular

cancers were significantly elevated, while both Eye and Bone consisted of only 5 cases each.

1.1.3 . Female Applicators:

There were 3,503 female subjects in the cohort with 107 female incident cancers. The total number

of person-years for the females was 29,075. The female applicators with cancer diagnosis were

significantly younger (with a mean age at first licensure 49.58±12.71), were significantly younger at

cancer death (mean age 54.47±9.34 ), and had significantly less exposure (mean number of years

licensed 7.3 8±3.31) than their male colleagues with cancer. The SIR results for cancer incidence for

all female applicators compared to all the Florida population are presented in Table 42.

The age- and calendar year-adjusted SIR for all malignancies was significantly decreased compared

to the general Florida population [0.73 (0.59-0.88)]. In general, most cause-specific cancer incidences

were decreased for the female pesticide applicators compared to the Florida population. There were

no cases ofEsophagus, Stomach, Liver, Larynx, Bone, Skin, Eye, nor Hodgkin's Lymphoma cancer.

Cancers associated with tobacco exposure were decreased, such as Respiratory [0.56 (0.31-0.93)] and

Lung [0.62 (0.35-1.03)], the latter significantly. Female Genital cancers were significantly increased,

including All Genital [2.08 (1.32-3.12)] and Cervical [3.71 (1.85-6.64)]; Breast cancer was not
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significantly elevated [1.14 (0.74-1.67»). In addition, Thyroid cancer was slightly ele\'ated [1.33

(0.15-4.79)], but this was statistically insignificant and based on very low numbers.

1.1.4. Exposure:

As described in Chapter Three, the majority of the cohort (54%) had obtained their pesticide license

by 1984 with 39±13.19 as the mean age of; the mean age of licensure for the whole cohort was

6.93±4.27 years, ranging from 1 month to 19.64 years. The total number of person-years for the

cohort was 320,250 from 1/1/75 to 1/1/94. The SIR results for the following overall cancer incidence

results for all applicators compared to all the Florida population using various measures of exposure

are presented in Table 43, 44 and 45.

The age-adjusted SIRs for overall cancer incidence by the calendar year of first licensure in 5 year

groupings are consistently and significantly less than that of the Florida population (Table 43).

However, there is a trend ofdecreasing cancer incidence from the earliest years ofJicensure [1975-79:

0.76 (0.71-0.82)] to the most recent [1990-94: 0.34 (0.20-0.54)], despite age adjustment. Similar

results and trends are seen by gender subgroup and for Testicular and Prostate cancer. The only

exception is Cervical cancer, which had a significant increase in the 1985-89 subcohort [8.54 (3.68­

16.82)].

However, for the overall cancer incidence by numbers of years licensed in 4-year groupings (Table

44), there is an inverse dose-response relationship in which the trend is of decreasing risk with

increasing years ofJicensure, from the fewest years ofJicensure [0-4: 0.84 (0.65-1.06)] to the greatest

number [16-20: 0.42 (0.33-0.53»). Similar results and trends are seen by gender subgroup and with

Cervical cancer, although there is some suggestion of a positive dose-response relationship in the
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anal"sis ofCer"ical cancer risk forthe earliest 1975-79 subcohort. Testicular cancer [12-16: 4.98

(1.60-11.61)] showed a suggestion ofa trend of increasing risk with increasing number of years

exposed. especially in the calendar year subpopulations. Prostate cancer had an unifonnly elevated

risk despite increasing years of exposure, although again for the earliest 1975-79 subcohort. there is

a suggestion of a positive dose-response.

There is no obvious dose-response for age at first licensure for overall cancer incidence in either the

entire group. nor by gender subgroup (Table 45). In fact there appears to be an inverse dose-response

relationship for both the number of years licensed and the first age of licensure with overall cancer

incidence; this is also seen in the males (including for Testicular and Prostate cancer). but not for the

females (including Cervical cancer at 20-24 [14.03 (2.82-41.00)]).

1.1.5. Private (Farmers) Male Applicators:

Only male applicators were included in these subpopulation analyses due to the relatively small

numbers offemale applicators in each licensure subpopulation. There were 20,755 Private (Farmer)

male applicators with 966 (76%) ofthe entire cohort incident cancers. The SIR results for causes of

cancer incidence for all Private (Farmer) male applicators compared to all the Florida population are

presented in Table 46.

Age-and calendar year-adjusted cancer incidence for the Private male applicators was significantly

decreased compared with the Florida population [0.72 (0.68-0.77)]. The majority of cause-specific

cancer incidences was decreased compared to the Florida population, including tobacco-related

Respiratory [0.76 (0.65-0.87)] and Lung [0.78 (0.67-0.91). As opposed to the Florida SMR and PMR,

both Testicular [2.38 (1.33-3.92)] and Prostate cancer [1.98 (1.77-2.12)] were both significantly
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elevated. Hodgkin's [1.51 (0.65-2.97)] and Eye [1.34 (0.27-3.91)] were somewhat elevated. but not

significantly.

1.1.6. Commercial and Public Male Applicators:

There were 9.900 Commercial and Public male applicators with 193 (15%) of the cohort incident

cancers. Of these combined male applicators, 7086 were Commercial (72%) and 2814 were PubIic

(28%). The SIR results for cancer incidence for all Commercial and Public male applicators compared

to all the Florida population are presented in Table 47.

Age- and calendar year-adjusted cancer incidence for the Public and Commercial male applicators was

significantly decreased compared with the Florida population [0.69 (0.60-0.80)]. The majority of

cause-specific cancer incidences were decreased compared to the Florida population, including

tobacco-related Respiratory [0.86 (0.62-1.16)] and Lung [0.92 (0.66-1.25). As opposed to the Florida

. SMR and PMR, both Testicular [2.37 (1.18-5.39)] and Prostate cancer [1.55 (1.09-2.14)] were

significantly elevated. Eye [3.77 (0.42-13.60)], Bone [2.68 (0.30-9.69)], Stomach [1.34 (0.49-2.91 )],

and Large Intestine [1.29 (0.84-1.89)] were elevated, but not significantly; there were only 2 cases

each for Eye and Bone cancers.

1.2. Cox Proportional Hazards Results

With age as the dependent variable and 10 year birth cohorts as a stratum-specific covariable (starting

in 1990), the following variables were entered into a model for overall cancer incidence:

Gender (dichotomous): females are compared to males
Hispanic (dichotomous): Hispanics are compared to non Hispanics
Year of first licensure (categorical): 1975-1979, 1980-1984 compared to 1985+
Age at first licensure (continuous)
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Number of years licensed (continuous)
Number of years licensed (categorical): 4-8, 8-12, 12-16. 16-20 compared to 0-4
Licensure type (dichotomous): all Private (Farmers) compared to all Commercial and Public
Aerial licensure (dichotomous): Aerial sprayers are compared to non
Aquatic licensure (dichotomous): Aquatic applicators are compared to non

The majority ofthese variables has already been explored above in the SIR analysis. although not as

continuous variables or in the same model. The analyses were modeled with single covariables. and

then with an exposure model. There is no external control group. The results of the analyses are

presented in Tables 48 to 51.

In the single covariable modeling of Overall Cancer risk, as with the SIR, there is a positive and

significant dose-response with year of first licensure (for 1975-79, RR=1.46; 0.0002; for 1980-84.

RR=I.35; p<0.0006). The number of years licensed (as either a continuous or categorical variable)

showed no significant risk of cancer incidence with increasing exposure. Different from the SIR

analyses, there was a significantly decreased risk of cancer with increasing age at first licensure

(RR=0.94; p<O.OO). Gender and ethnic group, licensure and category types were not significantly

associated with an increased risk for incident cancer.

An exposure model was devised using only the continuous variables ofnumbers ofyears licensed and

age at first licensure (since there was a high correlation between years oflicensure and first calendar

year oflicensure as seen in Table 11). {Checkoway 1989} Neither variable had an elevated relative

risk for cancer incidence, neither for the entire cohort nor for the subcohort wh ich licensed from 1975-

1979. In other words, increasing number of years of exposure and increasing age at entry into the

cohort were both significantly protective for cancer incidence.

Modeling of Testicular cancer diagnosis was performed (Table 49) because an elevated risk was
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found for male applicators. including both licensure subpopulations. The only significantly increased

risk was associated with the increasing number of years of exposure as a continuous variable

(RR=1.15; p< 0.04); the categorical analysis, although not significant. suggests a positi\'e dose­

response for testicular cancer risk and increasing years of exposure. Again different from the SIR.

increasing age at first licensure was associated with a significantly decreased risk of cancer incidence

(RR=0.85; p<0.OO(8). Exposure modeling was negative, although there were relatively few cases

(n=23); the number ofyears ofexposure as a continuous variable was not associated with an increased

risk for testicular cancer for either the entire cohort or for the 1975-79 subcohort.

Modeling of the risk of Prostate cancer incidence was undertaken (Table 50) since this was

significantly and consistently elevated among the male applicators in both subpopulations in the SIR.

as described above. There were no significantly elevated risk factors for Prostate cancer, including

no effect of earlier calendar year of licensure nor increasing years of exposure. There was a

significantly decreased risk was for increasing age at first licensure, although not a markedly decreased

risk ratio (RR=0.96; p<0.008). Exposure modeling showed a significantly protective effect of

increasing years of licensure and increasing age at first licensure in both the entire cohort and the

subcohort for prostate cancer.

Finally, modeling of the risk of Cervical cancer diagnosis was undertaken (Table 51) since this was

significantly and consistently elevated among the female applicators, in both subgroups, in the SIR,

as described above. Ofnote, in the case ofCervical cancer, a lack ofcases made modeling impossible

to perform for several covariables, .such as Aerial licensure. The only significant relationship was a

significant and increased risk with earlier calendar year oflicensure (for example, 1975-79, RR=1.46;

p < 0.0002); of note, there was an obvious but insignificant trend of increasing risk of Cervical
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cancer diagnosis with increasing years of exposure. Unlike the SIR. there was a significantl)

decreased risk for increasing age at licensure (RR=O.86; p<O.04). No other risks were significant.

although there were relatively few cases (n= II). Ofnote, exposure modeling showed a significantl)

decreased risk for increasing years of licensure, an insignificant protective effect of increasing age at

licensure was negative. Further modeling was not attempted.
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Chapter Eight: Conclusions

This chapter discusses the conclusions of the studies presented in the previous chapters, considering

the findings in previous investigations. After a discussion ofdata limitations, the overall conclusions

of this series of studies are given.

1.0. Background

Exposure to pesticides has become ubiquitous to workers and the general public due to increasing and

extensive applications, and environmental contamination. The acute health effects of pesticides in

humans are well documented, if under-reported under current surveillance; chronic health effects are

currently being investigated. The most obvious groups in which to study the chronic effects of

pesticides in humans are those occupational groups who apply pesticides in high doses as part oftheir

daily activities (at least seasonally). Genotoxicity studies and some recent epidemiologic studies in

the occupationally exposed populations point to the real possibility ofcarcinogenic health effects in

humans exposed to pesticides.

However, the majority ofthese studies ofvarious pesticide worker populations have suffered from a

gamut of methodologic problems. Small numbers of subjects have made it difficult to generalize or

draw etiologic conclusions from individual studies due to lack of power in several studies. Use of

inappropriate comparison populations (eg. the healthy worker effect) and lack of reporting

mechanisms have probably led to an under-estimation of the magnitude ofthe health effects. A

further limitation is that the majority of the studies have concerned only white males; thus little

information is available on women or race-ethnic minority groups with occupational exposure to

pesticides. Inadequate data on both pesticide and possible confounding exposures are another



problem. In addition. there are also issues of recall bias. surrogate information deficiencies (in the

case of deceased workers), and even subject information deficiencies due to the large quantities of

different pesticides used over the past 40 years. Since most pesticide-exposed populations were

exposed to multiple different types ofpesticides, this raises the specter ofmixed pe~ticidesexposures

(with synergistic and/or antagonist effects). Furthermore, it makes single exposure_studies and related

etiologic hypotheses highly unlikely. With multiple exposures and small study populations, many

studies involve the statistical issue of multiple comparisons. All these factors lead to questionable

. conclusions from individual studies. {Doe 1994, Blondell 1990, IARC 1991, Maroni 1993, Blair

1990a, Blair 1990b, Cordes 1991, Munro 1992, Richardson 1995, Moses 1989. Council 1988}

Overall, adequate quantitation ofdisease risks associated with specific pesticides is not possible from

individual existing studies due to methodologic and logistic problems.

Nevertheless, in spite ofthe many methodologic issues, conclusions can be drawn from the aggregate

ofavailable chronic disease studies in pesticide exposed worker populations. Farmers, manufacturers,

and pesticide applicators, the main worker groups that have been studied (with obvious overlap

between them), tend to be healthier compared to the general population, especially with respect to

cardiovascular disease and the diseases associated with heavy tobacco and ethanol use. They are at

increased risk from accidents, some ofthis possibly pesticide-related (e.g. aerial sprayers). Farmers

are more likely to die from infectious and non-malignant respiratory diseases; to the extent that certain

pesticides have immunologic effects, pesticide exposure may contribute towards these risks, although

it has not been studied as yet.

With respect to cancer, pesticide applicator groups (as opposed to farmers) have a somewhat increased

risk of cancer compared to the general population and other worker groups in most studies. The
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worker populations exposed to the phenoxy acids and other herbicides may be at increased risK for

soft tissue sarcoma and non Hodgkin's lymphoma. Increased skin cancer risk is seen. but may be Ull­

related to pesticide exposure (ie. uv exposure). Brain cancer appears to be increased. not only in these

populations, but possibly in their offspring. Farmers have increased risks of leukemia. multiple

myeloma, and prostate cancer. Pesticide applicators and arsenic-exposed manufa~turing workers are

at risk for lung cancer. Testicular cancer may also be increased in pesticide applicators. Both farmers

and pesticide applicators can have elevated risks of stomach cancers. {Maroni 1993, Moses 1989,

IARC 1991, Blair 1990a, McDuffie 1994, Alavanja 1994}

2.0. Summary of the Results

Out ofthe 37,072 original licenses, complete information was obtained for 34,211 (92%) individual

pesticide applicators. Ofthese, 10% were women and 90% men. Only 1392 (4%) ofthe cohort were

Hispanic by last name; information on race was only available for 7417 (22%) of the cohort.

predominantly through the death tapes and cancer incidence; the vast majority (97%) was white.

The overall mean age at first licensure issue was 39.26±13.19 with a range of 18 to 89 years; the mean

age at first licensure for the women was significantly younger than for men by 2 years (p<O.OOO1).

The mean number ofyears licensed was 6.93±4.27; for the women, the mean number ofyears licensed

was significantly less than the men by 1.5 years (p<O.OOO I). Of the different types of licensure,

23,301 (68%) were Private licenses, 7691 (23%) Commercial, and 3219 (9%) Public licenses. The

Private license holders were significantly older at first licensure and at death, and were licensed on

average longer than the Commercial and Public licenses.
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2.1. Overall

The PMR and MOR studies were useful in providing a contrast between the general Florida

population (PMR and MOR) and the NCI CORPS dataset (PMR) as comparison populations. In

particular, Prostate, Eye and Brain cancers were elevated across all three studies (although the

numbers of cancers were very small for Eye and Brain), while cardiovascular diseases and those

associated with tobacco and ethanol use were decreased.

In the Florida PMR, as seen in many studies comparing a relatively healthy occupational group to

the general population, external causes of death are significantly elevated. However, for the

Florida MOR using the proportion of deaths from ASHD as a relatively unbiased denominator, the

risk of death from all external causes is significantly less than the risk for the general Florida

population; for the CORPSPMR, using a more appropriate control group of other workers, there

is no difference between the risk of death from this cause for the study population and the other

working populations. Similar results were seen in the Florida and CORPS SMR study. Therefore,

external causes of death would not appear to be truly elevated for the study population. Of note,

there was an appropriately inverse dose-response effect for the SMR for external causes ofdeath with

increasing years ofexposure, especially with the Cox proportional hazard analysis (Table 38), since

less experienced workers are at greatest risk of "accidental" death. In addition. the significantly

increased risk of external causes mortality associated with Aerial licensure in the same analysis has

been described in previous studies; it is thought to be associated with the acute and chronic neurotoxic

effects of many pesticides on a highly skilled dangerous job.{Cantor 1990}

For both the general mortality SMR and the cancer incident SIR studies, these lic~nsed Florida

pesticide applicators have significantly decreased cancer incidence and overall mortality compared
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with the general Florida population. As with many occupational cohorts. the risks for chronic

diseases, such as cancer. were significantly decreased. even in the subpopulations by gender and

license type. Furthermore, as seen with similar worker cohorts. this cohort has a decreased risk of

cancer and other causes of mortality from etiologies associated with the use oftobacco products and

ethanol. Different from the CORPS PMR, the CORPS SMR is markedly similar in its mortality

profile to the general Florida population.

2.2. Males

With regards to cancer among male applicators, the most consistently elevated cancer incidence and

mortality were Testicular and Prostate. However, different from the literature, the incidence rates of

these cancers were elevated in both the licensure type subcohorts (Private vs Commercial and Public)

which suggests the possibility that previous mortality studies may have underestimated the risks of

these cancers. {Blair 1985, Burmeister 1990, Council 1988, Maroni 1993, McDowall 1984, Pearce

1990} It is also interesting the CORPS SMR comparison did not show an increase in Prostate cancer

mortality; this was the only major difference between the CORPS SMR and the Florida general

population comparisons. It is possible that these relatively healthy working populations are more

likely to die from prostate cancer exactly because they do not die of other causes so common in the

general population.

Eye and Bone were also elevated among the male applicators, more dramatically in the mortality than

the incidence study; the small number of cases makes definitive interpretation difficult although

similar elevations have been seen in other studies. Compared to other studies, the risks of leukemia

and brain cancer were not elevated in the incidence study, and only somewhat elevated in the mortality

study.{Blair 1985, Burmeister 1990, Brown 1991, Maroni 1993, Morrison 1992, Figa-Talamanca

117



I993a. Figa-Talamanca I993b}

There were no confirmed cases of soft tissue sarcoma in this cohort of pesticide applicators. and non

Hodgkin's lymphoma was not increased in any of the subpopulations examined. These findings are

at odds with previously published literature associating the use of the phenoxy herbicides with an

increased risk of both non Hodgkin's lymphoma and soft tissue sarcoma. {Cantor 1992. Johnson ES

]990, Palackdharry ]994, Zahm 1992}

2.3. Females

The number offemale applicators was relatively small, as were the numbers of deaths and incident

cases of cancer in this subpopulation. They were also significantly younger and had significantly

decreased exposure time compared to their male counterparts. Although comparisons cannot be made

across SMRs or SIRs, as described above, nevertheless as a whole the female applicators appear to

be healthier than the male applicators which is confirmed in the overall mortality Cox modeling: this

may be due to their decreased exposure, as well as the unstable risk measurements due to the small

number of female applicators. Breast cancer was not significantly elevated in any of the

subpopulations, despite the presence ofmultiple organochlorine pesticides on the Restricted Pesticide

List. Very few studies exist ofoccupational exposure to organochlorines in women with which to test

current hypotheses concerning the possible etiologic relationship between exposure to organochlorines

(as estrogen analogues) and the increased risk of breast cancer. {Krieger ]994, Wolff 1993}

Cervical cancer incidence was significantly increased in all women and in both subpopulations; in the

SMR study, Cervical cancer was insignificantly increased compared to the Florida population but not

the CORPS population. The fact that Cervical cancer was only increased in the cancer incidence and
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not the mortality study is consistent with existing excellent screening and treatment ayailability. A

significantly increased risk of Cervical cancer with increased number of years of exposure was seen.

Very little has been published on female pesticide applicators in general: therefore. although a small

subpopulation, these findings are of interest and deserve to be studied further. {Alavanja 1994. Hoar

Zahm 1993, McDuffie 1994}

2.4. Private (Fanners) vs Commercial and Public Applicators

With regards to the comparison oflicensure category, both licensure subcategories have a significantly

elevated risk for both Prostate and Testicular cancer incidence but not mortality. As discussed in

Chapter Two, Prostate cancer has been found to be elevated in fanners in multiple studies, while the

elevation for incident testicular cancer was seen in Swedish pesticide applicators by Wiklund as well

as limited elevated mortality in other groups. {Wiklund 1986, McDowall 1984, Blair 1983, Alberghini

1991, Alavanja 1989, Coggon 1986, Cantor 1990, Swaen 1992} As reviewed in Chapter Two, many

ofthe pesticide applicator studies have been cancer mortality rather than cancer incidence studies.

This is important since both Testicular and Prostate cancers have much higher incidence rates than

mortality rates due to excellent treatment available for the fonner and the general indolence of the

latter. This does not explain why the subpopulations would have different mortality rates but similar

incidence rates, unless the cancers are more aggressive in the licensure subcategories, or there are

access to care issues, possibly a diagnostic bias, or relative lack of competing causes of death.

As opposed to the mortality study, Eye and Bone cancers were elevated in both licensure

subcategories, more strongly among the Commercial and Public applicators. Again, the small

numbers ofcancer cases make interpretation difficult. Insignificant but elevated risks for Hodgkin's

Disease was only seen in the Private applications. Insignificant but elevated risks for Bone, Brain, and
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Leukemia death. but not cancer incidence. were shared by both licensure subpopulations.

Finally, as opposed to the increased risk for lung cancer seen among several cohorts of pesticide

applicators (including a separate cohort in Florida), lung cancer incidence was insignificantly

decreased among the Commercial and Public pesticide applicators. {Barthel 1986. Blair 1983. Pesatori

1994, Wang 1979}

2.6. Exposure

The most difficult findings to interpret in these analyses concern the cumulative occupational pesticide

exposure as measured by: calendar year offirst exposure, number ofyears ofexposure, and age at first

exposure. As per Checkoway et al (1989) and others, if a positive dose-response relationship exists

between pesticide exposure and various causes ofmortality or cancer incidence. then there should be:

decreasing risk with more recent calendar year of licensure; increasing risk with increased years of

licensure; and an increased risk with earlier age at licensure. Obviously, age is the most important

confounder in these dose-response analyses; however, in the SMR, SIR and the Cox proportional

hazard analyses, age is very tightly controlled.

For overall mortality and cancer incidence, as well as several other specific causes of mortality and

cancer incidence including Prostate cancer, an increased risk for earlier calendar year oflicensure was

found consistently in the analyses, suggesting a positive dose-response with exposure. However, an

inverse dose-response relationship (ie. the risk for death decreased with increasing number of years

of exposure) was found for the number of years exposed in all the analyses. This suggests a

paradoxical dose-response relationship, inconsistent with the possibility of associating occupational

pesticide exposure with risk of disease.
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One possible explanation for the apparently contradictory dose-response measurements is that this

cohort is relatively young and has not yet had time to develop its cancer incidence and mortality

profile. As possible supporting evidence (Table 10), is the concentration of the \'ast majority of the

deaths (72%) and the incident cases of cancer (68%) in the earliest subcohort (32% ofthe people)

licensed from 1975-1979. Subsequent subcohorts are younger with less exp.osure time. ie. an

inadequate latency period for the risk profile to have developed..

Another contributing factor may be relatively recent changes in cancer survival. Although there is no

strong dose-response relationship for mortality (Table 31) with the number of years licensed. there

is some suggestion of a dose-response relationship for Prostate, Testicular and Cervical cancer

incidence (Table 44) with increasing years of exposure, especially for the earliest subcohort from

1975-1979. As noted above, it is possible that screening and treatment advances over the past 20

years may have caused the increased incidence without a concomitant increase in mortality, especially

for these three cancer types. In other words, people are now more likely to be diagnosed and treated

for these particular cancers, but die of other causes of death.

Another issue which should be raised is the possibility ofexposure misclassification. The licensure

system (and the cohort) began artificially in 1975 with the EPA-mandated program, although many

ofthe Restricted List Pesticides had been used for years, presumably by many ofthe same people who

subsequently licensed. Therefore, the earliest subcohorts of the licensed applicators probably

represents a mixture ofpeople, some with significant past pesticide exposure and some with none.

In the earliest subcohort (Table 10), 89% of the people who died officially had 8 or less years of

exposure, but they could have been exposed for many years prior to initiation ofthe licensure system.

Subpopulation analyses looking at the 1980-84 subcohort do not indicate any significantly increased
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risks: however. the numbers of cases of death and incident cancer are still small. Given the younger

age and decreased exposure ofthis subcohort. it will probably be at least a decade before appropriate

latency is reached. Furthermore, over the past 20 years, occupational pesticide exposures have

probably decreased due to increasing enforcement and use ofpersonal protective equipment and more

selective use of p~sticides.

With regards to the third exposure variable, age at first licensure is the least precise of the three

exposure variables since it inherently assumes that persons who enter a cohort at an early age are more

likely to stay in the cohort for a longer period of time and thus be exposed longer. The correlation

coefficients for this cohort showed very little correlation between age at first licensure and the other

two exposure variables (Table 11); therefore, these basic assumptions are questionable. For the SMR

and the SIR (Tables 32 and 45), there was a consistently increasing risk with increasing age of first

licensure, despite contiolling for age, a paradoxical dose-response relationship. It should be noted

that the risk of cancer incidence or mortality in the analyses stratified by age at first entry into the

cohort was less in general than the Florida population comparison group.

On the other hand, in the Cox proportional hazard model (Tables 37-37 and 48-51), increasing age

at first licensure was associated with a significantly decreased risk of either mortality or cancer

incidence for the diseases examined. As opposed to the SMR and the SIR analyses, the Cox

proportional hazard model does not use an outside comparison group. As seen in Table 10, this

particular cohort has two important populations which can affect this variable: a large number of

relatively young people with very little exposure (the majority concentrated in the more recent

subcohorts), and an older group of heavily exposed apparently healthy survivors group (20% ofthe

earliest cohort survived with 16+ years of exposure). The impact of this latter group is probably the
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reason for the paradoxical association ofdecreasing risk with increasing years ofexposure. as well as

the decreasing risk with increasing age at first exposure. found in all the Cox analyses.

Therefore, given the lack of correlation with the other exposure variables, and the skewed age and

exposure distributions of the cohort, as well as possible over-controlling fQr age in the Cox

proportional hazard model when age is the outcome variable, it is probable that age at first licensure

is not an appropriate measure ofexposure in the analysis ofthis cohort. As discussed above. the issues

ofexposure misclassification (especially the probable inclusion ofpreviously exposed people), as well

as the predominantly young age ofthe cohort, can be postulated to explain the apparently paradoxical

dose-response relationship ofthe other two exposure variables.

3.0. Data Limitations

As discussed above, these analyses suffer from many of the data limitations seen in previous

epidemiologic studies of pesticide exposed workers. As with many previous studies, individual and

cohort-specific confounding (such as smoking), and detailed pesticide exposure information were not

obtained for this cohort. Additional limitations include issues ofthe healthy worker effect, exposure

measures, and loss to follow-up.

The use ofthe Florida population as the major comparison population is appropriate for geographic

and logistic considerations. However, in occupational studies, the use of a general population as a

comparison population must inherently raise the issue of the previously discussed healthy worker

effect, even for chronic diseases such as cancer. {Checkoway 1989, Monson 1990, Breslow 1987,

Kleinbaum 1988} The use of comparison worker populations (such as the National Cancer Institute
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(NCI)-National Institute ofOccupational Safety and Health (NIOSH) CORPS) when they are available

is always preferable. However, there are also inherent limitations with the CORPS dataset. including

the fact that these are pooled data from studies of worker populations with known carcinogenic

exposures which have not been updated since the mid 1980s. Thus, these comparison worker

populations can introduce their own biases. Furthermore, especially in the case of the CORPS SMR

data, it would appear that these are not particularly healthy working populations given the similarity

of the results to the general Florida SMRs.

As discussed above, the exposure measures are relatively crude and non-specific, based on the

licensure calendar year and years of exposure, as well as licensure subgroup and certification

subcategory. Therefore, licensure serves as a surrogate measure for exposure; this assumes that the

applicator uses the restricted chemicals throughout the 4-year licensure period; that in the case ofolder

persons, the applicator did not apply prior to the beginning of the licensure program (ie. prior to the

beginning of the cohort); that the applicator is actually applying the restricted use pesticides rather

than acting in a purely supervisory role since each licensed applicator may oversee up to 15 other

individuals. Furthermore, licensure allows the acquisition and use ofover 125 different restricted use

pesticides; there are no individual pesticide exposure data, beyond certain certification categories

(such as "aquatic" certification). There are also no individual or even group measures of important

confounding exposure variables, such as tobacco use or even non-occupational pesticide exposure.

The lack of these data is an important limitations on the conclusions which can be drawn from these

analyses.

As discussed in Chapter Three, date ofbirth information was not available for 2600 individuals in the

cohort; this information was not collected by the State nor was it found through the multiple data
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linkages perfonned. The majority of these 2600 individuals (>95%) were licensed prior to 1980. had

minimal exposure. and are assumed to be alive since they were not located by multiple data linkages.

Nevertheless, these persons were ultimately excluded from the Master Database cohort because date

of birth infonnation is essential for the statistical analyses perfonned. If these persons are

predominantly alive, this would decrease the paradoxical dose-response effects seen in the SIR and

SMR analyses when evaluating number ofyears licensed and age at first licensure; if these persons

are predominantly dead, then the paradoxical effects would be even greater. Regardless. the loss of

these persons to the cohort is an important limitation to these analyses and conclusions.

4.0. Conclusions

In general, this is a healthy cohort of men and women who have been relatively recently exposed

to restricted-use pesticides through their occupation. Compared to the general Florida population

and to a worker comparison group, these pesticide applicators are less likely to develop incident

cancer, or to die from variety of cause-specific chronic diseases, including the cardiovascular

diseases. In particular, these workers are less likely to develop or die from the tobacco- and

ethanol use-associated chronic diseases. With the exception of certified aerial applicators, these

pesticide applicators are also less likely to die from external causes of death.

The most interesting fmdings among the male applicators are the increased Testicular and Prostate

cancer incidence and mortality rates. These increases have been reported in the past, but with the

emphasis on mortality studies, Prostate cancer has been seen only with farmers and Testicular

cancer only with pesticide applicators. This study raises the issue that both Testicul~r and Prostate

cancers are increased among both farmers and pesticide applicators if cancer incidence rather than
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monality is examined, suggesting that shared exposures are involved. The differences in monality

rates across licensure category need to be examined further, including issues of differential tumor

aggressivity and access to care.

Previously reponed elevations in Soft Tissue Sarcoma and non Hodgkin's Lymphoma reponed in

herbicide exposed workers were not seen in this cohon. The relatively shon exposure period and

the rarity of Soft Tissue Sarcomas, as well as the lack of exact exposure data, may be imponant

issues in this finding. Elevations in Leukemia and Brain cancer reponed in other pesticide-exposed

worker groups were found only in the monality study, not the incidence study; this suggests

possible increased tumor aggressivity or access-to-care issues. Finally, increases in Lung cancer

reponed in other pesticide applicator groups, including a separate Florida cohon, were not

observed in this cohon.

Only a relatively small number of female applicators were present in the cohon, with even less

exposure than their male colleagues. Nevertheless, the lack of Breast cancer risk in these possibly

organochlorine-exposed individuals and the significant increase in Cervical cancer incidence are

imponant findings which deserve further exploration.

Finally, although the exposure information did not consistently show an association with disease

and pesticide exposure, the data limitation issues discussed above should be taken into account in

the interpretation of these data. Follow up of this cohon in 10 or more years would be

recommended to adequately evaluate the effects of exposure.
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S d'CfP "d A IASTable 1. umman'o estlc. e ~pplicator ancer tu les

Citation Total Subjects Total Cancer Risk Estimates Comments
(ObslExp)

Alavanja 1,495 323/306 Hodgkins OIE=2.72; Agricultural ExtensIOn
(USA (pMR/MOR) OIE=1.06 NHL OIE=2.32; Brain Agents;
1988) OIE=2.08; + dose response; no
1970-79 Bladder OIE=2.00; smoking data

MM OIE=1.97;
Leukemia OIE=1.8; -

Colon OIE=1.46:

Alavanja 1,411 342/310.9 NHL OIE=2.40; Forest & Soil
(USA (pMR/MOR) OIE=l.I Kidney OIE=2.l 0; Conservation;
1989) Prostate OIE=1.60; increased risk NHL
1970-79 Colon OIE=1.50 first employed before

1960: no smoking data

Alberghini 4,580 305 Brain SMR=1.69; licensed farmers;
(Italy SMR=O.68 Testis SMR=1.63; + dose respon~e; no
1991) Peritoneum MR=1.24 smoking data
1974-87

Asp 1,909 77/93.2 Thyroid SMR=3.81; Herbicide Applicators;
(Finland SMR=O.82 MM SMR=2.63; no new NHL or STS
1994) Esophagus SMR=1.31; deaths; no smoking
flu Riihirnaki Eye, Brain SMR=1.22 data
1955-71

Axelson 735 1115 Lung OIE=2/0.2; Railroad workers;
(Sweden, (348 flu) OIE= 2.2 Stomach OIE=3/0.7 increased total &
1974,1980) cancer mortality;
1957-72,'78 + latency effect; no

smoking data

Balarajan 8,222 Lymphomas RR=1.23; Farmers, Forestry
(England, (matched Lymphosarcoma Workers;
Wales, controls) RR=1.48; Hodgkins No Smoking data
1988) RR=1.42

Barthel 1,658 169 Lung SMR=2.00 + smoking data;
(GDR + dose reponse
1976,1981)
1948-72

Barthel 1,214 65/48.5 Stomach SMR=1.80; +dose response
(GDR SIR=1.33 Esophagus SMR=4.30;
1986) Melanoma SMR=5.88

Blair 3,827 84n3.7 Lung SMR=I.35; + dose response;
(USA SMR=l.I4 Brain SMR=2.00 no smoking data
1983)
1965-66
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Citation Total Subjects Total Cancer Risk Estimates Comments
(ObslExp)

Cantor 9,677 85 Leukemia SMR=1.71 ; Aerial Applicators \'s
(USA SMR=O.74 Larynx SMR=1.76; Instructors~ no
1990) (RR= 1.1 6) Prostate SMR=1.36; smoking data~ no dose
1965-79 Skin SMR=1.32 response

Pancreas SMR=1.34;
Kidney SMR=1.26;

-

Coggon 5754 297/276.3 Nasal SMR=4.93 $; Manufacturers,
(USA (4,078 herbicide SMR=1.07 Skin SMR=3.06$; Applicators phenoxy
1986) exposed) Testis SMR=2.23; acids;
1947-83 Leukemia SMR=1.75; no smoking data;

Thyroid SMR=1.70; + dose response
Mult Myel SMR=1.62;
Small Intestine
SMR=1.54; Larynx
SMR=1.34; Prostate
SMR=I .32; Brain
SMR=1.27

Corrao 25,945 631/877.81 Lymphatic SIR=1.40; licensed Male farmers;
(Italy SIR=O.70 Skin SIR=I.40; + dose response; + risk
1989) (Nervous SIR=2. 1 forest tree plantation;
1970-1983 before 1913) no smoking data

Green 1,222 18/16.39 Lung OIE=5/4.57; Forestry workers
(Canada SMR=I.09 Stomach OIE=2/1.05 public Utility;
1986,1991) + smoking data
1950-1982

Figa-Talamanca 2,310 86/120.1 Brain SMR=2.60$; Licensed pesticide
(Italy SMR=O.72 Mult Myel SMR=I.78; applicators;
1993a) Pancreas SMR=I.45; + dose response; no
1973-1988 Kidney SMR=I.20 smoking data

Figa-Talamanca 168 15/12.2 Nffi., SMR=10.00; licensed pesticide
(Italy SMR=I.23 Liver SMR=5.71$; applicators; no dose
1993b) Leukemia SMR=2.50; response;
1973-1982 Stomach SMR=2.31; no smoking data

Lung SMR=I.22

Hansen 4,015 217/207.7 CLL SIR=2.51; Nffi., Gardeners; STS in
(Denmark SIR=1.04 SIR=2.00; STS males only; no
1992) SIR=4.55 smoking data
1975-1984

Littorin 2,370 133/156.7 SIS SMR=1.70; Market gardeners &
(Sweden SMR=O.90 Nervous SMR=1.50; Orchardists;
1993) Stomach SMR=1.40; + dose response; no
1965-1982 Skin SMR=1.40 smoking data

Lymphomas 1.20
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Citation Total Subjects Total Cancer Risk Estimates Comments
(ObslExp)

Luchtrath 417 Lung SMR=I.69 (66% Wine growers~ chronic
(FDR (Case series) of cancers); Skin & arsenic~ no smoking
1983) Internal Organs data

[no statistical analysis]

MacMahon 16,126 232/227.4 Lung SMR=I.35*; Termite workers no
(USA SMR=l.Il Bladder SMR=1.23; - lung ca (chlordane);
1988; follow up Skin SMR=1.26 No dose response; no
of Wang) smoking data
1967-84

Morgan 2,620 10/26.7 Skin RR=5.70* 3,669 (2,620 exposed)
(USA [limited statistical volunteers from 13
1980) analysis] states; 70% follow-up~

1971-73 no smoking data

Notkola 2298 forestry RR=1.I7 Forest ForestI')',
(Finland, 772 farm/forestI')' RR=O.74 Fann/Forestry,
1993) Fann/Forest Construction workers;
1970, 1975, decreasing mortality
I980 with flu (30%) with time; no
1985 smoking data

Pesatori 4,411 130 Testis SMR=2.90; Structural applicators;
(USA (54 lung Ca SMR=1.20 Larynx SMR=2.40; + dose response;
1994) nested case Brain SMR=2.20; + latency;
flu Blair control; 4 BuccallPharynx +smoking data
1977-1982 matched SMR=I.40; Lung

controls) SMR=I.40; Leukemia
SMR=1.20

Riihimaki 1,926 20/24.3 MultMyel Herbicide applicators;
(Finland 5/11.3 01E=1/0.20; Prostate no smoking data
1982, 1983) OlE 2/1.1
1955-71,'80

Saracci 18,390 262/249.94 STS SMR=6.06, Manufacturers &
(10 countries (5,898 sprayers) SMR=1.05 SMR=8.82 for sprayers herbicides;
1991) sprayers; Thyroid STS excess 10-19 yr
1955-1990 SMR=3.67; latency;

Endocrine SMR=4.54; + dose response; no
NoseINasal Cavity smoking data
SMR=2.83

Stein 799 17 (no statistical analysis) National Pest Control
(USA RR=1.28 Association pilot
1964) survey; no smoking
1964 data
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•
Citation Total Subjects Total Cancer Risk Estimates Comments

(Obs!Exo)

Swaen 1341 31 MultMyei Herbicide applicators
(Netherlands SMR=1.l4 SMR=8.15*; Skin
1992) SMR=4.83; Hodgkin
1980-1988 SMR=3.34; Brain

SMR=3.18; Large
Intest SMR=2.55;
Pancreas SMR=2.18; -
Prostate SMR=1.31

Thomas 1,485 65181.88 Connective Pesticide Applicators
(1996 England) SMR=0.79 SMR=3.18; Bladder in 296 locations;
1980-1994 SMR=2.40; Leukemia 74/110 participate in

SMR=2.14; Rectum random survey: +
SMR=1.95; Melanoma smoking data
SMR=1.52; Stomach
SMR=1.29

Tollestrup 1,225 RR=1.20 for Males: Orchardists wI lead
(USA males Digestive RR=2.23; arsenate exposure;
1995) RR=1.31 for Pancreatic RR=I.42 1938 asssembled Neal
1938-1990 females Study Cohort mean

Females: urine arsenic 140 ugll
Digestive RR=3.09 (males), 118.1 ugll

(females); no smoking
data

Wang 16,126 47/65.2 Bladder SMR=2.77; 3 pesticide applicator
(USA 1979b) SMR=O.83 Lung SMR=I.55; Skin companies; no
1967-76 SMR=1.73 smoking data

Wiklund 20,245 558/649.8 Testis SIR=1.55; CNS Farmers & Pesticide
(Sweden SIR=O.86 SIR=1.20; Hodgkins applicators;
1986,1987, SIR=1.20; Endocrine + smoking data;
1988a, 1989) SIR=I.20 +dose response
1965-82

Wiklund 155 cases Respiratory cancer Orchardists;
(USA (155 controls) 30%>state comparison lead arsenate;
1988b) in cohort + smoking data; no

relation to exposure

el Zayadi 14 cases Farmers spraying
(Egypt arsenicals;no&Irlcingdala
1986)
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Table 2.

Categol1'

Master Database Eliminations

# Records Eliminated

Duplicates
Unknown gender
<18 years of age
Inadequate Social Security #
Inadequate Dates
No Date ofBirth
Out of state deaths

[there is overlap among the categories]
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2028
196
21
286
100
2664
51



Table 3.

Source

Hard Copy
Motor Vehicles
FCDS
Death Tapes
HCFA
BRI
EQUIFAX
AHCA

Complete listing ofRecord Source for the Master Database

Number of Records

7538
24198
1432
1881
6243
26
26
302

[there is overlap among the categories]
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Table 4. Hispanic and Gender distributions

Female Male Total

Entire Cohort:

Hispanic 121 1265 1386

Non 3435 29390 32825

Total 3556 30655 342Il

Cancer Incidence Cases:

Hispanic 31 32

Non 106 II 28 1234

Total 107 1159 1266

All Deaths:

Hispanic 43 44

Non 97 1734 1831

Total 98 1777 1875
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TableS. Mean Age at First Licensure, Length of Time Licensed, Mean Age at Death by Ethnic Group

Hispanic NonHispanic Total ttcst
mean±SD mean±SD mean±SD p value

Entire Cohort:

Mean Age First
Licensure 37.05±11.84 39.77±13.05 39.26±13.19 0.0001

Mean Years
Licensed 5.26±3.45 7.00±4.29 6.93±4.27 0.0001

Mean Age at Death 61.91±13.67 65.93±13.19 65.92±13.65 0.06

.-
-....)
0\



Table 6. Mean Age at First Licensure, Length of Time Licensed, Mean Age at Death by Gender

Female Male Total tte!lt
mean±SD mean±SD mean±SD p value

Entire Cohort:

Mean Age First
Licensure 37.68±12.32 39.4S±13.27 39.26±13.19 0.0001

Mean Years
Licensed S.47±3.04 7.09±4.36 6.93±4.27 0.0001

.- Mean Age at Death 62.43±IS.4S 66.12±I3.S2 6S.92±13.6S 0.02
~
~

Cancer Incidence Cases:

Mean Age First
Licensure 49.S8±12.71 SS.91±1O.81 S4.87±11.41 0.0001

Mean Years
Licensed 7.2S±3.11 8.94±3.68 8.80±3.67 0.0001

Mean Age at Death . 54.47±9.34 57.96±1O.41 S6.8S±I1.47 0.05



Table 6. Mean Age at First Licensure, Length of Time Licensed, Mean Age at Death by Gender (continued)

Female Male Total tted
mean±SD mean±SD mean±SD p value

All Deaths:

Mean Age First
Licensure 53.37±13.26 56.55±12.35 56.38±12.42 0.02

Mean Years- Licensed 7.27±2.73 8.23±2.99 8.18±2.98 0.001-...J
00

Mean Age at Death 62.43±15.45 66.12±13.52 65.92±13.65 0.02

PMRStudy:

Mean Age First
Licensure N/A 56.59±12.39 56.59±12.39

Mean Years
Licensed N/A 8.24±3.00 8.24±3.00

Mean Age at Death N/A 66.17±13.58 66. I7±IJ. 58



Table 7. Mean Age at First Licensure, Length of Time Licensed, Mean Age at Death by LicenseCate~ory

Private ComlPublic Total ttest
mean±SD mean±SD mean±SD p value

Entire Cohort:

Mean Age First
Licensure 41.42±13.65 35.91±1O.59 39.26±13.19 0.0001

Mean Years
Licensed 7.52±4.38 5.68±3.74 6.93±4.27 0.0001....

'-J
\0 Mean Age at Death 67.55±12.52 55.31±12.59 65.92±13.65 0.0001



Table 8. Licensure Type and Gender Distribution

Female Male Total

Entire Cohort:

Private 2546 20755 23301
Commercial 605 7086 7691
Public 405 2814 3219
Total 3556 30655 34211

Cancer Incidence Cases:

Private 94 966 1060
Commercial 8 120 128
Public 5 73 78
Total 107 1159 1266

All Deaths:

Private 86 1527 1613
Commercial 7 165 172
Public 5 85 90
Total 98 1777 1875

PMR Study:

Private 0 1457 1457
Commercial 0 158 158
Public 0 81 81
Total 0 1696 1696
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Table 9. License Certification Categories for the Entire Cohort

Certification Categor~'

Ornamental
Aquatic
Row Control
InstitutionlIndustry/Structure
Organic Paint
Demonstration & Research
Aerial
Regulatory
Plant
Forest
Animal
Public Health
Wood Treatment
County Trainer
Seed Treatment
Total

181

Numbers (%)

4994 (40%)
2268 (18%)
1565 (13%)
1228 (10%)
614 (5%)
510 (4%)
342 (3%)
280 (2%)
193 (2%)
171 (1%)
111(1%)
86 «1%)
69 «1%)
58«1%)
28 «1%)
12517



Table 10. Number of Years Licensed by Calendar Year ofCohort Entrance

Year of Cohort Entrance
1975- 1980- 1985- 1990- Total
(N
Horizontal %
Vertical %)

Number of Yean Licensed

Entire Cohort:

00- 0 809 1620 4933 7362 (22%)
0 II 22 67
0 II 18 73-00

to-> 04- 1740 4206 6671 1885 14502 (42%)
12 29 .46 13
16 56 74 27

08- 5288 2083 721 0 8012 (23%)
66 26 9 0
48 27 8 0

12- 1644 491 0 0 2135 (6%)
77 23 0 0
15 6 0 0

16- 2200 0 0 0 2200 (6%)
100 0 0 0
20 0 0 0

Total 10848 (32%) 7636 (22%) 8978 (26%) 6749 (20%) 34211



Table 10. Number of Years Licensed by Calendar Year of Cohort Entrance (continued)

Year of Cohort Entrance
1975- 1980- 1985- 1990- Total
(N
Horizontal %
Vertical %)

Number of Yean Licensed

Deaths:

00- 0 39 19 11 69 (4%)
0 57 28 15
0 II 13 46-00

w 04- 323 293 120 15 751 (40%)
43 39 16 2
24 80 84 55

08- 875 36 10 0 911 (49%)
96 4 I 0
65 9 3 0

12- 109 2 0 0 111(6%)
98 2 0 0
8 I 0 0

16- 33 0 0 0 33 (2%)
100 0 0 0
3 0 0 0

Total 1342 (72%) 368 (20%) 143 (8%) 22 (1%) 1875



Table 10. Number of Years Licensed by Calendar Year of Cohort Entrance (continued)

Year of Cohort Entrance
1975- 1980- 1985- 1990- Total
(N
Horizontal %
Vertical %)

Number of Years Licen!led

Cancer:

00- 0 29 33 13 73 (6%)
0 39 44 17
0 II 27 72-00

~ 04- 167 178 80 5 430 (34%)
39 41 19 I
19 69 65 28

08- 507 38 11 0 556 (44%)
91 7 2 0
59 15 9 0

12- 117 14 0 0 131 (10%)
89 II 0 0
14 5 0 0

16- 74 0 0 0 74 (6%)
100 0 0 0
9 0 0 0

Total 865 (68%) 259 (21%) 124 (10%) 18 (1%) 1266



Table 11. Correlation ofExposure Measures

Exposure Measure

Entire Cohort (N=34,211):

Years Licensed - Calendar Year Enter

Years Licensed - Age at First Issue

Age at First Issue - Calendar Year Enter

Deaths (N=1875):

Years Licensed - Calendar Year Enter

Years Licensed - Age at First Issue

Age at First Issue - Calendar Year Enter

Incident Cancers (N=1266):

Years Licensed - Calendar Year Enter

Years Licensed - Age at First Issue

Age at First Issue - Calendar Year Enter

Correlation
(pearson Correlation Coefficient)

0.78
(0.0001)

-0.11
(0.0001)

0.25
(0.001)

0.72
(0.0001)

-0.03
(0.0001 )

0.23
(0.001)

0.66
(0.0001)

-0.11
(0.0001)

0.09
(0.001)
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Table 12. Non Cancer Mortality ICD Codes used in Study (from NCI CORPS Data System)

pisease
Overall
Infectious Diseases

Tuberculosis
Allergic Endocrine

Diabetes Mellitus 250
Diseases of Blood
Mental
Nervous System
Circulatory System

Rheumatic 00
ASI-ID (w/CI-ID)
AI-ID
CNS Vascular

Respiratory diseases
Pneumonia
Emphysema
Asthma

Digestive Diseases
Ulcers
Cirrhosis

Genito Urinary
Chronic Nephritis

Skin Diseases
Bones and Joints
Senility
External Causes

Accidents
Motor Vehicle
Suicide

ICD Code'"
000-999
000-136
010-019
240-246, 250-279

280-289
290-315
320-389
390-398,400-416,420-438,440-458
393-398
410-416
410.0-414.9,429.2
430-438
460-486,490-493,500-519
480-486
492
493
520-577
531-533
571
580-629
582
680-709
710-738
780-796
800-998.0
800-949
810-827
950-959

". ICD 8th Revision Codes from CORPS data set (NCI, NIOSH)
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Table 13. Primesite C Codes and MOI1'hology corresponding to the Cancer incidence ICD Codes used In

Study (the latter from NCI CORPS Data System)

~ ICD Codelt Primesite C Morphology
Malignant Neoplasms 140-163,170 -209 000-349,400-809
BuccallPhaI)nx 140-149 000-149
Digestive 150-159 150-260

Esophagus 150 150-159
Stomach lSI 160-169
Large Intestine 153 180-189
Rectum 154 190-219
Liver 155-156 220-249
Pancreas 157 250-259

Respiratory 160-163 300-349
Larynx 161 320-329
Lung 162-163 330-349

Bone 170 400-419
Skin 172-173 440-449
Bladder 188 670-679
Kidney 189 640-659,680-689
Eye 190 690-699
Brain/CNS 191-192 700-729
Th)Toid 193 730-739
All Lymphopoietic 200-209 024,098,111, 142, 9590-9595, 9670-

9714
170-179,370-379, 9650-9667, 9800-

9941
420-424, 770-779 9720-9741

Lymphosarcoma 200 same 9590-9595, 9670-
9714

Hodgkins 201 same 9650-9667
Leukemia 204-207 420-424 9800-9941
Other Lymphatic 202-203, 208-209 same 9720-9741

Soft Tissue Sarcoma 171 Check location 8800-8804

Male Cancers only:
Prostate 185 610-619
Testis 186-187 600-609,620-639

Female Cancers only:
Breast 174 500-509
All Genital 179-184 510-579

Cervix 180 530-539
Uterus 180-182 550-559
Other Genital 183-184 560-569

* ICD 8th Revision Codes from CORPS data set (NCI, NIOSH)
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Table 14. All White Male Applicators: Non Cancer Mortality PMR and MOR

Mortality Cause
Observed
Number

Florida
PMR (95% CI)

Florida
MOR(95% CI) CORPS PMR (95% CI)

Overall 1696
Infectious Diseases 33

Tuberculosis 2
Allergic Endocrine 29

Diabetes 23
Diseases of Blood 6
Mental 10

_ Nervous System 34
gg Circulatory System 740

Rheumatic HD 5
ASHD (w/ClID) 484
AHD 510
CNS Vascular 88

Respiratory Diseases 52
Pneumonia 18
Emphysema 13
Asthma I

Digestive Diseases 53
Ulcers 6
Cirrhosis 25

1.00 (0.95-1.05)
0.72 (0.49-1.01)
1.14(0.11-4.11)
0.74 (0.49-1.06)
0.79 (0.50-1.18)
1.07 (0.39-2.34)
0.66 (0.31-1.22)
1.43 (0.99-1.99)
1.03 (0.96-1.10)
1.33 (0.43-3.11)
1.05 (0.96-1.14)
1.01 (0.92-1.10)
1.16 (0.92-1.40)
0.72 (0.54-0.94)*
0.59 (0.35-0.93)*
0.78 (0.41-1.34)
0.59 (0.06-3.31)
0.81 (0.59-1.03)
1.29 (0.47-2.82)
0.66 (0.43-0.97)*

0.91 (0.31-2.61)
0.48 (0.25-0.89)*
1.06 (0.27-4.19)
0.65 (0.42-1.0 I)
0.74 (0.48-1.15)
1.01 (0.69-1.49)
0.63 (0.34-1.15)
1.36 (0.99-1.81)
1.01 (0.93-1.1 I)
1.27 (0.54-3.07)
1.04 (0.92-1.18)
1.00 (0.96-1.04)
1.16 (0.93-1.45)
0.73 (0.55-0.97)*
0.59 (0.37-0.94)*
0.77 (0.45-1.33)
0.52 (0.07-3.80)
0.78 (0.57-1.07)
1.26 (0.57-2.79)
0.63 (0.42-0.96)*

1.19 (1.14-1.24)*
8.12 (5.59-11.40)*
0.89 (0.09-3.20)
2.11 (1.41-3.03)*
1.99 (1.26-2.98)*
1.65 (0.60-3.59)
2.76 (1.29-5.08)*
3.15 (2.18-4.40)*
1.09 (1.01-1.17)*
0.20 (0.06-0.47)*
0.92 (0.83-1.01)
no ICD Code available
1.18 (0.93-1.43)
0.66 (0.48-0.84)*
0.78 (0.46-1.23)
0.37 (0.20-0.63)*
1.39 (0.14-7.78)
1.38 (l.01-1.75)*
0.66 (0.24-1.44)
0.67 (0.43-0.97)*

[*= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted; the MaR comparison disease = AS~ ID]



Table 14. All White Male Applicators: Non Cancer Mortality PMR and MOR (continued)

Observed Florida Florida
Mortality Cause Number PMR(95% CI) MOR(95%CI) CORPS PMR (95% CI)

Genito Urinary 16 0.94 (0.55-1.53) 0.96 (0.58-1.58) 1.96 (1.15-3.19)A
Chronic Ncphriti 0

Skin Diseases I 0.74 (0.07-4.15) 0.73 (0.10-5.25) 0.5 I (0.05-2.86)
Bones and Joints 2 0.67 (0.07-2.41) 0.63 (0.16-2.54) 0.46 (0.05-1.66)
Senility 0
External Causes 170 1.24 (1.05-1.43)A 0.69 (0.52-0.91)A 1.03 (0.87-1.18)

Accidents 106 1.42 (I.15-1.69)A 0.76 (0.64-0.90)A 1.12 (0.91-1.33)
Motor Vehicle 46 1.10 (0.82-1.50) 0.53 (0.00-5.63) 1.35 (0.99-1.80)
Suicide 47 1.05 (0.77-1.39) 0.64 (0.01-90.19) 0.81 (0.59-1.08).....

00
\0

[A= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted; the MOR comparison disease =ASm)]



Table 15. All White Male Applicators: Cancer Mortality PMR and MOR

....
\0o

Mortality Cause

Malignant Neoplasms
BuccallPharynx
Digestive

Esophagus
Stomach
Large Intestine
Rectum
Liver
Pancreas

Respiratory
Larynx
Lung

Bone
Skin
Prostate
Testis
Bladder
Kidney
Eye
Brain/CNS

Observed
Number

482
7
III
II
II
42
7
16
22
176
2
174
3
15
59
1
7
13
3
21

Florida
PMR(95% CI)

1.03 (0.94-1.12)
0.57 (0.23-1.17)
1.01 (0.82-1.20)
0.95 (0.47-1.70)
0.82 (0.40-1.47)
1.01 (0.73-1.37)
0.95 (0.38-1.95)
1.49 (0.88-2.42)
0.99 (0.62-1.49)
0.95 (0.81-1.09)
0.34 (0.03-1.22)
0.97 (0.82-1.11)
3.58 (0.71-10.48)
1.24 (0.69-2.05)
1.43 (1.07-1.79)*
1.02 (0.10-5.70)
0.56 (0.22-1.15)
1.16 (0.62-1.99)
5.51 (1.11-16.30)*
1.75 (1.08-2.67)*

Florida
MOR (95% CI)

0.99 (0.88-1.11)
0.54 (0.22-1.12)
0.98 (0.73-1.32)
0.91 (0.49-1.67)
0.91 (0.45-1.55)
0.98 (0.65-1.49)
0.91 (0.43-1.92)
1.46 (0.86-2.37)
0.96 (0.59-1.56)
0.91 (0.76-1.09)
0.32 (0.09-1.20)
0.94 (0.78-1.13)
2.52 (0.92-6.89)
1.12 (0.77-1.61)
1.45 (1.11-1.91)*
0.61 (0.04-9.08)
0.55 (0.26-1.15)
1.11 (0.63-1.95)
5.46 (1.11-16.00)*
1.49 (0.91-2.29)

CORPS PMR (95% CI)

1.29 (1.18-1.40)*
0.54 (0.22-1.11)
1.65 (1.34-1.96)*
1.12 (0.55-2.0 I)
0.36 (0.18-0.65)*
2.52 (1.82-3.41)*
1.05 (0.42-2.16)
1.98 (1.16-13.13)*
1.03 (0.65-1.55)
1.11 (0.95-1.27)
0.25 (0.03-0.90)*
1.14 (0.97-1.30)
0.88 (0.18-2.58)
1.42 (0.79-2.45)
2.69 (2.00-3.38)*
0.80 (0.08-4.48)
0.53 (0.22-1.09)
0.60 (0.32-1.03)
4.94 (0.98-14.43)
1.76 (1.09-2.68)* I

[*= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted; the MOR comparison disease == ASI In!



Table 15. All White Male Applicators: Cancer Mortality PMR and MOR (continued)

Mortality Cause
Observed
Number

Florida
PMR (95% CI)

Florida
MOR(95% CI) CORPS PMR (95% CI)

Thyroid 0
All Lymphopoietic 40

LymphoSarcoma 1
Hodgkins 2
Leukemia 19
Other Lymphatic 18

0.99 (0.71-1.35)
0.38 (0.04-2.13)
1.32 (0.13-4.74)
1.57 (0.95-2.45)
0.75 (0.45-1.19)

0.90 (0.44-1.85)
0.33 (0.05-2.24)
0.94(0.12-7.41)
1.43 (0.93-2.19)
0.69 (0.41-1.16)

1.03 (0.74-1.40)
0.08 (0.01-0.45)*
0.64 (0.06-2.30)
1.31 (0.79-2.04)
1.18 (0.70-1.86)

...
~ [*= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted; the MaR comparison disease = ASIIDJ



Table 16. White Male Private Applicaton (Farmen): Non Cancer Mortality PMR and MOR

Mortality Cause
Observed
Number

Florida
PMR(95% CI)

Florida
MOR(95%CI) CORPS PMR (95% CI)

Overall 1457
Infectious Diseases 20

Tuberculosis 2
Allergic Endocrine 25

Diabetes 20
Diseases of Blood 6

.- Mental 9
~ Nervous System 30

Circulatory System 663
Rheumatic lID 3
ASIID (w/CIID) 433
AIID 466
CNS Vascular 78

Respiratory Diseases 48
Pneumonia 16
Emphysema 13
Asthma 1

Digestive Diseases 48
Ulcers 5
Cirrhosis 22

1.00 (0.95-1.05)
0.59 (0.01-0.91)*
1.38 (0.14-4.97)
0.75 (0.49-1.10)
0.79 (0.48-1.22)
1.20 (0.44-2.62)
0.71 (0.32-1.35)
1.43 (0.96-2.04)
1.04 (0.96-1.12)
0.93 (0.19-2.72)
1.06 (0.96-1.16)
1.02 (0.93-1.11)
1.13 (0.88-1.38)
0.76 (0.56-1.01)
0.58 (0.34-0.94)*
0.87 (0.46-1.49)
0.72 (0.07-4.03)
0.88 (0.65-1.17)
1.22 (0.39-2.86)
0.72 (0.45-1.09)

0.93 (0.64-1.34)
0.39 (0.20-0.79)*
1.28 (0.32-5.14)
0.69 (0.47-1.05)
0.75 (0.47-1.19)
1.16 (0.54-2.50)
0.68 (0.37-1.24)
1.38 (0.99-1.94)
1.02 (0.91-1.13)
0.89 (0.27-2.87)
1.04 (0.92-1.19)
1.00 (0.95-1.05)
1.14 (0.89-1.46)
0.75 (0.55-1.02)
0.58 (0.35-0.96)*
0.85 (0.50-1.47)
0.66 (0.09-4~80)

0.83 (0.58-1.19)
1.17 (0.49-2.77)
0.67 (0.43-1.04)

t.l9 (1.13-1.25)*
6.68 (4.08-10.30)*
1.12 (0.11-4.02)
2.42 (1.57-3.56)*
2.33 (1.42-3.59)*
1.84 (0.67-4.02)
3.86 (1.72-7.34)*
2.53 (1.70-3.61)*
1.12 (1.03-1.21)*
0.13 (0.01-0.18)*
0.95 (0.86-1.04)
no ICD Code available
1.19 (0.93-1.45)
0.63 (0.46-0.84)*
0.92 (0.54-1.50)
0.45 (0.24-0.77)*
1.57 (0.16-8.75)
1.36 (1.00-1.80)
0.57 (0.18-1.33)
0.69 (0.43-1.04)

1*= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted; the MOR comparison disease =ASI ID)



Table 16. White Male Private Applicaton (Farmer~): Non Cancer Mortality PMR and MOR (continued)

Mortality Cause
Observed
Number

Florida
PMR(95% CI)

Florida
MOR (95% CI) CORPS PMR (95% CI)

Genito Urinary 12 0.78 (0.40-1.36) 0.78 (0.44-1.38) 1.83 (0.95-3.96)
Chronic Nephriti 0

Skin Diseases I 0.82 (0.08-4.59) 0.81 (0.11-5.85) 0.64 (0.06-3.59)
Bones and Joints 2 0.78 (0.08-2.81) 0.72 (0.18-2.95) 0.59 (0.06-2.12)
Senility 0
External Causes 129 1.29 (1.07-1.51)* 0.86 (0.76-0.97)* 1.05 (0.83-1.27)

Accidents 78 1.43 (t.ll-1.75)* 0.94 (0.89-0.98)* 1.17 (0.91-1.43)-\0 Motor Vehicle 32 1.08 (0.74-1.52) 0.64 (0.06-6.54) 1.51 (1.03-2.13)*
UJ

Suicide 36 1.08 (0.75-1.49) 0.75 (0.52-1.04) 0.71 (0.50- 0.98)*

[*= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted; the MOR comparison disea~ = ASlnJ)



Table 17. White Male Private Applicators (Farmers): Cancer Mortality PMR and MOR

Mortality Cause
Observed
Number

Florida
PMR (958/0 CI)

Florida
MOR(95%CI) CORPS PMR (95% CI)

Malignant Neoplasms 402 0.99 (0.89-1.09) 0.95 (0.74-1.21) 1.22 (1.10-1.34)A
Buccal/Pharynx 5 0.49(0.16-1.15) 0.45 (0.19-1.07) 0.44 (0.14-1.03)
Digestive 90 0.95 (0.75-1.16) 0.91 (0.71-1.15) 1.53 (1.21-1.85)A

Esophagus 7 0.72 (0.29-1.48) 0.67 (0.32-1.41) 0.84 (0.30-1.73)
Stomach 8 0.69 (0.29-1.36) 0.66 (0.33-1.33) 0.26 (0.11-0.51)A

- Large Intestine 36 0.99 (0.69-1.37) 0.95 (0.66-1.38) 2.59 (1.81-3.58)*
\0 Rectum 6 0.94 (0.35-2.05) 0.90 (0.40-2.01) 1.13 (0.34-2.47)
~

Liver 13 1.39 (0.74-2.39) 1.33 (0.77-2.30) 1.87 (0.99-3.21)
Pancreas 19 0.99 (0.59-1.55) 0.95 (0.57-1.57) 1.00 (0.59-1.56)

Respiratory 143 0.91 (0.76-1.08) 0.85 (0.70-1.04) 1.09 (0.91-1.27)
Larynx I 0.20 (0.02-1.12) 0.19 (0.03-1.08) 0.18 (0.56-1.01)
Lung 142 0.93 (0.77-1.09) 0.88 (0.72-1.07) 1.12 (0.94-1.30)

Bone 2 2.94 (0.29-10.59) 2.27 (0.65-7.87) 0.39 (0.04-1.40)
Skin 12 1.22 (0.63-2.24) 1.12 (0.70-1.80) 1.15 (0.59-2.0 I)
Prostate 57 1.49 (1.13-1.88)* 1.52 (1.15-2.00)* 2.77 (2.05-3.49)A
Testis 0
Bladder 7 0.62 (0.24-1.28) 0.61 (0.29-1.29) 0.58 (0.23-1.19)
Kidney 10 1.04 (0.49-1.91) 0.98 (0.55-1.76) 0.54 (0.25-0.99)A

Eye 3 6.46 (1.33-19.13)A 6.19 (2.28-16.81)A 6.46 (1.13-16.60)A
Brain/CNS 16 1.63 (0.96-2.65) 1.45 (0.91-2.32) 1.48 (0.87-2.41)

[A= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted; the MOR comparison disease = ASIIDl



Table 17. White Male Private Applicaton (Farmer!!): Cancer Mortality PMR and MaR (continued)

Mortality Cau!!e
Ob!!erved
Number

Florida
PM R (950

/0 CI)
Florida
MOR(95% CI) CORPS PMR (95% CI)

1.04 (0.73- 1.44)
0.09 (0.01-0.50)*
0.69 (0.07-1.94)
1.13 (0.66-1.84)
1.46 (0.85-2.34)

0.97 (0.27-3.47)
0.42 (0.06-2.84)
1.44 (0.43-4.87)
1.44 (0.91-2.29)
0.76 (0.45- 1.30)

1.04 (0.73- 1.44)
0.45 (0.05-2.52)
1.69 (0. I 7-6.10)
1.54 (0.91-2.52)
0.82 (0.48-1.31)

Thyroid 0
All Lymphopoietic 36

LymphoS·arcoma I
Hodgkins 2
Leukemia 16
Other Lymphatic 17-\0

VI
[*= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted; the MaR comparison disease = ASHD]



Table 18. White Male Commercial & Public Applicaton: Non Cancer Mortality PMR and MOR

Mortality Cause
Observed
Number

Florida
PMR (95% CI)

Florida
MOR(95% CI) CORPS PMR (95% CI)

Overall 239 1.00 (0.87-1.13) 0.79 (0.35-1.79) 0.81 (0.71-0.91)*
Infectious Diseases 13 1.05 (0.56-1.80) 0.69 (0.01-5.13) 10.26 (5.19-17.56)*

Tuberculosis 0
Allergic Endocrine 4 0.67 (0.17-1.71) 0.47 (0.09-2.57) l.51 (0.38-3.85)

Diabetes 3 0.74 (0.15-2.17) 0.70 (0.20-2.54) 0.71 (0.14-2.08)
Diseases of Blood 0
Mental I 0.40 (0.04-2.24) 0.37 (0.04-3.02) 0.33 (0.03-1.85)-\0 Nervous System 4 1.47 (0.37-3.75) 1.13 (0.72-1.76) 2.12 (0.53-5.39)

0\
Circulatory System 77 0.93 (0.72-1.14) 0.99 (0.01-4.13) 0.52 (0.40-0.64)*

Rheumatic HD 2 3.77 (0.38-13.58) 3.68 (1.01-13.42)* 0.31 (0.03-1.12)
ASHD (w/CIID) 51 0.96 (0.70-1.22) 1.05 (0.72-1.53) 0.45 (0.33-0.57)*
AHD 55 0.91 (0.67-1.15) 1.00 (0.74-1.26) no ICD Code available
CNS Vascular 10 1.38 (0.55-2.54) 1.42 (0.76-2.67) 0.36 (0.17-0.66)*

Respiratory Diseases 4 0.56 (0.14-1.43) 0.53 (0.20-1.38) 0.91 (0.23-2.32)
Pneumonia 2 0.69 (0.07-2.49) 0.63 (0.13-3.17) 0.22 (0.02-0.79)*
Emphysema 0
Asthma 0

Digestive Diseases 5 0.46 (0.15-1.08) 0.49 (0.21-1.17) 0.39 (0.12-0.91)*
Ulcers I 1.89 (0.05-10.57) 2.03 (0.29-14.17) 0.57 (0.06-3.20)
Cirrhosis 3 0.41 (0.08-1.20) 0.46 (0.15-1.41) 0.35 (0.07-1.03)

[*= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted; the MOR comparison disease = ASI ")1



Table 18. White Male Commercial & Public Applicaton: Non Cancer Mortality PMR and MOR (continued)

Mortality Cause
Observed
Number

Florida
PMR(95%CI)

Florida
MOR(95%CI) CORPS PMR (95% CI)

.....
\0
--.oJ

Genito Urinary 4
Chronic Nephriti 0

Skin Diseases 0
Bones and Joints 0
Senility 0
External Causes 41

Accidents 28
Motor Vehicle 14
Suicide 11

2.69 (0.67-6.85)

1.1 1(0.79-1.51)
1.39 (0.92-2.01)
1.16 (0.64-1.95)
0.97 (0.48-1.74)

2.79 (1.07-7.28)*

0.42 (0.07-2.55)
0.50 (0.25-0.99)­
0.38 (0.04-3.94)
0.44 (0.04-5.58)

0.87 (0.22-2.22)

0.92 (0.66-1.25)
1.05 (0.70-1.52)
1.23 (0.68-2.07)
0.77 (0.38-1.38)

[*= statistically significant 95% Confidence Interval; all ratios are agc & calendar year adjusted; the MOR comparison discase = ASHD]



Table 19. White Male Commercial & Public Applicaton: Cancer Mortality PMR and MOR

Mortality Cause
Observed
Number

Florida
PMR(9S% CI)

Florida
MOR(9S%CI) CORPS PMR (9S"/o CI)

Malignant Neoplasms 80 1.24 (0.97-1.51) 1.25 (0.96-1.63) 0.99 (0.77-1.21)
Buccal/Pharynx 2 0.96 (0.10-3.46) 1.05 (0.17-6.36) 0.67 (0.07-2.41)
Digestive 21 1.44 (0.89-2.19) 1.52 (0.94-2.47) 1.04 (0.64-1.59)

Esophagus 4 2.25 (0.56-5.73) 2.41 (0.91-6.39) 1.59 (0.40-4.05)
Stomach 3 1.67 (0.34-4.92) 1.76 (0.57-5.43) 1.04 (0.21-3.05)
Large Intestine 6 1.18 (0.43-2.58) 1.25 (0.55-2.86) 0.54 (0.20- 1.18)....

\0 Rectum I 0.97 (0.09-5.44) 0.95 (0.09-10.12) 0.26 (0.03-1.46)
00

Liver 3 2.09 (0.42-6. I I) 2.16 (0.70-6.67) 1.7 I (0.34-5.03)
Pancreas 3 0.99 (0.20-2.90) t .07 (0.34-3.41) 0.73 (0. I5-2. 14)

Respiratory 33 1.22 (0.84-1.71) 1.31 (0.86-2.0 I) 1.05 (0.72-1.47)
Larynx I 1.05 (0. I 1-5.89) 1.14 (0.13-7.33) t .22 (0.12-4.59)
Lung 32 1.23 (0.84-1.73) t .33 (0.86-2.04) t .05 (0.72-1.48)

Bone I 6.26 (0.63-35.0) 3.26 (0.62-17.16) 1.45 (0.15-8.12)
Skin 3 1.37 (0.27-4.02) 1.10 (0.69-1.75) 1.75 (0.35-5.15)
Prostate 2 0.63 (0.06-2.27) 0.67 (0.16-2.76) 0.20 (0.05-1.76)
Testis t 4.11 (0.42-23.33) 2.01 (0.46-8.71) 2.68 (0.27-15.14)
Bladder 0
Kidney 3 1.81 (0.97-11.61) 1.97 (0.63-6.15) 2.01 (0.40-4.83)
Eye 0
Brain/CNS 5 2.31 (0.74-5.42) 1.95 (0.89-4.31) 1.44 (0.46-3.37)

[*= statistically significant 95% Confidence Interval; all ratios arc age & calendar year a~justed; the MOR comparison disease = ASI IDI



Table 19. White Male Commercial & Public Applicaton: Cancer Mortality PMR and MaR (continued)

Mortality Cause
Observed
Number

Florida
PMR (95% CI)

Florida
MOR(95% CI) CORPS PMR (95% CI)

Thyroid 0
All Lymphopoietic 4

LymphoSarcoma 0
Hodgkins 0
Leukemia 3
Other Lymphatic I

0.69 (0.17-I.76)

1.71 (0.34-5.03)
0.29 (0.03-1.62)

0.56 (0.16-1.89)

) .37 (0.47-4.03)
0.27 (0.04-1.87)

0.35 (0.09-0.89)*

0.65 (0.13-1.91)
0.16 (0.02-0.89)*

-\0 [*= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted; the MOR comparison disease = ASIIDJ
\0



Table 20. All Applicators: Non Cancer Mortalit)· SMR

Mortalit)· Cause
Obsen'cd
Number

Florida
SMR(95% Cn

Overall 1875
Infectious Diseases 37

Tuberculosis 2
Allergic Endocrine 34

Diabetes 26
Diseases ofBlood 6
Mental 10
Nervous System 35
Circulatory System 791

Rheumatic I-ID 5
ASI-ID (w/CI-ID) 510
AJll) 551
CNS Vascular 96

RespiratoI)' Diseases 58
Pneumonia 24
Emphysema 13
Asthma 1

Digestive Diseases 56
lJlcers 7
Cirrhosis 25

Genito lJrinary 18
Chronic Nephriti 0

Skin Diseases 1
Bones and Jomts 4
Senility 0
External Causes 188

Accidents 117
Motor Vehicle 54
Suicide 52

0.69 (0.67-0.73)*
0.49 (0.34-0.68)*
0.58 (0.06-2.10)
0.53 (0.37-0.75)*
0.56 (0.36-0.81)*
0.71 (0.26-1.55)
0.46 (0.21-0.80)*
1.08 (0.75-1.50)
0.81 (0.76-0.87)*
0.55 (0.16-1.27)
0.91 (0.84-0.99)*
0.88 (0.81-0.96)*
0.79 (0.64-0.97)*
0.63 (0.48-0.82)*
0.63 (0.40-0.93)*
0.65 (0.35-1.12)
0.21 (0.01-1.16)
0.57 (0.43-0.74)*
1.16 (0.46-2.38)
0.45 (0.29-0.66)*
0.74 (0.44-1.17)

0.37 (0.39-1.06)
0.48 (0.13-1.25)

0.88 (0.76-1.02)
1.01 (0.83-1.22)
0.82 (0.62-1.07)
0.90 (0.67-1.19)

[*= statistically significant 95% Confiden::e Interval; all ratios are age & calendar year adjusted]
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Table 21. All Applicators: Cancer Mortalit~·SMR

Mortalit~' Cause
Obsen'ed
Number

Florida
SMR(95% CI)

Malignant Neoplasms 532
BuccallPharynx 8
Digestive 124

Esophagus 11
Stomach 11
Large Intestine 49
Rectum 8
Liver 16
Pancreas 26

Respiratory 191
L8lj11X 2
Lung 189

Bone 3
Skin 15
Bladder 7
Kidney 15
Eye 3
Brain/CNS 23
Th)Toid 0
All Lymphopoietic 44

LymphoSarcoma 2
Hodgkins 2
Leukemia 21
Other Lymphatic 19

Soft Tissue Sarcoma 0

0.76 (0.70-0.84)*
0.49 (0.21-0.97)*
0.83 (0.69-0.99)*
0.75 (0.38-1.35)
0.63 (0.32-1.13)
0.86 (0.64-1.15)
0.81 (0.35-1.60)
1.12 (0.64-1.83)
0.82 (0.54-1.21)
0.83 (0.72-0.96)*
0.30 (0.03-1.08)
0.85 (0.74-0.99)*
2.47 (0.50- 7.23)
1.07 (0.60-1.77)
0.59 (0.24-1.22)
1.15 (0.64-1.89)
4.27 (0.86-12.49)
1.28 (0.81-1.92)

0.79 (0.57-1.07)
0.49 (0.06-1.77)
0.79 (0.09-2.89)
1.30 (0.81-1.99)
0.58 (0.35-0.91)*

[*= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted]
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Table 22. Male Applicators: !'ion Cancer Mortalit~·SMR Florida Comparison

Mortalit~· Cause
Obsen'ed
Number

Florida
SMR(95% CI)

Overall 1776
Infectious Diseases 35

Tuberculosis 2
Allergic Endocrine 32

Diabetes 26
Diseases ofBlood 6
Mental 10
Nervous System 34
Circulatory System 765

Rheumatic HD 5
ASHD (w/CHD) 498
AHD 536
CNS Vascula 90

Respiratory Diseases 53
Pneumonia 19
Emphysema 13
Asthma 1

Digestive Diseases 55
Ulcers 6
Cirrhosis 25

Genito Urinary 17
Chronic Nephriti 0

Skin Diseases I
Bones and Joints 4
Senility 0
External Causes 173

Accidents 110
Motor Vehicle 48
Suicide 46

0.72 (0.69-0.75)*
0.52 (0.36-0.73)*
0.64 (0.07-2.30)
0.56 (0.38-0.78)*
0.61 (0.40-0.89)*
0.78 (0.29-1.71)
0.48 (0.23-0.88)*
1.15 (0.80-1.61)
0.85 (0.80-0.92)*
0.60 (0.19-1.39)
0.97 (0.89-1.06)
0.94 (0.86-1.02)
0.81 (0.65-1.00)
0.63 (0.47-0.83)*
0.54 (0.33-0.85)*
0.71 (0.38-1.22)
0.23 (0.01-1.27)
0.61 (0.46-0.80)*
1.09 (0.40-2.36)
0.49 (0.32-0.72)*
0.77 (0.45-1.22)

0.41 (0.01-2.28)
0.53 (0.14-1.37)

0.90 (0.77-1.04)
1.05 (0.87-1.27)
0.81 (0.59-1.07)
0.88 (0.65-1.18)

[*= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted]

202



Table 23. Male Applicators: Cancer Mortality SMR: Florida Comparison

Observed Florida
Mortality Cause Number SMR(95% CI)

Malignant Neoplasms 498 0.78 (0.72-0.86)'"
BuccaJ/Pharynx 7 0.47 (0.19-0.97)'"
Digestive 113 0.83 (0.68-1.00)

Esophagus 11 0.82 (0.41-1.47)
Stomach 11 0.69 (0.35-1.24)
Large Intestine 42 0.81 (0.59-1.1 0)
Rectum 7 0.78 (0.31-1.60)
Liver 16 1.23 (0.71-2.01)
Pancreas 24 0.83 (0.53-1.24)

Respiratory 182 0.87 (0.75-1.01)
Larynx 2 0.33 (0.04-1.18)
Lung 180 0.89 (0.76-1.03)

Bone '" 2.72 (0.55- 7.96)oJ

Skin 15 1.18 (0.66-1.94)
Bladder 7 0.65 (0.26-1.33)
Kidney 13 1.09 (0.58-1.86)
Eye 3 4.67 (0.94-13.66)
Brain/CNS 22 1.34 (0.84-2.03)
Thyroid 0
All Lymphopoietic 41 0.81 (0.58-1.1 0)

LymphoSarcoma 2 0.54 (0.06-1.94)
Hodgkin's 2 0.88 (0.10-3.17)
Leukemia 19 1.29 (0.78-2.02)
Other Lymphatic 18 0.61 (0.36-0.96)*

Soft Tissue Sarcoma 0

Male Cancers only:
Prostate 64 2.38 (1.83-3.04)*
Testis 1 1.05 (0.01-5.81)

[*= statistically significant 95% Confidence Interval; all ratios are age- and calendar year-adjusted]
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Table 24. Male Applicators: Non Cancer Mortality SMR: CORPS Comparison

Mortality Cause
Observed
Number

CORPS
SMR (95% CI)

Overall 1776
Infectious Diseases 35

Tuberculosis 2
Allergic Endocrine 32

Diabetes 26
Diseases of Blood 6
Mental 10
Nervous System 34
Circulatory System 765

Rheumatic HD 5
ASHD (w/CHD) 498
AHD 536
CNS Vascular 90

Respiratory Diseases 53
Pneumonia 19
Emphysema 13
Asthma 1

Digestive Diseases 55
lJlcers 6
Cirrhosis 25

Genito lJrinary 17
Chronic Nephriti 0

Skin Diseases 1
Bones and Joints 4
Senility 0
External Causes 173

Accidents 110
Motor Vehicle 48
Suicide 46

0.45 (0.43-0.47)*
2.07 (1.44-2.88)*
0.34 (0.04-1.24)
0.68 (0.46-0.95)*
0.66 (0.43-0.96)*
1.08 (0.39-2.35)
0.55 (0.27-1.02)
1.45 (1.00-2.02)
0.44 (0.41-0.47)*
0.27 (0.09-0.63)*
0.41 (0.38-0.45)*
No ICD Code Available
0.49 (0.40-0.60)*
0.24 (0.18-0.31)*
0.29 (0.17-0.45)*
0.26 (0.14-0.44)*
0.30 (0.00-1.67)
0.37 (0.28-0.48)*
0.42 (0.15-0.91)*
0.26 (0.17-0.39)*
0.72 (0.42- 1.16)

1.55 (0.02-8.63)
0.66 (0.18-1.68)

0.64 (0.54-0.74)*
0.67 (0.55-0.81)*
0.63 (0.46-0.84)*
0.62 (0.45-0.82) *

[*= statistically significant 95% Confidence Interval; all ratios are age- and calendar year-adjusted]

204



Table 25. Male Applicators: Cancer Mortality SMR: CORPS Comparison

Mortality Cause
Obsen'ed
Number

CORPS
SMR (95% CI)

Malignant Neoplasms 498
Buccal/Pharynx 7
Digestive 113

Esophagus 11
Stomach 11
Large Intestine 42
Rectum 7
Liver 16
Pancreas 24

Respiratory 182
Larynx 2
Lung 180

Bone 3
Skin 15
Bladder 7
Kidney 13
Eye 3
Brain/CNS 22
Thyroid 0
All Lymphopoietic 41

LymphoSarcoma 2
Hodgkin's 2
Leukemia 19
Other Lymphatic 18

Soft Tissue Sarcoma 0

0.67 (0.61-0.73)*
0.45 (0.18-0.93)*
0.63 (0.52-0.75)*
0.94 (0.47-1.69)
0.37 (0.19-0.67)*
0.63 (0.46-0.86)*
0.63 (0.25-1.29)
1.39 (0.80-2.26)
0.83 (0.53-1.24)
0.68 (0.58-0.78)*
0.20 (0.02-0.71)*
0.70 (0.60-0.81)*
1.07 (0.22- 3.13)
1.44 (0.80-2.37)
0.37 (0.15-0.76)*
0.69 (0.37-1.19)
1.86 (0.37-5.44)
1.36 (0.85-2.06)

0.60 (0.43-0.82)*
0.28 (0.03-1.00)
0.32 (0.04-1.14)
0.77 (0.46-1.21)
0.67 (0.40-1.06)

Male Cancers only:
Prostate
Testis

64
1

1.16 (0.89-1.48)
0.34 (0.01-1.91)

[*= statistically significant 95% Confidence Interval; all ratios are age- and calendar year-adjusted]
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Table 26. Female Applicators: Non Cancer Mortalit~·Stv1R: Florida Comparison

Mortality Cause
Observed
Number

Florida
SMR (95% CI)

Overall 98
Infectious Disease 2

Tuberculosis 0
Allergic Endocrine 2

Diabetes 0
Diseases ofBlood 0
Mental 0
Nervous System 1
Circulatory System 26

Rheumatic lID 0
ASlID (w/ClID) 12
AlID 15
CNS Vascular 6

Respiratory Diseases 5
Pneumonia 5
Emphysema 0
Asthma 0

Digestive Diseases 1
Ulcers 1
Cirrhosis 0

Genito Urinary 1
Chronic Nephriti 0

Skin Diseases 0
Bones and Joints 0
Senility 0
External Causes 15

Accidents 7
Motor Vehicle 6
Suicide 6

0.44 (0.36-0.54)*
0.64 (0.07-2.30)

0.36 (0.04-1.30)

0.35 (0.01-1.94)
0.33 (0.21-0.48)*

0.26 (0.14-0.46)*
0.29 (0.16-0.48)*
0.57 (0.21-1.24)
0.62 (0.20-1.46)
1.46 (0.47-3.42)

0.12 (0.01-0.67)*
1.91 (0.03-10.64)

0.47 (0.01-2.61)

0.74 (0.41-1.22)
0.64 (0.26-1.31)
0.94 (0.34-2.04)
1.11 (0.41-2.42)

[*= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted]
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Table 27. Female Applicators: Cancer Mortalit)' SMR: Florida Comparison

Mortalit)' Cause
Obsen'ed
Number

Florida
SMR (95% CI)

Mali!?llant Neoplasms 34
BuccallPharynx I
Digestive 11

Esophagus 0
Stomach 0
Large Intestine 7
Rectum I
Liver 0
Pancreas 2

Respiratory 9
Larynx 0
Lung 9

Bone 0
Skin 0
Bladder 0
Kidney 2
Eye 0
Brain/CNS 1
Thyroid 0
All Lymphopoietic 3

LymphoSarcoma 0
Hodgkins 0
Leukemia 2
Other L)mphatic 1

Soft Tissue Sarcoma 0

0.58 (0.40-0.81)'"
0.74 (0.01-4.11)
0.86 (0.43-1.54)

1.44 (0.58-2.97)
1.19 (0.02-6.63)

0.74 (0.08-2.69)
0.47 (0.22-0.90)

0.49 (0.22-0.93)'"

1.80 (0.20-6.49)

0.65 (0.01-3.60)

0.62 (0.12-1.80)

1.42 (0.16-5.12)
0.35 (0.01-1.95)

Female Cancers only:
Breast
All Genital

Cervix
Uterus
Other Genital

4
2
1
1
1

0.76 (0.20-1.94)
0.75 (0.08-2.72)
1.32 (0.02-7.34)
0.94 (0.01-5.22)
0.63 (0.01-3.49)

["'= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted]
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Table 28. Female Applicators: Non Cancer Mortality SMR: CORPS Comparison

Mortality Cause
Obsen'ed
Number

CORPS
. SMR (95% CI)

Overall 98
Infectious Diseases 2

Tuberculosis 0
Allergic Endocrine 2

Diabetes 0
Diseases of Blood . 0
Mental 0
Nervous System ]
Circulatory System 26

Rheumatic HD 0
ASHD (w/CHD) ]2

AHD ]5

CNS Vascular 6
Respiratory Diseases 5

Pneumonia 5
Emphysema 0
Asthma 0

Digestive Diseases ]
Ulcers ]
Cirrhosis 0

Genito Urinary 1
Chronic Nephriti 0

Skin Diseases 0
Bones and Joints 0
Senility 0
External Causes 15

Accidents 7
Motor Vehicle 6
Suicide 6

0.49 (0.40-0.60)*
2,04 (0.23-7.38)

0.43 (0.05-1.56)

0.37 (0.01-2.04)
0.32 (0.21-0.47)*

0.24 (0.12-0.41)*
No ICD Code available
0.37 (0.14-0.81)*
0.71 (0.23-1.66)
1.83 (0.59-4.26)

0.14 (0.01-0.76)*
4.97 (0.06-27.63)

0.38 (0.01-2.10)

0.83 (0.46-] .36)
1.07 (0.43-2.21)
2.33 (0.85-5.07)
0.54 (0.20-1. ] 7)

[*= statistically significant 95% Confidence Interval; all ratios are age- and calendar year-adjusted]
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Table 29. Female Applicators: Cancer Mortalit~·SMR: CORPS Comparison

Mortalit~· Cause
Observed
Number

CORPS
SMR(95% CI)

Malignant Neoplasms 34
BuccallPhllI)'IlX 1
Digestive 11

Esophagus 0
Stomach 0
Large Intestine 7
Rectum 1
Liver 0
Pancreas 2

Respiratory 9
LllI)'IlX 0
LWlg 9

Bone 0
Skin 0
Bladder 0
Kidney 2
Eye 0
Brain/CNS 1
1lhyroid 0
All Lymphopoietic 3

LymphoSarcoma 0
Hodgkins 0
Leukemia 2
Other Lymphatic 1

Soft Tissue Sarcoma 0

0.70 (0.48-0.98)'"
4.57 (0.06-25.41)
0.94 (0.47-1.69)

1.43 (0.57-2.94)
2.78 (0.04-15.47)

0.67 (0.08-2.42)
1.20 (0.55-2.28)

1.25 (0.57-2.37)

3.17 (0.36-11.43)

2.48 (0.03-13.78)

0.76 (0.15-2.22)

1.65 (0.19-5.95)
0.47 (0.01-2.63)

Female Cancers only:
Breast
All Genital

Cervix
Uterus
Other Genital

4
2
1
1
1

0.44 (0.12-1.14)
0.24 (0.03-0.87)'"
0.31 (0.01-1.74)
0.20 (0.01-1.09)
0.31 (0.01-1.73)

[*= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted]
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Table 30. All, Male and Female Applicators: SMR b~' Calendar Year of First Licensure

Licensure Year
Obsen'ed
Number

Florida
SMR(95% CI)

Overall Mortalitv
All Applicators:
1975-1979
1980-1984
1985-1989
1990-1994

All Males:
1975-1979
1980-1984
1985-1989
1990-1994

All Females:
1975-1979
1980-1984
1985-1989
1990-1994

1327 0.70 (0.66-0.74)*
364 0.73 (0.66-0.81)*
142 0.59 (0.50-0.69)*
22 0.39 (0.34-0.54)*

1270 0.72 (0.68-0.76)*
341 0.77 (0.79-0.85)*
127 0.60 (0.50-0.72)*
20 0.39 (0.24-0.60)*

57 0.43 (0.32-0.55)*
23 0.45 (0.29-0.68)*
15 0.50 (0.28-0.82)*
2 0.42 (0.05-1.51)

[*= statistically significant 95% Confidence Interval; all ratios are age adjusted]
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Table 30. All, Male and Female Applicators: SMR b~' Calendar Year of First Licensure (contmucdJ

Obsen'ed Florida
Licensure Year Number SMR(95% CI)

Prostate Cancer Mortality
All Males:
1975-1979 51 2.51 (1.87-3.30)*
1980-1984 11 2.39 (1.19-4.27)*
1985-1989 2 1.15 (0.13-4.15)
1990-1994 0

External Causes ofMortalin'
All Applicators:
1975-1979 93 0.86 (0.70-1.06)
1980-1984 58 1.04 (0.79-1.34)
1985-1989 36 0.91 (0.63-1.25)
1990-1994 1 0.10 (0.01-0.54)*

All Males:
1975-1979 90 0.89 (0.72-1.10)
1980-1984 53 1.07 (0.80-1.40)
1985-1989 29 0.86 (0.58-1.23)
1990-1994 1 0.11 (0.01-0.60)*

All Females:
1975-1979 3 0.44 (0.09-1.27)
1980-1984 5 0.78 (0.25-1.82)
1985-1989 7 1.16 (0.47-2.40)
1990-1994 0

[*= statistically significant 95% Confidence Interval; all ratios are age adjusted]
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Table 31. All, Male and Female Applicators: SMR b~' yean of Licensure

Obsen'ed Florida
Years of Licensure Number SMR(95% el)

Overall Mortality
All Applicators:
Os4 63 0.64 (0.49-0.82)'"
4s8 743 0.86 (0.80-0.93)'"
8s12 900 0.74 (0.69-0.79)'"
12s16 115 0.42 (0.35-0.51)'"
16s20 33 0.15 (0.10-0.21)'"

All Males:
Os4 57 0.66 (0.50-0.85)'"
4s8 696 0.91 (0.84-0.98)'"
8s12 859 0.77 (0.72-0.82)'"
12s16 113 0.44 (0.36-0.53)'"
16s20 32 0.15 (0.10-0.21)'"

All Females:
Os4 6 0.51 (0.19-1.11)
4s8 47 0.50 (0.36-0.66)'"
8s12 41 0.44 (0.32-0.60)'"
12s16 2 0.15 (0.02-0.53)'"
16s20 1 0.17 (0.01-0.93)'"

Prostate Cancer Mortalit)'
All Males:
Os4 21 2.59 (1.60-3.96)'"
4s8 37 2.78 (1.95-3.83)'"
8sl2 5 1.83 (0.59-4.28)
12s16 1 0.49 (0.01-2.74)
16s20 0

1975-79 Male Applicators:
054 9 2.58 (1.18-4.89)'"
4s8 36 2.90 (2.03-4.01)'"
8s12 5 2.15 (0.67-4.88)
12s16 1 0.48 (0.02-2.69)
16s20 0

1980-84 Male Applicators:
Os4 10 3.20 (1.53-5.89)'"
4s8 1 1.08 (0.01-6.00)
.8s12 0
12s16 0
16s20 0

["'= statistically significant 95% Confidence Interval; all ratios are age & calenar year adjusted]
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Table 31. An, Male and Female Applicators SMR b~' ~'ears of Licensure (continued)

Years of Licensure

External Causes of Mortalit·
All Applicators:
0~;4

4$8
8$12
12s16
16$20

All Males:
Os4
4s8
8s12
12$16
16$20

All Females:
Os4
4s8
8$12
12$16
16$20

Observed
Number

8
104
63
9
4

8
93
60
9
3

o
11
3
o
1

Florida
SMR (95% el)

0.52 (0.23-1.03)
1.30 (1.06-1.57)*
0.95 (0.73-1.21)
0.36 (0.16-0.69)*
0.16 (0.04-0.41)*

0.60 (0.26-1.19)
1.35 (1.09-1.66)
0.98 (0.75-1.26)
0.38 (0.17-0.72)*
0.12 (0.02-0.36)*

0.97 (0.49-1.74)
0.57 (0.11-1.67)

1.77 (0.02-9.87)

[ill= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted]
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Table 32. All, Male and Female Applicators: SMR b~' Age at Licensure Issue

Age Group

Overall Mortality
All Applicators:

. 20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
85+

All Males:
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
85+

Obsen'ed
Number

18
46
52
67
115
171
257
322
312
258
144
60
28
5

14
45
49
60
102
165
248
302
298
248
137
58
27
5

Florida
SMR(95% el)

0.37 (0.22-0.59)*
0.54 (0.39-0.72)*
0.49 (0.37-0.65)*
0.54 (0.42-0.69)*
0.71 (0.59-0.85)*
0.67 (0.58-0.79)*
0.70 (0.62-0.79)*
0.78 (0.69-0.87)*
0.73 (0.65-0.81)*
0.74 (0.65-0.84)*
0.67 (0.56-0.78)*
0.64 (0.49-0.83)*
0.74 (0.49-1.07)
0.96 (0.31-2.23)

0.33 (0.18-0.55)*
0.59 (0.43-0.79)*
0.52 (0.38-0.69)*
0.53 (0.40-0.68)*
0.68 (0.56-0.83)*
0.71 (0.60-0.82)*
0.74 (0.65-0.83)*
0.79 (0.70-0.89)*
0.76 (0.67-0.85)*
0.77 (0.68-0.87)*
0.70 (0.58-0.82)*
0.68 (0.51-0.88)*
0.73 (0.48-1.06)
0.96 (0.31-2.23)

[*= statistically significant 95% Confidence Interval; calendar year adjusted]
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Table 32. All, Male and Female Applicators: SMR b~' Age at Licensure Issue (Continued)

Age Group

Overall Mortalit)·
All Females:
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
85+

Prostate Cancer Mortalit),
All Males:
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
85+

Obsen'ed
Number

4
1
3
7
13
6
9
20
14
10
7
2
1
o

3
1
5
8
14
21
6
4
1
1

Florida
SMR(95% el)

0.79 (0.21-2.02)
0.12 (0.01-0.64)*
0.30 (0.06-0.89)*
0.65 (0.26-1.34)
1.01 (0.54-1.73)
0.33 (0.12-0.72)*
0.30 (0.14-0.57)*
0.63 (0.39-0.98)*
0.37 (0.20-0.62)*
0.38 (0.18-0.70)*
0.36 (0.14-0.74)*
0.27 (0.03-0.97)*
1.39 (0.02-7.75)

5.63 (1.13-16.45)*
0.63 (0.01-3.49)
1.36 (0.59-2.68)
1.47 (0.63-2.90)
2.18 (1.19-3.66)*
3.88 (2.40-5.93)*
2.11 (0.77-4.59)
4.88 (1.31-12.49)*
4.51 (0.06-25.10)
33.18 (0.43-184.61)

[*= statistically significant 95% Confidence Interval; calendar year adjusted]

215



Table 32. All, Male and Female Applicators: SMR b~' Age at Licensure Issue (Contmued)

Age Group

External Causes of Mortality
All Applicators:
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
85+

Obsen'ed
Number

14
24
24
16
25
17
17
13
13
13
7
4
1
8

Florida
SMR(95% el)

0.53 (0.29-0.89)'"
0.66 (0.42-0.98)'"
0.74 (0.47-1.10)
0.62 (0.35-1.01)
1.20 (0.77-1.77)
0.86 (0.50-1.38)
0.94 (0.55-1.50)
0.96 (0.51-1.64)
1.31 (0.70-2.24)
2.09 (1.11-3.59)'"
2.21 (0.88-4.55)'"
3.95 (1.06-10.12)'"
3.77 (0.05-20.97)
0.52 (0.23-1.03)

["'= statistically significant 95% Confidence Interval; calendar year adjusted]
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Table 32. All. Male and Female Applicators: SMR b~' Age at Licensure Issue (Continued)

Age Group

External Causes of Mortality
All Males:
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
85+

All Females:
20-24
25-29
30-34
35-39
40-44
45-49
SO-54
55-59
60-64
65-69
70-74
75-79
80-84
85+

Obsernd
Number

II
23
22
15
24
15
16
12
12
12
6
4
I
o

3
I
2
I
I
2
I
I
I
I
I
o
o
o

Florida
SMR (95% el)

0.47 (0.23-0.84)*
0.71 (0.45-1.06)
0.75 (0.47-1.14)
0.64 (0.36-1.06)
1.26 (0.81-1.87)
0.83 (0.46-1.35)
0.97 (0.55-1.57)
0.96 (0.50-1.69)
1.34 (0.69-2.33)
2.11 (1.09-3.69)*
2.12 (0.77-4.62)
4.44 (1.19-11.36)*
3.77 (0.05-20.97)

1.06 (0.21-3.10)
0.26 (O.oJ -1.45)
0.62 (0.07-2.22)
0.41 (0.01-2.30)
0.55 (0.01-3.07)
1.27 (0.14-4.58)
0.62 (0.01-3.48)
0.92 (0.01-5.14)
1.04 (0.01-5.80)
1.88 (002-10.48)
2.91 (0.04-16.20)

[*= statistically significant 95% Confidence Interval; calendar year adjusted]
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Table 33. Male Printe (Farmer) Applicators: Non Cancer Mortalit~·SMR

Mortalit~·Cause
Obsen'ed
Number

Florida
SMR (95% CI)

Overall 1527
Infectious Diseases 22

Tuberculosis 2
Allergic Endocrine 28

Diabetes 23
Diseases of Blood 6
Mental 9
Nervous System 30
Circulatory System 686

Rheumatic HD 3
ASHD (w/CHD) 446
AJll) 480
CNS Vascular 79

Respiratory Diseases 49
Pneumonia 17
Emphysema 13
Asthma I

Digestive Diseases 50
Ulcers 5
Cirrhosis 22

Genito Urinary 13
Chronic Nephriti 0

Skin Diseases 1
Bones and Joints 3
Senility 0
External Causes 130

Accidents 81
Motor Vehicle 34
Suicide 35

0.71 (0.68-0.75)*
0.47 (0.30-0.72)*
0.79 (0.09-2.85)
0.58 (0.39-0.84)*
0.64 (0.40-0.96)*
0.94 (0.34-2.04)
0.53 (0.24-1.00)
1.20 (0.81-1.71)
0.87 (0.81-0.94)*
0.38 (0.08-1.11)
0.99 (0.90-1.09)
0.95 (0.87-1.04)
0.81 (0.64-1.01)
0.67 (0.50-0.89)*
0.56 (0.33-0.90)*
0.81 (0.43-1.39)
0.28 (0.01-1.57)
0.67 (0.50-0.89)*
1.04 (0.34-2.43)
0.53 (0.33-0.80)*
0.67 (0.35-1.14)

0.47 (0.01-2.62)
0.49 (0.10-1.42)

0.91 (0.76-1.09)
1.05 (0.83-1.30)
0.79 (0.54-1.10)
0.90 (0.63-1.26)

[*= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted]
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Table 34. Male Printe (Fanner)Applicators: Cancer Mortalit)· SMR

Obsen'ed
Mortalit)· Cause Number

Malignant Neoplasms 416
BuccaltPharynx 5
Digestive 92

Esophagus 7
Stomach 8
Large Intestine 36
Rectum 6
Liver 13
Pancreas 21

Respiratory 148
Larynx 1
Lung 147

Bone 2
Skin 12
Bladder 7
Kidney 10
Eye 3
Brain/CNS 17
Thyroid 0
All Lymphopoietic 36

LymphoSarcoma 1
Hodgkins 2
Leukemia 16
Other Lymphatic 17

Soft Tissue Sarcoma 0

Male Cancers only:
Prostate 62
Testis 0

Florida
SMR (95% CI)

0.77 (0.70-0.85)*
0.41 (0.13-0.95)*
0.79 (0.64-0.97)*
0.63 (0.25-1.29)
0.59 (0.26-1.17)
0.81 (0.57-1.12)
0.78 (0.29-1.71)
1.18 (0.63-2.02)
0.85 (0.53-1.30)
0.84 (0.71-0.99)*
0.20 (0.01-1.09)
0.86 (0.73-1.01)
2.29 (0.26- 8.27)
1.17 (0.61-2.05)
0.74 (0.30-1.52)
0.99 (0.48-1.83)
5.52 (1.11-16.12)*
1.28 (0.74-2.04)

0.85 (0.60-1.18)
0.32 (0.0 I-I.76)
1.13 (0.13-4.09)
1.31 (0.75-2.12)
0.68 (0.40-1.09)

2.56 (1.96-3.29)*

[*= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted] .
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Table 35. Male Commercial and Public Applicators: Non Cancer Mortalit~·SMR

Mortalit~·Cause
Observed
Number

Florida
SMR(95% CI)

Overall 250
Infectious Diseases 13

Tuberculosis 0
Allergic Endocrine 4

Diabetes 3
Diseases ofBlood 0
Mental I
Nervous System 4
Circulatory System 79

Rheumatic IID 2
ASIID (w/CIID) 52
AIm 56
CNS Vascular II

Respiratory Diseases 4
Pneumonia 2
Emphysema 0
.Asthma 0

Digestive Diseases 5
Ulcers I
Cirrhosis 3

Genito Urinary 4
Chronic Nephriti 0

Skin Diseases 0
Bones and Joints I
Senility 0
External Causes 43

Accidents 29
Motor Vehicle 14
Suicide II

0.70 (0.62-0.79)*
0.64 (0.34-1.09)

0.41 (0.11-1.06)
0.45 ~0.09-1.31)

0.26 (0.01-1.46)
0.91 (0.24-2.33)
0.74 (0.59-0.93)*
1.62 (0.18-5.84)
0.86 (0.64-1.13)
0.83 (0.63-1.07)
0.82 (0.41-1.47)
0.36 (0.10-0.93)*
0.44 (0.05-1.59)

0.32 (0.10-0.75)*
1.37 (0.02-7.64)
0.31 (0.06-0.89)*
1.48 (0.40-3.79)

0.76 (0.01-4.23)

0.84 (0.61-1.14)
1.08 (0.72-1.55)
0.86 (0.47-1.44~

0.82 (0.41-1.47)

[*= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted]
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Table 35. Male Commercial and Public Applicators: Non Cancer Mortalit~·SMR

Mortalit~·Cause
Observed
Number

Florida
SMR(95% el)

Overall 250
Infectious Diseases 13

Tuberculosis 0
Allergic Endocrine 4

Diabetes 3
Diseases ofBlood 0
Mental 1
Nervous System 4
Circulatory System 79

Rheumatic HD 2
ASHD (w/CHD) 52
AHD 56
CNS Vascular 11

Respiratory Diseases 4
Pneumonia 2
Emphysema 0
Asthma 0

Digestive Diseases 5
tJlcers 1
Cirrhosis 3

Genito tJrinary 4
Chronic Nephriti 0

Skin Diseases 0
Bones and Joints 1
Senility 0
External Causes 43

Accidents 29
Motor Vehicle 14
Suicide 11

0.70 (0.62-0.79)*
0.64 (0.34-1.09)

0.41 (0.11-1.06)
0.45 (0.09-1.31)

0.26 (0.01-1.46)
0.91 (0.24-2.33)
0.74 (0.59-0.93)*
1.62 (0.18-5.84)
0.86 (0.64-1.13)
0.83 (0.63-1.07)
0.82 (0.41-1.47)
0.36 (0.10-0.93)*
0.44 (0.05-1.59)

0.32 (0.10-0.75)*
1.37 (0.02-7.64)
0.31 (0.06-0.89)*
1.48 (0.40-3.79)

0.76 (0.01-4.23)

0.84 (0.61-1.14)
1.08 (0.72-1.55)
0.86 (0.47-1.44~

0.82 (0.41-1.47)

[*= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted]

220



Table 36. Male Commercial and Public Applicators: Cancer Mortalit~·SMR

Mortalit~·Cause
Obsen'ed
Number

Florida
SMR(95% CI)

Malignant Neoplasms 82
BuccallPhaI)'IlX 2
Digestive 21

Esophagus 4
Stomach 3
Large Intestine 6
Rectum 1
Liver 3
Pancreas 3

RespiratoI}' 34
LaI)'IlX 1
Lung 33

Bone I
Skin 3
Bladder 0
Kidney 3
Eye 0
Brain/CNS 5
1l.hyroid 0
All Lymphopoietic 5

LymphoSarcoma 1
Hodgkins 0
Leukemia 3
Other Lymphatic 1

. Soft Tissue Sarcoma 0

0.83 (0.66-1.03)
0.78 (0.09-2.83)
1.06 (0.65-1.61)
1.83 (0.49-4.69)
1.26 (0.25-3.69)
0.84 (0.31-1.82)
0.74 (0.01-4.11)
1.52 (0.31-4.43)
0.72 (0.15-2.11)
1.03 (0.71-1.44)
0.98 (0.01-5.46)
1.04 (0.72-1.46)
4.38 (0.06-24.35)
1.19 (0.24-3.49)

1.59 (0.32-4.65)

1.62 (0.52-3.79)

0.61 (0.20-1.42)
1.80 (0.02-10.04)

1.23 (0.25-3.61)
0.21 (0.Q1-1.18)

Male Cancers only:
Prostate
Testis

2
1

0.73 (0.08-2.65)
4.32 (0.06-24.02)

[*= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted]
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Table 37. All Applicators Cox Proportional Hazard Analyses for Overall Mortality

Covariahle Parameter Estimate Standard Error Risk Ratio r value

Single Covariable Regression:
Gender (0) [females= I] -0.4848 0.1043 0.62 0.0001
Hispanic (D) [Hispanic=l] -0.0661 0.1529 0.94 0.19
Incident cancer (0) [Cancer=l] 1.1018 0.0544 3.01 0.0001

Year of first licensure (C)
1975-79 0.6526 0.0939 1.92 0.0001
1980-84 0.5175 0.1005 1.68 0.0001

Age at first licensure (CO) -0.0672 0.0058 0.94 0.0001
"->
"-> Number ofyears licensed (CO) -0.0397 0.0068 0.96 0.0001
"-> Number ofyears licensed (C)

4-8 0.4782 0.1319 1.61 0.0003
R-12 0.5557 0.1328 1.74 0.0001
12-16 0.0084 0.1577 1.01 0.96
16-20 -0.9887 0.2134 0.37 0.0001

Licensure type (0) [private=l] -0.0074 0.0708 0.99 0.01
Aerial licensure (D) [Aerial=1] 0.0505 0.2599 1.05 0.85
Aquatic licensure (D) [Aquatic=l] 0.1166 0.1374 1.12 0.39

Exposure Model (Entire Cohort):
Age at first licensure (CO) -0.1309 0.0090 0.88 0.0001
Number ofyears licensed (CO) -0.1312 0.0072 0.88 0.0001

Exposure Model (1975-1979)
Age at first licensure (CO) -0.0593 0.0108 0.94 0.000.
Number ofyears licensed (CO) -0.1495 0.0119 086 0.0001

[0= Dichotomous; C=CategoricaL CO=Continuous]



Table 38. All Applicators Cox Proportional Hazard Analyses for External Causes Mortality

Covariable Parameter Edimate Standard Error Risk Ratio p value

Single Covariable Regression:
Gendcr (0) [females=I] -0.2144 0.2698 0.81 0.43
Hispanic (D) [Hispanic=I] -0.2629 04541 0.77 0.56
Incident cancer (D) [Cancer=I] -0.3622 0.3522 0.69 0.31

Year of first licensure (C)
1975-79 0.4059 0.2228 1.50 0.07
1980-84 0.5441 0.2148 1.72 0.01

Age at first licensure (CO) -0.0958 0.0167 0.91 0.0001
N

Number ofyears licensed (CO) -0.0579 0.0212 0.94 0.006N
w

Number ofyears licensed (C)
4-8 0.8687 0.3483 2.38 0.01
8-12 0.7534 0.3651 2.12 0.04
12-16 0.0191 0.4745 1.02 0.96
16-20 -0.6689 0.6042 0.51 0.27

Licensure type (D) [Private=I] 0.0043 0.1765 1.00 0.98
Aerialliccnsure (D) [Aerial=I] 1.4767 0.3636 4.38 0.001
Aquatic licensure (D) [Aquatic=I] 0.3841 0.2813 1.47 0.17

Exposure Model (Entire Cohort)
Age at first licensure (CO) -0.2064 0.0265 0.81 0.0001
Number ofyears licensed (CO) -0.1845 0.0349 0.83 0.0001

Exposure Model (1975-1979)
Age at first licensure (CO) -0.2842 0.0495 0.75 0.0001
Number ofyears licensed (CO) -0.1133 0.0457 0.89 0.01

rD= Dichotomous; C=Categorical; CO=Continuous]



Table 39. All Male Applicators Cox Proportional Hazard Analyses for Prostate Cancer Mortality

Covarlable Parameter Edlmate Standard Error RI~k Ratio p value

Single Covariable Regression:
Gender (D) [females= I]
Hispanic (D) [Hispanic=l]
Incident cancer (D) [Cancer=l] 2.9099 0.3032 18.36 0.0001

Year of first licensure (C)
1975-79' 0.8095 0.7291 2.25 0.27
1980-84 0.8159 0.7715 2.26 0.29

Age at first licensure (CO) -0.0481 0.0339 0.95 0.16
Number ofyears licensed (CO) -0.0247 0.0400 0.98 0.54

N
Number ofyears licensed (C)N

~
4-8
8-12
12-16
16-20

Licensure type (0) [Private= I] 0.9900 0.7296 2.69 0.18
Aerial licensure (D) [Aerial=l]
Aquatic licensure (D) [Aquatic=l] 0.1087 1.0162 1.12 0.92

Exposure Model (Entire Cohort)
Age at first licensure (CO) -0.2635 0.05662 0.77 0.0001
Number ofyears licensed (CO) -0.1956 0.0652 0.82 0.003

Exposure Model (1975-1979)
Age at first licensure (CO) -0.3021 0.0739 0.74 0.0001
Number ofyears licensed (CO) -0.1104 0.0848 0.89 0.19

[D= Dichotomous; C=Categorical; CO=Continuous]



Table 40. All Applicators: Cancer incidence SIR

Cancer Cause
Obsen'ed
Number

Florida
SIR (95% CI)

Malignant Neoplasms 1266
BuccallPharynx 40
Digestive 242

Esophagus 14
Stomach 15
Large Intestine 108
Rectum 55
Liver 18
Pancreas 27

Respiratory 245
Larynx 12
Lung 231

Bone 5
Skm 53
Kidney 27
Eye 5
Brain/CNS 26
1l.hyroid 8
All Lymphopoietic 82

LymphoSarcoma 34
Hoops 8 -
Leukemia 28
Other Lymphatic 12

Soft Tissue Sarcoma 0

0.72 (0.68-0.76)*
0.70 (0.50-0.95)*
0.75 (0.66-0.85)*
0.78 (0.42-1.30)
0.49 (0.28-0.81)*
0.71 (0.58-0.86)*
0.86 (0.65-1.12)
1.12 (0.64-1.83)
0.82 (0.54-1.19)
0.76 (0.66-0.86)*
0.44 (0.23-0.76)*
0.79 (0.69-0.90)*
1.42 (0.46- 3.32)
0.94 (0.70-1.23)
0.70 (0.46-1.02)
1.65 (0.53-3.84)
1.08 (0.70-1.58)
0.51 (0.22-1.01)
0.89 (0.71-1.11)
0.88 (0.61-1.23)
0.96 (0.41-1.89)
0.96 (0.64-1.38)
0.78 (0.40-1.36)

[*= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted]
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Table 41. Male Applicators: Cancer incidence sm

Cancer Cause
Observed
Number

Florida
SIR (95% CI)

Malignant Neoplasms 1159
BuccallPharynx 35
Digestive 227

Esophagus 14
Stomach 15
Large Intestine 98
Rectum 52
Liver 18
Pancreas 26

Respiratory 230
Larynx 12
Lung 216

Bone 5
Skin 48
Prostate 353
Testis 23
Bladder 59
Kidney 26
Eye 5
Brain/CNS 24
Thyroid 6
All Lymphopoietic 76

LymphoSarcoma 32
Hodgkins 8
Leukemia 25
Other Lymphatic 11

Soft Tissue Sarcoma 0

0.72 (0.68-0.76)*
0.67 (0.47-0.93)*
0.76 (0.67-0.87)*
0.85 (0.46-1.42)
0.54 (0.30-0.89)*
0.70 (0.57-0.86)*
0.89 (0.66-1.16)
1.13 (0.67-1.79)
0.86 (0.56-1.26)
0.77 (0.68-0.88)*
0.48 (0.25-0.83)*
0.81 (0.70-0.92)*
1.57 (0.51- 3.66)
0.94 (0.69-1.24)
1.92 (1.73-2.14)*
2.49 (1.58-3.74)*
0.94 (0.74-1.25)
0.74 (0.48-1.08)
1.80 (0.58-4.21)
1.09 (0.70-1.63)
0.43 (0.16-0.93)*
0.91 (0.71-1.14)
Q.91 (0.62-1.28)
1.07 (0.46-2.11)
0.94 (0.61-1.38)
0.78 (0.39-1.40)

[*= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted]
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Table 42. Female Applicators: Cancer incidence sm

Cancer Cause
Obsen'ed
Number

Florida
Sm(95% CI)

Malignant Neoplasms 107
BuccallPharynx 5
Digestive 15

Esophagus 0
Stomach 0
Large Intestine 10
Rectum 3
Liver 0
Pancreas 1

Respiratory 15
Larynx 0
Lung 15

Bone 0
Skm 5
Bladder 3
Kidney 1
Eye 0
Brain/CNS 2
1l.hyroid 2
All L~mphopoietic 6

LymphoSarcoma 2
Hodgkms 0
Leukemia 3
Other Lymphatic 1

Soft Tissue Sarcoma 0

0.73 (0.59-0.88)*
1.04 (0.33-2.42)
0.56 (0.31-0.92)*

0.79 (0.38-1.45)
0.56 (0.11-1.64)

0.36 (0.01-2.02)
0.56 (0.31-0.93)*

0.62 (0.35-1.03)

0.94 (0.30-2.18)
0.55 (0.11-1.59)
0.31 (0.01-1.72)

0.92 (0.10-3.33)
1.33 (0.15-4.79)
0.74 (0.27-1.61)
0.59 (0.07-2.12)

U8 (0.24-3.44)
0.78 (0.01-4.33)

Female Cancers only:
Breast
All Genital

Cervix
Uterus
Other Genital

26
23
11
II
3

1.14 (0.74-1.67)
2.08 (1.32-3.12)*
3.71 (1.85-6.64)*
1.45 (0.72-2.59)
0.90 (0.18-2.63)

[*= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted]
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Table 43. All, Male and Female Applicators:Cancer incidence SIR b~· Calendar Year of First
Licensure

Observed Florida
Licensure Year Number SIR (95% CI)

Overall Cancer Incidence
All Applicators:
1975-1979 865 0.76 (0.71-0.82)*
1980-1984 259 0.69 (0.61-0.78)*
1985-1989 124 0.61 (0.50-0.72)*
1990-1994 18 0.34 (0.20-0.54)*

All Males:
1975-1979 807 0.77 (0.71-0.82)*
1980-1984 232 0.69 (0.60-0.78)*
1985-1989 104 0.58 (0.47-0.70)*
1990-1994 16 0.33 (0.19-0.54)*

All Females:
1975-1979 58 0.73 (0.56-0.95)*
1980-1984 27 0.70 (0.46-1.02)
1985-1989 20 0.78 (0.48-1.21)
1990-1994 2 0.46 (0.05-1.66)

Testicular Cancer Incidence
All Males:
1975-1979 11 3.15 (1.57-5.64)*
1980-1984 8 2.98 (1.28-5.86)*
1985-1989 4 1.73 (0.47-4.44)
1990-1994 0

Prostate Cancer Incidence
All Males:
1975-1979 265 1.99 (1.75-2.25)*
1980-1984 65 1.89 (1.45-2.40)*
1985-1989 29 1.79 (1.20-2.57)*
1990-1994 3 0.67 (0.14-2.07)

Cervical Cancer
All Females:
1975-1979 2 2.19 (0.25-7.89)
1980-1984 1 1.08 (0.01-6.00)
1985-1989 8 8.54 (3.68-16.82)*
1990-1994 0

[*= statistically significant 95% Confidence Interval; all ratios are age adjusted]
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Table 44. All, Male and Female Applicators: Cancer incidence SIR b~' ~-ears of Licensure

Years of Licensure

Overall Cancer Incidence

Observed
Number

Florida
SIR (95% CI)

All Applicators:
0$4
4$8
8$12
12$16
16$20

All Males:
0$4
4$8
8$12
12$16
16$20

All Females:
0$4
4$8
8$12
12$16
16$20

Testicular Cancer Incidence
All Males:
0$4
4$8
8$12
12$16
16$20

1975-79 Male Applicators:
0$4
4$8
8$12
12$16
16$20

1980-84 Male Applicators:
0$4
4$8
8$12
12$16
16$20

69 0.84 (0.65-1.06)
431 0.71 (0.65-0.78)*
552 0.77 (0.71-0.84)*
136 0.72 (0.60-0.85)*
69 0.42 (0.33-0.53)*

60 0.83 (0.63-1.07)
373 0.70 (0.63-0.77)*
520 0.79 (0.72-0.86)*
131 0.73 (0.61-0.86)*
66 0.41 (0.32-0.52)*

9 0.91 (0.41-1.72)
58 0.85 (0.65-1.10)
32 0.58 (0.39-0.82)*
5 0.51 (0.16-1.19)
3 0.71 (0.14-2.06)

2 2.28 (0.26-8.22)
6 1.52 (0.55-3.30)
7 2.86 (1.15-5.90)*
4 4.98 (1.60-11.61)*
3 2.24 (0.25-8.10)

1 3.25 (0.08-15.09)
1 1.96 (0.03-10.90)
6 3.85 (1.41-8.38)*
1 1.68 (0.02-9.33)
3 3.54 (0.71-10.35)

1 3.60 (0.05-20.01)
3 2.12 (0.43-6.19)
1 1.28 (0.02-7.15)
3 14.00 (2.81-40.89)*
0

[*= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted]
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Table 44. All, Male and Female Applicators: Cancer incidence SIR b~' ~'ears of Licensure
(continued)

Years of Licensure
Observed
Number

Florida
SIR (95% CI)

Prostate Cancer Mortalilj'
All Males:
0$4 13 2.00 (1.06-3.42)*
4$8 109 1.83 (1.50-2.21)*
8s12 165 2.01 (1.71-2.34)*
12s16 40 2.11 (1.51-2.88)*
16$20 24 1.55 (0.99-2.31)

1975-79 Male Applicators:
Os4 8 1.80 (1.05-3.50)*
4$8 44 1.97 (1.43-2.64)*
8sl2 152 2.03 (1.72-2.38)*
12$16 36 2.23 (1.56-3.09)*
16s20 24 1.58 (1.01-2.34)*

1980-84 Male Applicators:
Os4 5 1.70 (0.55-3.96)
4s8 45 2.00 (1.46-2.68)*
8$12 12 1.61 (0.83-2.82)
12$16 3 1.87 (0.38-5.47)
16s20 0

[*= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted]
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Table 4~. All, Male and Female Applicators: Cancer incidence SIR b~' ~'ears of Licensure
(continued)

Years of Licensure

Cervical Cancer Incidence
All Females:
0~4

4~8

8~12

12~16

16~20

1975-79 Female Applicators:
0$4
4~8

8$12
12$16
16~20

1980-84 Female Applicators:
0$4
4~8

8$12
12~16

16~20

Observed
Number

4
4
2
1
o

2
o
1
1
o

o
1
o
o
o

Florida
SIR (95% CI)

12.86 (3.46-32.93)*
2.41 (0.65-6.16)
2.72 (0.31-9.81)
5.55 (0.07-30.90)

1.98 (0.65-6.16)

2.04 (0.03-11.35)
10.88 (0.14-60.53)

1.73 (0.02-9.63)

[*= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted]
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Table 45. All, Male and Female Applicators: Cancer incidence SIR b~' Age at Licensure Issue

Age Group

Overall Cancer Incidence
All Applicators:
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
85+

All Males:
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
85+

Obsen'ed
Number

14
23
29
45
77
146
221
226
225
163
66
23
7
1

10
17
22
34
71
135
205
206
210
155
63
23
7
1

Florida
SIR (95% CI)

0.64 (0.35-1.07)
0.46 (0.29-0.69)*
0.38 (0.25-0.54)*
0.43 (0.32-0.58)*
0.55 (0.43-0.69)*
0.69 (0.58-0.81)*
0.74 (0.64-0.84)*
0.71 (0.62-0.81)*
0.82 (0.71-0.93)*
0.98 (0.84-1.14)
0.88 (0.68-1.12)
1.16 (0.74-1.74)

. 1.33 (0.53-2.75)
1.89 (0.03-10.50)

0.51 (0.24-0.94)*
0.38 (0.22-0.60)*
0.32 (0.20-0.48)*
0.36 (0.25-0.50)*
0.55 (0.43-0.70)*
0.69 (0.58-0.82)*
0.75 (0.65-0.85)*
0.71 (0.61-0.81)*
0.84 (0.73-0.96)*
1.02 (0.86-1.19)
0.93 (0.72-1.19)
1.27 (0.81-1.91)
1.36 (0.55-2.80)
1.89 (0.02-10.50)

[*= statistically significant 95% Confidence Interval)
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Table 45. All, Male and Female Applicators: Cancer incidence SIR b~' Age at Licensure Issue
(Continued)

Age Group

Overall Cancer Incidence
All Females:
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
85+

Testicular Cancer Incidence
All Males:
20-24
25-29
30-35
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
85+

Observed
Number

4
6
7
II
6
II
16
20
15
8
3
o
o
o

4
8
4
1
2
1
o
o
1
1
1
o
o
o

Florida
SIR (95% CI)

1.75 (0.47-4.47)
1.20 (0.44-2.61)
1.00 (0.40-2.05)
1.21 (0.60-2.17)
0.52 (0.19-1.14)
0.70 (0.35-1.25)
0.63 (0.36-1.02)
0.82 (0.50-1.26)
0.62 (0.34-1.02)
0.59 (0.25-1.16)
0.42 (0.08-1.22)

2.68 (0.72-6.85)
3.63 (I.56-7.16)*
2.26 (0.61-5.79)
0.96 (0.01-5.33)
3.14 (0.35-11.33)
1.87 (0.02-10.40)

3.16 (0.04-17.57)
5.17 (0.07-28.78)
11.43 (0.15-63.57)

[*= statistically significant 95% Confidence Interval]
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Table 45. All, Male and Female Applicators: Cancer incidence SIR b~' A~e at Licensure Issue
(Continued)

Age Group

Prostate Cancer Incidence
All Males:
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
85+

Cervical Cancer Incidence
All Females:
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
85+

Observed
Number

2
12
20
59
70
81
68
29
8
3
]

3
2
3
2
o
o
o
o
I
o
o
o
o
o

Florida
SIR (95% CI)

1.03 (0.12-3.73)
2.00 (1.03-3.50)'"
1.24 (0.76-1.92)
1.78 (1.35-2.29)'"
1.59 (1.24-2.01)'"
1.95 (1.55-2.42)'"
2.68 (2.08-3.40)'"
2.58 (1.73-3.70)'"
2.93 (1.26-5.76)'"
4.00 (0.80-] 1.70)
11.49 (0.15-63.92)

14.03 (2.82-41.00)'"
4.38 (0.49-15.80)
5.81 (1.17-16.97)'"
4.56 (0.5]-]6.46)

6.93 (0.09-38.57)

["'= statistically significant 95% Confidence Interval]
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Table 46. Male Printe (Fanner)Applicators: Cancer incidence SIR

Cancer Cause
Observed
Number

Florida
SIR (95% CI)

Malignant Neoplasms 966
Buccal/Pharynx 26
Digestive 181

Esophagus 11
Stomach 9
Large Intestine 72
Rectum 48
Liver 16
Pancreas 22

Respiratory 187
Larynx 10
Lung 175

Bone 3
Skin 37
Bladder 53
Kidney 22
Eye 3
Brain/CNS 20
Thyroid 4
All Lymphopoietic 65

LymphoSarcoma 26
Hodgkins 8
Leukemia 22
Other Lymphatic 9

Soft Tissue Sarcoma 0

0.72 (0.68-0.77)*
0.62 (0.40-0.90)*
0.72 (0.62-0.83)*
0.80 (0.40-1.44)
0.38 (0.18-0.73)*
0.61 (0.47-0.76)*
0.98 (0.72-1.30)
1.21 (0.69-1.96)
0.86 (0.54-1.30)
0.76 (0.65-0.87)*
0.48 (0.23-0.89)*
0.78 (0.67-0.91)*
1.23 (0.25-3.58)
0.96 (0.67-1.32)
1.02 (0.76-1.33)
0.76 (0.48-1.15)
1.34 (0.27-3.91)
1.17 (0.72-1.81)
0.39 (0.10-0.99)*
0.96 (0.74-1.22)
0.91 (0.60-1.34)
1.51 (0.65-2.97)
1.00 (0.63-1.52)
0.76 (0.35-1.44)

Male Cancers only:
Prostate
Testis

316
15

1.98 (1.77-2.12)*
2.38 (1.33-3.92)*

[*= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted]
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Table 47. Male Commercial and Public Applicators: Cancer incidence SIR

Cancer Cause
Obsen'ed
Number

Florida
SIR (95% CI)

Malignant Neoplasms 193
BuccallPhllljnx 9
Digestive 46

Esophagus 3
Stomach 6
Large Intestine 26
Ftectum 4
Liver 2
Pancreas 4

Ftespiratory 43
Larynx 2
Lung 41

Bone 2
Skin 11
Bladder 6
Kidney 4
Eye 2
Brain/CNS 4
Thyroid 2
All Lymphopoietic 11

LymphoSarcoma 6
Hodgkins 0
Leukemia 3
Other L)mphatic 2

Soft Tissue Sarcoma 0

0.69 (0.60-0.80)*
0.89 (0.41-1.69)
1.01 (0.74-1.34)
1.05 (0.21-3.07)
1.34 (0.49-2.91)
1.29 (0.84-1.89)
0.42 (0.11-1.06)
0.76 (0.09-2.74)
0.87 (0.23-2.22)
0.86 (0.62-1.16)
0.44 (0.05-1.58)
0.92 (0.66-1.25)
2.68 (0.30- 9.69)
0.87 (0.44-1.56)
0.69 (0.25-1.51)
0.64 (0.17-1.65)
3.77 (0.42-13.60)
0.82 (0.22-2.10)
0.53 (0.06-1.91)
0.69 (0.34-1.23)
0.88 (0.32-1.92)

0.63 (0.13-1.84)
0.90 (0.10-3.24)

Male Cancers only:
Prostate
Testis

37
8

1.55 (1.09-2.14)*
2.73 (1.18-5.39)*

[*= statistically significant 95% Confidence Interval; all ratios are age & calendar year adjusted]
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Table 48. All Applicators Cox Proportional Hazard Analyses for Overall Cancer Incidence

Covariable Parameter Estimate Standard Error Risk Ratio p value

Single Covariable Regression:
Gender (D) [females= I] 0.0301 0.101 I 1.03 0.77
Hispanic (0) [Hispanic= I] -0.0263 0.1793 0.97 0.88

Year of first licensure (C)
1975-79 0.3780 0.1013 1.46 0.0002
1980-84 0.3024 0.1106 1.35 0.006

Age at first licensure (CO) -0.0606 0.0068 0.94 0.0001
Number ofyears licensed (CO) 0.0088 0.0077 1.01 0.25

~ Number ofyears licensed (C)
-J 4-8 -0.1319 0.1305 0.88 0.31

8-12 0.0214 0.1308 1.02 0.87
12-16 0.0739 0.1489 1.08 0.62
16-20 -0.3022 0.1661 0.74 0.06

Licensure type (0) [Private=1] -0.1173 0.0797 0.89 0.14
Aerial licensure (D) [Aerial=I] -0.1765 0.3350 0.88 0.59
Aquatic licensure (D) [Aquatic=l] -0.0077 0.1706 0.99 0.96

Exposure Model (Entire Cohort):
Age at first licensure (CO) -0.0849 0.0083 0.92 0.0001
Number ofyears licensed (CO) -0.0473 0.0096 0.95 0.0001

Exposure Model (1975-1979)
Age at first licensure (CO) -0.0643 0.0135 0.94 0.0001
Number ofyears licensed (CO) -0.0388 0.0118 0.96 0.001

[0= Dichotomous; C=Categorical; CO=Continuous]



Table 49. All Applicators Cox Proportional Hazard Analyses for Testicular Cancer Incidence

Covarlable Parameter Estimate Standard Error Rilik Ratio p value

Single Covariable Regression:
Gender (D) [females=l]
Hispanic (D) [Hispanic= I]

Year of first licensure (C)
1975-79 1.1869 0.6447 3.28 0.06
1980-84 0.8785 0.6173 2.41 0.16

Age at first licensure (CO) -0.1688 0.0502 0.85 0.0008
Number ofyears licensed (CO) 0.1385 0.0479 1.15 0.04

t-l Number ofyears licensed (C)w
00 4-8 -0.2963 0.8176 0.74 0.74

8-12 0.6835 0.8242 1.98 0.41
12-16 1.3291 0.8456 3.78 0.11
16-20 0.9770 0.9332 2.67 0.29

Licensure type (0) [Private=l] -0.0556 0.4555 0.95 0.90
Aerial licensure (D) [Aerial= I] 1.4181 1.0287 4.13 0.17
Aquatic licensure (D) rAquatic= I]

Exposure Model (Entire Cohort):
Age at first licensure (CO) -0.0426 0.0582 0.96 0.47
Number ofyears licensed (CO) -0.0967 0.0379 0.91 0.01

Exposure Model (1975-1979)
Age at first licensure (CO) 0.0694 0.1036 1.072 050
Number ofyears licensed (CO) -0.1581 0.0970 0.85 0.10

[0= Dichotomous; C=Categorical; CO=Continuous]



Table 50. All Male Applicators Cox Proportional Hazard Analyses for Prostate Cancer Incidence

Covariable Parameter Edimate Standard Error Risk Ratio pvalue

Single Covariable Regression:
Gender (D) [females=l]
Hispanic (D) [Hispanic=I] 0.1585 0.3213 1.17 0.62

Year of first licensure (C)
1975-79 0.0568 0.1997 1.06 0.78
1980-84 0.0838 0.2243 1.09 0.71

Age at first licensure (CO) -0.0534 0.0136 0.96 0.008
Number ofyears licensed (CO) 0.0146 0.0152 1.02 0.34

I'..> Number ofyears licensed (C)w
\0 4-8 -0.1259 0.2947 0.88 0.67

8-12 -0.0242 0.2911 0.98 0.93
12-16 0.1420 0.3200 1.15 0.66
16-20 -0.0239 0.3398 0.98 0.94

Licensure type (0) [Private=l] 0.0534 0.1782 1.06 0.76
Aerial licensure (0) [Aerial=I] 0.1677 0.5812 1.18 0.77
Aquatic licensure (0) [Aquatic=l] -0.1770 0.4138 0.84 0.67

Exposure Model (Entire Cohort):
Age at first licensure (CO) -0.1711 0.0108 0.84 0.0001
Number ofyears licensed (CO) -0.0801 0.0118 0.92 0.0001

Exposure Model (1975- 1979):
Age at first licensure (CO) -0.3238 0.0177 0.72 0.0001
Number ofyears licensed (CO) -0.0129 0.0132 0.99 0.33

[0= Dichotomous; C=Categorical; CO=Continuous]



Table 51. All Applicators Cox Proportional Hazard Analyses for Cervical Cancer Incidence

Covariable Parameter Edimate Standard Error Ri~k Ratio p value

Single Covariable Regression:
Gender (D) [females= I]
Hispanic (D) [Hispanic= I]

Year of first licensure (C)
1975-79 0.3780 0.\013 1.46 0.002
1980-84 0.3024 0.1\06 1.35 0.006

Age at first licensure (CO) -0.1457 0.0711 0.86 0.04
Number ofyears licensed (CO) 0.0177 0.1162 1.02 0.88

t-.)
Number ofyears licensed (C)~

0 4-8 -1.5258 0.7096 0.22 0.03
8-12 -0.6509 . 0.9347 0.52 0.49
12-16 0.2844 1.1407 1.33 0.80
16-20

Licensure type (0) [Private=I] -0.0074 0.0708 0.99 0.01
Aerial licensure (0) [Aerial= I]
Aquatic licensure (D) [Aquatic= I] 0.6465 1.0549 1.91 0.54

Exposure Model (Entire Cohort):
Age at first licensure (CO) -0.1691 0.0607 0.84 0.005
Number ofyears licensed (CO) -0.0613 0.0950 0.94 0.52

Exposure Model (1975-1979):
Age at first licensure (CO)
Number ofyears licensed (CO)

[D= Dichotomous; C=Categorical; CO=Continuous]
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Appendix: Nested Case Control Study and General Survey

This Appendix describes the rationale and the attempts of the Investigator to perform fIrst a nested

Case Control of selected incident cancers, and then a General Survey to obtain exposure and

confounding information in a subsample of the Florida licensed pesticide applicators cohort.

1.0. Human Subjects

At the beginning of the study (6/92), an application was approved (IRE #91/303) by the University

of Miami School of Medicine Human Subjects Committee for performing the nested case control

study (see Attachment 1a and 1b). This approval was later amended to incorporate the changes

detailed below with regards to contacting participants and using a questionnaire (see Attachment

1c). The IRE approval was renewed yearly during the time period of the study.

2.0. Questionnaire

A questionnaire was developed, originally for the purposes of the proposed nested case control

study, and ultimately used for the General Survey after modifIcation (see Attachment 2a and 2b).

To the extent possible, questionnaires were used from previous studies of pesticide applicators and

farmers, or from previously piloted studies. The initial Questionnaire was 19 pages long, based on

the following sources: Wiklund (Sweden), Zahm (NCI), Otto (UNC), Tanner (Parkinson's Institute),

Schwartz (UM), Porcelein (UM), and the State of Florida Pesticide Survey. Drs. Kirsten Wiklund

and Shiela Hoar Zahm both shared actual questionnaires from similar studies of licensed pesticide

245



applicators (Sweden) and farmers (Iowa); the majority of the questionnaire content was extracted

from their survey instruments. Dr. Dave Otto provided a copy ofneuropsychological questions used

in a study of Egyptian pesticide applicators; these were reviewed and selected by a collaborating

Neuropsychologist, Dr. Bonnie Levin. The pesticide exposure questions were extracted primarily

from the Florida Department ofAgriculture and Consumer Services (DACS) "Florida Pesticide Use

Survey" since the format would be familiar to some of the study population through the yearly

DACS survey in Florida. Dr. Carolyn Tanner sent 12 validated questions for determining the

possible diagnosis of Parkinson's Disease which were included. Dr. Gary Schwartz supplied

questions on vitamin D exposure from his prior prostate cancer work and Ms. Sheri Procelein

provided questions on sun exposure (knowledge, attitude and behavior) used in previous skin cancer

studies in South Florida.

The Questionnaire (see Attachment 2a) was piloted using licensed pesticide applicators in South

Florida recommended by Dr. Mary Lamberts of the Florida Agricultural Extension (Dade County

Division). Fourteen (14) individuals (9 men,S women) were approached by mail, and 9 participated

(6 men, 3 women); 4 people never replied, and 1 person had never actively used pesticides. The

education level ranged from high school to doctoral degrees. The participants noted that it was a

long questionnaire, but easy to fill out; the average time takep to fill it out was reportedly between

15 to 20 minutes. Suggestions were made about ambiguous wording of specific questions, and

appropriate changes were made.

After it became apparent from the mailing of the original Questionnaire that the nested case control

study needed to be modified (see below), a significantly shortened version ofthe Questionnaire was

prepared (see Attachment 2b). The shortened version was only 3 pages long. It included brief

246



demographic information, a modified version of the exposure questions, and brief confounding

information (cigarettes and ethanol). Since this revised Questionnaire was primarily developed from

the original lengthier instrument, a separate pilot study was not performed.

As described below, the shortened Questionnaire was used in the telephone approach in Phase IT for

the nested case control study. When the decision was made to perform a General Survey of a

subsample of the cohort, rather than a nested case control, the same shortened version of the

Questionnaire was used.

3.0. Nested Case Control

A nested case control study of incident cases of certain cancers was planned. The primary reason

for the nested case control was to obtain more detailed exposure and confounding information from

a subsample of the cohort (ie. the controls) which could be applied proportionally to the entire

cohort. The further advantage and goal of the nested case control was to obtain incident based

estimates of risk for a variety of cancer, since this case control study would be based on the larger

cohort studies. {Breslow 1980, Breslow 1987, Schlessman 1982, Prentice 1986}

The following cancers were chosen due to prior associations in the literature (as discussed in a detail

in Chapter Two) for either farmers and/or pesticide applicators: lung, prostate, skin (including nose),

breast (female), testis, brain, bone marrow, lymph nodes, and soft tissue sarcoma. There were a total

of 517 cases of these types of cancer obtained from initial linkage with the Florida Cancer Data

System (FCDS), as discussed in Chapter Three.
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The controls were to be selected according to the methodology of Prentice (1986), Robins (1986,

1989), and others. This methodology involves the creation of risk cohorts for each case based on

age ±5 years and same gender; controls would be randomly selected without replacement. Controls

would be culled for the risk sets from the entire cohort, including cases. Although, this means that

theoretically, especially with a small study population, a control could go on to become a case, this

methodology avoids the biases introduced by exclusion of subsequent cases.

The main goals ofthis nested case control study were to obtain individual exposure and confounding

information for the cancer cases and their matched controls. In addition, the information from the

controls could be generalized to the entire cohort, to the extent that they still represented the entire

cohort after performing the matching procedures described above. However, given the matching

criteria and the formation of risk cohorts, it is not clear that the exposure and confounder exposure

information ofthese controls would have ultimately been generalizable to the whole cohort.

The Nested Case Control study was attempted in two phases.

3.1. Phase I. Mailing

The most recent address and phone number of each case were obtained from the Master Database

of Florida licensed pesticide applicators.

Each case was sent a packet with: a letter, 2 consent forms (1 to return; I to keep), the Initial

Questionnaire, and a stamped addressed envelope. The letter (Attachment 3a) invited participation

in the study, briefly described the general purpose of the study, and gave instructions concerning
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participation. There was space on the letter for an explanation of refusal of participation.

Participants were offered $10 if they returned a completed questionnaire.

One month after sending out the questionnaires, a modified letter (see Attachment 3b) was sent out

to the 245 persons who had not yet returned anything. Returned addresses were also checked for

forwarding addresses and the FCDS files were examined for more recent addresses; if additional

addresses were found, the packet was re-sent.

The following accounts for all of the 517 cases in Phase I of the nested case control study:

517 Cases:
31 yes
7 refusal
124 "soft" refusals:

- 64 dead
- 28 "no use pesticides in long time ±retired"
- 13 "too elderly ±too sick"
- 16 "never used pesticides"
- 2 no reply but sent back forms
- lout oftown

150 Address Problems
- 46 Forwarding Order Expired (FOE)
-104 bad

205 No Reply (after 2 letters)

After extensive discussions with the Dissertation Committee and National Institute of Occupational

Safety and Health (NIOSH) personnel, a Phase IT nested case control study was attempted.

3. 2. Phase II. Telephone

First, the Questionnaire was revised by drastic shortening (from over 19 pages to 3 pages) as
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described above. All the questions were kept the same so that data from Phases I and II could be

pooled. Questions concerning pesticide exposure and confounding variable exposure, as well as

brief demographic and health information were retained. A brief study explanation and telephone

consent statement were included as part of the Revised Questionnaire (see Attachment 2b).

Participants were no longer offered any monetary compensation; they were offered the opportunity

to receive a copy of the Final Report, as before. The modification of the Questionnaire, as well as

the issue of a telephone informed consent were submitted as an Amendment to the University of

Miami Human Subjects Committee approved protocol (see above); approval of the Amendment was

given.

An experienced Interviewer was trained in telephone administration of the Revised Questionnaire.

A Questionnaire Administration Manual was developed by the Investigator (see Attachment 4), and

reviewed by the Interviewer and the Biostatistician, Dr. Bean. Differing approaches for subjects,

as opposed to surrogate relatives, were discussed. A phone contact protocol was established: at

least twice in each 3 separate time periods (day, evening, and weekends) for each phone number,

with a total of 3 different phone numbers if necessary. No messages were left on answering

machines of subjects to avoid ambiguous contact information. Hard copy records were obtained for

all completed contacts.

It was decided to concentrate on those 205 people from the mail case control who apparently had

good addresses (since nothing had been returned by mail), but who had not responded to the 2

mailings. First, if there was a phone number available from the Pesticide Applicator Database, this

number was tried as per above. Ifthe phone number was incorrect (eg. disconnected, incorrect, etc)

or there was no phone number available, the Interviewer checked for accuracy, and for the most

current phone number and address in Florida using CD Rom software entitled "88 Million
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Households Phonebook" and a World Wide Web (WWW) site called "Switchboard"

(http//www.switchboard.com).This search was further broadened by using name and town only;

if the name was unusual, all Florida telephone numbers were searched through the WWW and the

software. In addition, where applicable, the other study databases were also searched for additional

phone numbers and addresses (ie. FCDS and the Dept of Motor Vehicles). Of note, all phone

numbers available through any source were tried by the Interviewer even if not confIrmed on the

WWW or software.

The above work and the following activities (in bold) were performed by the Interviewer over the

period of 4 weeks. The actual interviews took approximately 15 minutes, sometimes longer with

surrogates.

517 Cases
31 yes
7 refusals
124 "soft" refusals: 20 no phone available; 104 + phone

- 64 dead
- 28 "no use pesticides in long time ±retired"
- 13 "too elderly ± too sick"
- 16 "never used pesticides"
- 2 no reply but sent back forms
- lout oftown

150 Address Problems
- 46 Forwarding Order Expired (FOE)
- 104 bad address

205 No Reply (x 2 letters)
- 161 had phone nnmber

- 35 completed contact
- 23 yes
- 12 refnsals

- 80 2: 1 phone call
- 46 no contact attempted

- 44 problem phone
- 32 no phone
- 12 disconnected
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Summary of Phase I and Phase II:

- 54 Yes (Responders)
-19No
-104 "Soft No" with a Phone number
- 150 Bad Address
- 64 Bad phone
- 126 Pending

Entire Case Group vs Responders

Of the 54 persons who responded, there were 2 women (4%). For a distribution by decade ofbirth

and gender, see Table 1. The mean age at cancer diagnosis for the responders was 56.97± 13.19

compared to the mean age of 63.67±12.89 for the entire case group. The mean number of years

licensed was 8.64±4.44 years for the responders compared to 8.46±3.93 years for the entire case

group. Given the small number (10%) of responders and their lack of representation for either the

entire case group or the entire cohort, further analyses were not attempted.

4. O. General Survey

After further extensive discussions with the Dissertation Committee, it was realized that the nested

case control study of incident cancers was not feasible. There were logistic issues in terms of

participation and loss to follow up. Furthermore, lack of significant participation would render the

interpretation of any results from the nested case control of any particular cancer unintelligible.

Finally, due to proposed matching procedures for the nested case control, the generalizability of the

control information was in serious doubt.

Therefore, a General Survey of a subsample of the entire cohort was proposed. A target number of

successful participants was based on the expected frequency of cigarette smoking (the most
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important confounding variable) in the entire cohort.

There exist no estimates for cigarette smoking in this cohort. There is the frequently quoted

statement that farmers in general smoke less than the general population. As reviewed in the

Chapter Two, in general in both pesticide exposed and farming populations, the risk of the tobacco­

related diseases is decreased compared to the general population and to other working populations,

with the possible exception of lung cancer in some pesticide applicator studies. Initial results from

the PMRlMOR studies of this entire cohort did not reveal any increase in deaths due to tobacco­

related diseases. As discussed in Chapter Two, Barthel (1981) in his study of German pesticide

applicators mentions that their rate of smoking was similar to the general population; he found an

increased risk of lung cancer which he associated with occupational arsenical exposures. Blair et

al (1983) studied a separate group of Florida pesticide applicators and also found an increased risk

of lung cancer, but had no information available on tobacco use. Pesatori et al (1994) performed

a follow up study and a nested case control of the 78 lung cancers in the white males of the same

pesticide applicator group; she found that all but one of the cases of lung cancer was a tobacco user.

Wiklund et al (1989) reported on a 1963 survey of smoking habits in Sweden that 34% of workers

in farming, forestry or fish industry smoked tobacco daily compared with 54% in other occupations;

in 1981, an updated Swedish survey found 21% and 38% respectively. In addition, as part of

Wiklund's study of pesticide exposed workers in Sweden, in 1984 she found that 21 % of pesticide

applicators smoked daily, 33% were ex smokers and 46% were never smokers.{J Dich unpublished

data, quoted by Wiklund 1989} Sterling and Weinkam (1978) evaluated smoking patterns by

occupation, industry, gender and race using the 1970 Health Interview Survey found for white males

the age adjusted percentages for Farmers and Farm Managers, and for Farm Laborers and Foremen

(see Table 2). Finally, Sims (1994) reported that in 1992,22% of all adult Floridians were smokers
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(24.4% ofthe men and 20% ofthe women).

To obtain an approximate sample size for the subsample in the General Survey, it was assumed that

the true proportion of pesticide applicators who are current and former smokers would be 55%. For

an estimated proportion (E) to be within 10% of the true Prevalence (P), the sample size (n) can be

calculated as {Fleiss 1981}:

n 2: Z2(1_P
y
} =(2)2 (1-0.55) =327

E2Py (0.10)2(0.55)

In addition, the subsample was stratified based on decade of birth and gender distribution of the

entire cohort for appropriate age and gender frequency selection using proportional allocation with

random selection within each stratum (see Table 3); SAS procedure called "RANUNI" was used to

generate the random number.

As with the nested case control study above, using the same Revised Questionnaire, Manual and

trained Interviewer, this subsample of the entire population were approached by the Trained

Interviewer by phone using the same protocol as above in Phase II of the nested Case Control study.

All phone numbers were checked with the phone software and World Wide Web database prior to

use; hard copy records were kept of all completed contacts. Participants were not offered any

monetary compensation; they were offered the opportunity to receive a copy of the Final Report,

as before.

After 2 months of full-time work (including weekend and evening hours), the Trained Interviewer

was able to determine the following from the subsample of328 age and gender frequency distributed

254



randomly selected Subjects.

328 Subjects
- 23 NO phone number available ever
- 305 some phone number

- 119 with ~ 1 bad phone number
- 16 completed interviews (Responders)
- 14 refusals
- 45 "lost to follow up" (ie. 6 calls but no contact made)
- 107 ~ 3 calls but no contact made

4.1. Entire Cohort vs Responders

Of the 16 (5%) persons who responded, there was 1 woman (6%); all the responders were alive at

the time of the interview. For a distribution by decade of birth and gender, see Table 4. The mean

age at the time of the interview for the responders was 52.40± 14.30 compared to the mean age of

50.30±14.56 for all alive persons for the entire cohort group. The mean number of years licensed

was 7.08±5.13 years for the responders compared to 7.48±4.38 years for the entire cohort.

In addition, from the 16 people who consented to complete the shortened Questionnaire, the

following was reported. With regards to completed level of education, 1/16 reported Elementary

school, 6/16 High School, 2/16 Jr College, 6/16 College, and 1/16 College+.

Fifteen out of 16 (94%) reported ever having used pesticides, including 5 (32%) currently using

pesticides; the average duration of self-reported pesticide use was 13±7 years. With regards to

herbicides, 14 (88%) reported having used herbicides with 4 (25%) currently using; the average

duration of self-reported herbicide use was 13±6 years. Eight (50%) used pesticides at home for an

average duration of 25±21 years. Finally, 13 (81 %) had lived on a farm for an average duration of

24±25 years.
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Eleven (69)% were "ever smokers" with a mean start age of 17±5 years of age; 4 (25%) were current

smokers. Eight (50%) were "regular" ethanol users with a mean duration 28±12 years of use.

Only 2 (13%) reported no symptoms. The other subjects reported: arthritis (7), asthma or breathing

problems (6), skin problems (5), cancer (3) including 2 skin cancer and 1 with leukemia and

prostate, heart problems (2), and "other" (4).

Of note, there were 18 (6%) refusals to participate, with only one woman (6%). The mean age of

the 12 (67%) people alive at the time of the request to participate was 68.8±15.5; the mean age at

death of the 6 (33%) people who were not alive was 61±20.3.

Further analyses were not preformed given the small sample size.

5.0. Conclusion

Both a nested case control of cancer incidence and a general survey of a frequency selected

subsample were attempted in this cohort of licensed pesticide applicators. The major purpose was

to gain confounding and exposure information which could be generalizable to the entire cohort.

However, a variety of logistical issues interfered with the successful completion of both of these

studies. There was a poor response rate to either mail or phone approaches, despite the use of a

trained interviewer, shortened questionnaire, monetary incentives, and a varied interview schedule.

Furthermore, a lack ofcurrent phone numbers and accurate addresses were also issues.
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Of interest, there were respondents who did not use pesticides ever, yet had a pesticide license. On

the other hand, there were other respondents who had used pesticides longer than the time they were

licensed. Both these issues have implications for the use of "years licensed" as the major exposure

variable.

Ultimately, the small numbers and lack representativeness rendered these efforts valiant, but

essentially meaningless for their purposes.
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Table 1. Nested Case Control by Decade and Gender

Entire Case Group: Case Respondents:
Birth Decade Females Males Females Males

1890-1900 0 6 0 0

1901-1910 50 0 4

1911-1920 7 156 17

1921-1930 13 162 0 20

1931-1940 4 63 0 8

1941-1950 7 21 2

1951-1960 7 21 0

1961-1970 3 18 0 0

1971-1975 0 6 0 0

Total 35 482 2 52
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Table 2. Age Adjusted Smoking Percentages among 31,803 White Males

Farmers,
Farm Managers

Farm Laborers,
Foremen

%Never Smoked

43.4

41.7

%Current Smokers

31.9

45.5

%Former Smokers

24.7

12.9

[Sterling and Weinkam, 1978]
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Table 3. Sampling Scheme for General Survey

Birth Decade Females Dh Males Dh

1890-1900 1xC*=0.01 0 6lxc*=0.6

1901-1910 33xc*=0.3 0 483xc*=4.7 5

1911-1920 179xC*=1.7 2 1958xC*=18.9 19

1921-1930 317xc*=3.l 3 3969xc*=38.3 38

1931-1940 423xc*=4.1 4 4637xC*=44.8 45

1941-1950 749xc*=7.2 7 6522xc*=63 63

1951-1960 1242xc*=12.0 12 8251xC*=79.7 80

1961-1970 557xc*=5.6 6 4218xc*=40.7 41

1971-1975 19xc*=0.2 0 217xC*=2.l 2

Total 3540 34 30,316 294

c* constant equal to the sample size divided by the confIrmed number in the cohort at the time
of the general Survey
327/33856

for each stratum, nh=Nh(n/N)
where nh= number ofpersons sampled in the hth stratum

Nh= number ofpersons sampled in the hth stratum
n = calculated sample size (in this case, 327)
N = number in the Cohort (in this case, 33856)
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Table 4. General Survey by Decade and Gender

Entire Cohort: Survey Sample: Survey Responders:
Birth Decade Females Males Females Males Females Males

1890-1900 2 64 0 1 0 0

1901-1910 36 546 0 5 0 0

1911-1920 184 2085 2 19 0

1921-1930 319 4061 3 38 0 3

~ 1931-1940 424 4654 4 45 0 2
3"\
-... 1941-1950 749 6536 7 63 0 5

1951-1960 1246 8269 12 80 1 3

1961-1970 577 4223 6 41 0

1971-1975 19 217 0 2 0 0

Total 3556 30655 34 294 1 15



Attachment A: Human Subjects

a) Human Subjects Approval (University of Miami School of Medicine IRE)

b) Original Approved Consent Fonn

c) Modified Approved Consent Fonn



SCHOOL OF MEDICINE

M E M 0 RAN DUM

TO:

FROM:

DATE:

Lora E. Fleming, M.D., MPH., Epidemilogy &.Public Health

Jay M. Sosenko, M.D., Chairman~-~~.. tc.....J "--

July 22, 1992

PROTOCOL NUMBER: 91/303

TITLE OF PROTOCOL: "Cancer Incidence in a Cohort of Florida
Pesticide Applicators h

DATE OF ANNUAL APPROVAL: July 20, 1992

The Medical Sciences Subcommittee for the Protection of Human
Subjects in Research has reviewed and approved the annual report
for the above titled protocol.

In the consent form Maria Arnold's phone number should be updated
to 547-3327.

If you have any questions, please contact Maria Arnold at 547-3327.
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~CHOOL OF MEDICINE

MEMORANDUM

TO: Lora E. Fleming, M.D., MPH _

FROM: Maria J. Arnold, 18. Administrator ~"e..;...-/t:2-&J/~
DATE: April 9, 1996

SUBJECT: Protocol 91/303
"Cancer Incidence in a cohort of Florida Pesticide Applicators"

The Chairman of the Medical Sciences Subcommittee for the Protection 'of Human
Subjects in Research has approved Amendment to the protocol and revised consent
form.

You must use the approved (IRS stamp) consent form, for your subjects.

If you have any questions. please contact our office at 243-3327.

Ullman SlIhjec(s Office (M·tlO9)
1'0 lIox I) I(,<)(.1) Tel W:;·2-13.3327

Miami.Florid:t :B 10 I
!'ax ~()';·2·IVn2H



STANDARD CONSENT FORM: University of Miami School of Medicine

Health Effects in a Cohort of Florida Pesticide Applicators

PURPOSE:

You are invited to participate in a research Study of Florida Pesticide Applicators by investigators from the University of Miam i
School of Medicine. You have been selected to participate in this Study from the complete list of licensed Pesticide Applicators
provided by the Florida Department of Agriculture Bureau of Pesticides or because you are on this same list of Pesticide
Applicators. This Study will examine the connection between work-related pesticide exposure and health effects. This is a
Study of the University of Miami School of Medicine. not the Florida Department of Agriculture Bureau of Pesticides.

PROCEDURE:

To participate in this Study. you are asked to fill out and return the enclosed Questionnaire and 1 signed copy of the Consent
Form. This Questionnaire asks for information concerning the types and amounts of pesticides you use. as well as the
equipment for application aOO protection. It also asks for information concerning other health risks such as cigarene smoking.
and for demographic information.

When the Study is completed. you will receive a copy of the Final Summary of Results if you indicate that you wish to receive
this Final Summary at the end of this Consent Form.

RISKS:

There should be no risks to participating in this study.

BENEFITS:

No other benefit can be promised to you by your participation in this study.

ALTERNATIVES:

You have the alternative not to participate in this study.

COMPENSATION:

You will receive SJ..Q..OO by mail when the completed Questionnaire and 1 copy of the signed Consent Form have been returned
to the Principal Investigator in the enclosed stamped addressed envelope.

CONFIDENTIALITY:

The individual results of the Questionnaire will be known by a numbered code; your name and this code will be known only
by the Principal Investigator at the University of Miami. The Florida Department of Agriculture Bureau of Pesticides will
receive only the Final Summary of Results. never any individual information.

The Principal Investigator and her assistants will consider your records confidential to the extent permined by law. Your
records and results will not be identified as pertaining to you in any publication without your expressed permission. In rare
circumstances. the US Food and Drug Administration (FDA) or the US Department of Health and Human Services (DHHS)
may request copies of your records. If this happens. the FDA or DHHS request will be granted.

RIGHT TO WITHDRAW:

Your participation in this study is voluntary and you have the right to withdraw at any time by informing the Principal
Investigator. If you decide to withdraw at any time from this study. your future care will not be prejudiced by your withdrawal
or lack of participation. In addition. the Principal Investigator can remove you from the study at any time without your consent



either because offailure to follow the study schedule or if she feels that it is in the best interests for you medically.

The Investigators will answer any questions that you may have regarding the investigation. including specific questions
concerning the Questionnaire.

If you have any questions about your rights as a research subject. you may contact Ms. Marie Arnold at: 305-243-3327.

Signature of Subject (or Relative) Date

Printed Name of Subject (or Relative) Social Security Number. of Subject (or Relative)

Signature of Wimess Date

Name. Address. and day/night Phone Numbers of the Principal Investigator:

Lora E. Fleming MD MPH
c/o Dept of Epidemiology & Public Health (R-669)
University of Miami School of Medicine
PO Box 016069
Miami. Florida
33101

tel: 305-243-5912 (work day)
tel: 305-939-9943 (digital beeper)

Please return one si~ned cQPY Qf this CQnsent FQrm and the filled Qut QuestjQonajre in the enclosed stamped. addressed
envelope to the Principal Investigator:

Lora E. Fleming MD MPH
c/o Dept of Epidemiology & Public Health (R-669)
University of Miami School of Medicine
PO Box 016069
Miami. Florida
33101



Final Summary of Results

I (name) wish to receive a copy of the Final Summary of Results of this study when the srudy of Florida
Pesticide Applicators is completed. Please send a copy of this Final Summary to:

(number. Street)

(City. State)

(Zip Code)

Please return this Form with the Consent Form and Questionnaire in the enclosed stamped. addressed envelope to the· Principal
Investigator:

Lora E. Fleming MD MPH
c/o Dept of Epidemiology & Public Health (R-669)
University of Miami School of Medicine
PO Box 016069
Miami. Florida
33101



Pesticide Applicator's Questionnaire Consent
University of Miami School of Medicine

Department of Epidemiology & Public Health (R-669)
Lora E. Fleming, MD, MPH (Principal Investigator)

Status of Pesticide Applicator 10 Alive

20 Dead Year Died 19__

Phone contact / 9 -5 wkday / / 5 -9 wkday / wkend------ ------ ------
1st # 9 -5 wkday / / 5 -9 wkday / wkend------ ------ ------

Phone contact / 9 -5 wkday / 5 -9 wkday "/ wkend------ ------ ------
2nd # / 9 -5 wkday / 5 -9 wkday / wkend------ ------ ------

Phone contact / 9 -5 wkday / / 5 -9 wkday / / wkend------ ------ ------
3rd # / 9 -5 wkday / / 5 -9 wkday ------ wkend------ ------

Date of actual contact ------
Consent Information Paragraph

You are invited to participate in a research study of Florida Pesticide Applicators by investigators from the
University of Miami School of Medicine. You were selected from the complete list of licensed Pesticide
Applicators provided by the Florida Department of Agriculture. This Study is examining the possible connection
between work-related pesticide exposure and health effects. This is a Study of the University of Miami, not the
Florida Department of Agriculture.

You will be asked 5 to 10 minutes of questions concerning your work and possible health risks such as cigarette
smoking. There are no risks or benefits to participating in this study. Participation is voluntary, and you can
withdraw at any time.

Your information is confidential. Your records and results will not be identified individually in any publication.
The Florida Department ofAgriculture will receive only the Final Summary of Results, never any individual
information. .

Dr. Fleming, the Principal Investigator, can answer any questions that you may have regarding the investigation at
(305)243-5912. If you have any questions about your rights as a research subject, you may contact Ms. Marie
Arnold, administrator of University of Miami Human Subjects, at (305)243-3327.

Spoke to:

Name: Relationship: _

Does the subject (or proxy) consent to phone interview?

00 No IlfNO' may I ask you why?

10 Yes

2 0 Unable to contact
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Attachment B: Questionnaires

a) Original Questionnaire

b) Revised Shortened Questionnaire



PESTICIDE APPLICATORS QUESTIONNAIRE

In general, this questionnaire has answers which are in the following forms:

CHOICES where you check the ll!1.f. appropriate choice.

Example:

Do you work with Pesticides?

o No

o Don't Know

DYes

n Not (N/A)

TABLES where you fill out or check the appropriate space for each line.

Example:

When working with pesticides, how often did you use a mask (respirator)?

Always Sometimes Seldom Never N/A Don't Know

1960· 1969 0 0 0 0 0 0

1970 - 1979 0 0 0 0 0 0

1980· 1989 0 0 0 0 0 0

1990 - present 0 0 0 0 0 0

WRITE IN with a specific format; you write the information in a particular format:

Example:

IWhat is your Date of Birth (Month· Day· Year)? --- --- --._ I

If there is any question you do not wish to answer,just circle or write "N/A" for "Not Applicable."

Please do not hesitate to telephone (305)243-5912 if any particular question or other aspect of this questionnaire is
confusing. You should also feel free to write any questions you have in the margins or on the back of the
questionnaire, and you will be contacted by the Principal Investigator.

Your accurate answers are very important to us. We realize that filling out this questionnaire is somewhat
time-consuming. However, please take the time to thoughtfully complete the questionnaire. The answers
provided by you and your colleagues will hopefully prevent health effects from pesticides in pesticide
applicators and other groups in the future.
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ID# I
Pesticide Applicator's Questionnaire

University ofMiami School ofMedicine
Department of Epidemiology & Public Health

Lora E. Fleming, MD, MPH
Phone: (305) 243-5912
FAX: (305) 243-5544

'.,.

If this Questionnaire is completed by someone other than the Pesticide Applicator, please write your NAME
(First, Middle, Last), and your relationship to the Pesticide Applicator.

Name: Relationship:. _

Please write today's DATE (mm-dd-yy): __- __- __

Please write your NAME

FIRST NAME MIDDLE LAST NAME

What is your age? years What is your date of birth (mm-dd-yy)

Please indicate your sex?

What is your home address?

10 Male

20 Female

STREET _ APT# _

CITY STATE. _

( ,
ZIP ---'_

Please indicate the Place of Birth for each of the following persons:

You Mother Father

United States 110 210 310

Caribbean 120 220 320

Latin America 130 230 330

Europe 140 240 340

Other 150 250 350

Don't Know 160 260 360
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How would you describe your RacelEthnic Group?

10 White -Non Hispanic .0 Black Hispanic ,0 Native American

20 Black Non Hispanic ~O Asian .0 Other

30 White Hispanic 60 Polynesian 90 Don't Know

What is your Primary Language (i.e. the one you use the most)?

10 English 30 Other -

20 Spanish .0 Don't Know

How many years of school have you completed?

I 0 Elementary (Grades 1-6) ~O College

20 Junior High School (Grades 7-9) 60 College (4 years +)

3D High School (Grades 10-12) ,0 Other

• 0 Junior College or Technical School .0 Don't Know

.. 0 $45,000 - 60,000

~O 560,000 and above

60 Don't Know

~O Separated

60 Living with someone

,0 Don't Know

.. 0 Four or more

~O Don't Know

3D Widowed

.0 Divorced

20 Two

3D Three

00 None

10 One

10 Married

20 Single

What is your present average yearly family income~ taxes?

I 0 Less than S15,000

2 0 SI 5,000 - 30,000

3 0 $30,000 - 45,000

Please indicate your present Marital Status (check only one)

How many living children do you presently have?

Have you ever lived on a Farm or Agricultural Enterprise?

00 No

9 0 Don't Know

10 Yes

If~, for how many years did you live on a farm? __~vears.

If~,what type of farm did you live on (check all that apply)?

10 Dairy

20 Chicken or other fowl

3D Grain

.. 0 Citrus

~ 0 Fruits and vegetables

60 Other

How many years have you lived in Florida? years

2



For all the jobs you have worked for 6 months or more, including the Armed Forces, please list the following:

Job title

Name of company (or self)

Actual years worked (ex. 1965 - 1967)
Known hazards to which you were exposed (ex. pesticides, asbestos, solvents, metals, radiation, etc.)

Please use the back of this page is more space is needed.

1960 - 1969 -

JOB TITLE COMPANY YEARS WORKED KNOWN HAZARDS

1970 - 1979

JOB TITLE COMPANY YEARS WORKED KNOWN HAZARDS

.

1980 - 1989

JOB TITLE COMPANY YEARS WORKED KNOWN HAZARDS

1990 - present

JOB TITLE COMPANY YEARS WORKED KNOWN HAZARDS

3
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How would you describe your Present Job Title? (Check all that apply).

I 0 Pesticide Applicator 4 0 Other _

2 0 Fanner s 0 Don't Know

30 Agricultural Worker

In what year did you start working at your present job? 19

How would you describe the present job of your spouse?

I 0 Not Applicable 4 0 Agricultural Worker

2 0 Pesticide Applicator s 0 Other _

3 0 Fanner 6 0 Don't Know

4



The following questions concern the Pesticide Applicators License which you obtained through the
Bureau of Pesticides, Florida Department of Agriculture.

In what year did you get your !irS license? 19__

Are you presently licensed?

00 No

90 Don't Know

10 Yes

Have you renewed the License consistently every 4 years since you were first licensed?

00 No

9 0 Don't Know

10 Yes

In what year was your most recent License issued? 19__

What type(s) of License do you presently have (check all that apply)?

10 Public 110 County Trainer (public only)

20 Commercial 210 Aerial

220 Agricultural Animal

230 Agricultural Plant

2~ 0 Aquatic

2S 0 Demonstration & Research

260 Forest

270 Industrial, Institutional,
Structural & Health

~ 0 Private

S 0 Not Applicable

60 Don't Know

210 Ornamental & Turf

290 Public Health

300 Regulatory

310 Right of Way Control

320 Seed Treatment

330 Organotin Anti-fouling Paint

How many persons are listed by name on your~ License under your supervision?

o 0 None 3 0 I I - IS

10 )-S

20 6-10

~ 0 Not Applicable

S 0 Don't Know

Did you apply pesticides for others before getting your license?

00 No 90 Don't Know

10 Yes

If~, for how many years? years.

If~, exactly which years did you apply pesticides
nthprc' 10 tn 10

S



PESTICIDE USE -INSTRUCTIONS

We are interested in knowing the four (4) major Restricted Use Pesticides you commonly work with
presently. and the four (4) major restricted use pesticides you have worked with in each of the past decades. In
addition, we are interested in their approximate amounts, number of days per year, the actual years you applied
them, and the application technique used.

Please read the following explanations for each column before filling out the Pesticide Use Chart on the
following page.

If you use or have used a Pesticide commonly which you do not find on the Restricted Pesticide list enclosed, then
just enter it in the chart ~y name only; fill out the rest of the chart as with the other pesticides.

]. Types of Pesticides Appljed:
Use the Restricted Use Pesticide List enclosed to find the code for the four (4) Restricted Use Pesticide you
have used most during the particular time period; write the names and the codes in these columns.

2. Amounts in pounds or ~allons per year:
Please estimate the total number of gallons or pounds per year of the particular Restricted Use Pesticide

during the particular time period.

3. Number of days/year applied:
Please estimate the total number of days/year that you have applied the particular Restricted Use Pesticide
during the particular decade.

4. Number of years appljed:
Please estimate the total number of years you have applied the particular Restricted Use Pesticide during the
particular decade. .

Use the following

Defined as applying pesticides in the air using aircraft, both fixed wing and rotary wing.
Defined as ground application using surface equipment, such as foliar spray equipment,
structural or storage fumigation, wick application, etc., or surface aquatic application.

3= Sub-surface application. Defined as applying pesticides directly into the ground, below the soil
surface, such as drenching, ground insertion, or disking in broadcast­
applied granular material, etc., or aquatic application the surface of the
water.

5. Applicatjon TechniQue:
Please record the method of application used for the particular Restricted Use Pesticide.
codes:

1= Aerial.
2= Surface.

We realize that this is very detailed information to provide, but it is important information in order to
determine the possible health effects of pesticide exposure. Please provide as thoughtful and as accurate
information as possible. Again, please contact us if this form is confusing, or if you have any questions.
Telephone: (305)243-5912
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IPesticide Use Chart (see enclosed Restricted Pesticide Codes on next page)

1960 - 1969

Code Pesticide Applied Amount! Unit (circle) Number of Number of! Technique
year days/year years I (1-3)

Ibs. / gal. !
f

Ibs. / gal. I

I
Ibs. / gal.

Ibs. / gal.

1970 - 1979

Code Pesticide Applied Amount! Unit (circle) Number of Number of Techniql!e
year days/year years (1-3)

Ibs. / gal.

Ibs. / gal.

Ibs. / gal.

Ibs. / gal.

1980 - 1989

Code Pesticide Applied Amount! Unit (circle) Number of Number of Technique
year days/year years (1-3)

Ibs. / gal.

Ibs. / gal.

Ibs. / gal.

Ibs. / gal.

1990· present

Code Pesticide Applied Amount! Unit (circle) Number of Number of Technique
year days/year years (1-3)

Ibs. / gal.

Ibs. / gal.

Ibs. / gal.

Ibs. / gal.
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Restricted Pesticide Codes

25= AC 3422 21= Di-syston 40= paraquat

71= Acaraben 79= dodennorph 35= Penncap-M

01= acrolein 90= Dragnet 89= pentachlorophenol

02= acrylonitrile II 1= DSMA 89= Pentacon

10)= Agri-Mek 36= Duraphos 90= permethrin

91= Agrimet 122= dylox 116= phenylmercul!

100= alachlor 22= endrin 91= phorate

03= aldicarb 118= Epibloc 41= phosacetim

58= aldrin 23= EPN 36= Phosdrin

04= allyl alcohol II 2= esfenvalerate 25= Phoskil

05= aluminum phosphide 113= etephon 42= phosphamic!on
90= Ambush 114= ethofumesate 05= Phostoxin

06== amitral 24= ethoprop 57= Phosvin

59= amitrole 25= ethyl parathion 43= picloram
62= 4.aminopyridine 26= fenamiphos 116= PMAS
15= Ammo 27= fensulfothion 92= potassium pentachlorophenate

15= Arrivo 81 = fenvalerate 93= potassium tetrachlorophenatc

60= arsenic acid 102= Ficam 90== Pounce
07= arsenic pentoxide 82= f1ucythrinate 113= Prep

61= arsenic trioxide 28= f1uoroacetamide 1081 I17= procyazine

112= Asana 103= f1uvalinate 44= profenofos

101= avennectin 25= Folidol 114= Prograss

62= avitrol 35= Folidol M 45= pronamide

08= azinphos·methyl 29= fonofos 118= propanediol
37= Azodrin 120= Force 1.5G 46= propetamphos

102= bendiocarb 05= Fumitoxin 105= Pryfon 6
107= bifenthrin 70= Fundal 81= Pydrin
25= Bladan 10= Furadan 57= Ratol
75= Bladex 70= Galecron 64= ratimus
63= brodifacoum 05= Gastoxin 57= Ridall-zinc
64= bromodiolone 69= Gold Crest 66== Sanspor
65= calcium arsenate 40= Gramoxone 119= simazine
09= calcium cyanide 72= Ground force 94= sodium arsenate

107= Capture 2 EC 08= Guthion 47= sodium cyanide
66== Clptafol 84= Gypsine 48= sodium f1uoroacetate
10= carbofuran 83= heptachlor 95= sodium pentachlorophenate
67= carbon tetrachloride 30= hydrocyanic acid 84= Soprabel
68= carbophenothion 104= isazophos 96= SlaTlicide

109= CCA 105= isofenphos 49= strychnine
69= chlordane 106= Karate 50= sulfotep
70= chlordimefonn 45= Kerb 5I= sulfuryl fluoride
II" chlorfenvinphos 33= Lannate 52= sulprofos
71= chlorobenzilate 100= Lasso 97= sumithion
72= chlorophacinone 84= lead arsenate 87= Supracide
12.. chloropicrin 85= lindane 84= Talbot

109= chromated copper arsenate 31" magnesium phosphide 63= Talon
13= clonitralid 103= Mavrik 2E 121= Tedion
73= coal tar 86= Mesurol 120= tefluthrin
54= Counter 35.. Metaeide 109= Telone
74= creosote 88= Metasystox·R 03= Temik
75= cyanazine 32= methamidophos 53= TEPP

117= Cycle 87= methidathion 54= terbufos
14= cycloheximide 86= methiocarb 98= terbutryn
06== Cyhalothrin 33= methomyl 121= tetradiphon
15= Cymbush 34= methyl bromide 91= Thimet
15= cypennethrin 35= methyl parathion 90= Torpedo
76= DBCP 36= mevinphos 99= toxaphene
16= demeton 24= Mocap 55= tralomethrin
77= diallate 32= Monitor 122= trichlorion

109= 1,3 dichloropropene 37= monocrotophos 56= triphenyltin hyd~xide

17= diclofop methyl 37= Monodrin 68= trithion
18= dicrotophos 26= Nemacur 3 104= Triumph
19= diflubenzuron 38= IIOCOtine (alkaloid) 51= Vikane
78= dinocap 33= Nudrin 39= Vydate
20= dioxathion 39= oxamyl 57= zinc phosphide

110= diphacinone 115= oxadiazon
111= disodium methanearsonate 88= oxydemeton
21= disulfoton 89= PCP

8



How often have you been responsible for mixing the pesticides which you apply?

Always Sometimes Seldom Never N/A Don't Know

1960· 1969 110 210 310 .10 ~I 0 610

1970· 1979 120 220 320 .~ 0 ~~ 0 6~ 0

1980·1989 130 230 330 .30 530 630

1990 • present 1.0 240 340 ~O ~O 640-

Have you had any part-time or periodic jobs, in addition to your regular job?

00 No

90 Don't
Know

,0 Yes If~, have any of these jobs involved applying Pesticides?

00 No

90 Don't Know

n Vile

Have you regularly applied pesticides at home?

00 No

90 Don't
know

10 Yes

Have you regularly applied pesticides for friends and acquaintances?

00 No

90 Don't
Know

10 Yes

PROTECTIVE EQUIPMENT

When working with pesticides, how often did you use a mask (respirator)?

Always Sometimes Seldom Never N/A Don't Know

1960·1969 110 210 310 .10 510 610

1970 - 1979 120 220 320 420 520 620

1980 - 1989 130 230 330 430 530 630

1990 - present 140 240 340 ~O ~O 640

When working with pesticides, how often did you use protective glasses?

Always Sometimes Seldom Never N/A Don't Know

1960 - 1969 110 210 310 410 510 610

1970·1979 120 nO 320 420 520 620

1980 - 1989 130 230 330 .30 530 630

1990 - present 140 240 340 .. 0 ~O 640

o



PROTECTIVE EQUIPMENT, continued.

When working with pesticides, how often did you use gloves?

Always Sometimes Seldom Never N/A Don't Know

1960 - ]969 110 210 310 .10 510 &10

]970 - ]979 120 220 320 .20 520 &20

]980· 1989 130 230 330 .30 530 630

1990 • present 1.0 2.0 3.0 .. 0 ~O MO

When working with pesticides, how often did you use a uniform (coverall, protective suit)?

Always Sometimes Seldom Never N/A Don't Know

1960 - 1969 110 210 310 •• 0 510 610

1970· 1979 120 220 320 .20 520 620

1980 - 1989 130 230 330 .30 530 630

1990 - present 1.0 2.0 ~O .. 0 ~O MO

When working with pesticides, how often did you use long·sleeve shirt and long trousers?

Always Sometimes Seldom Never N/A Don't Know

1960· 1969 110 210 310 .10 510 610

1970· 1979 120 220 320 .20 520 620

1980 - 1989 130 230 330 .30 530 630

1990 • present ,.0 240 ~O .. 0 ~O ~O
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MEDICAL HISTORY

What is your present Height? __feet __inches

What is your present Weight? ----pounds

What was your approximate weight in 1975 (ie. 20 years ago)? __-..lpounds

Have you had any Major Illnesses?

00 No

9 0 Don't Know

10 Yes If ~, please check which illness(es) and indicate the year
diagnosed.

Illness

o High Blood Pressure

o Asthma

o Breathing Problems

o Heart Problems

o Seizures/Convulsions

o Skin Problems

o Cancer (type: -J)

o Arthritis

o Nerve Problems (including Parkinsons)

o Reproductive Problems

o Other:

Year Diagnosed

Has anyone in your family (ie. parents, siblings, children) ever had any Major Illnesses?

00 No

9 0 Don't Know

10 Yes If~, please check which iIIness(es), the relationship of the person
to you, and indicate the year it was diagnosed.

Illness Relationship Year Diagnosed

0 High Blood Pressure

0 Asthma

0 Breathing Problems

0 Heart Problems

0 Seizures/Convulsions

0 Skin Problems

o Cancer (type: )

o Arthritis

o Nerve Problems (including Parkinsons)

o Reproductive Problems

o Other:. _

o Other:

I )



Do you take any medications regularly (both prescription and over-the-counter)?

00 No

90 Don't Know Iflli, please list these medications by name:

.0 Yes 1.

2.

3. -
4.

Have you ever taken any medicine for seizures (epilepsy) such as dilantin, Phenobarbital, or valproic acid?

00 No 10 Yes

90 Don't Know

Have you ever taken any medicine for Parkinson's Disease such as L-Dopa or Sinemet?

00 No .0 Yes

90 Don't Know

When you were a child, did you ever take Cod Liver Oil?

00 No

90 Don't Know Iflli, in general, how often did you take the Cod Liver Oil?

.0 Yes .0 1 or more times per week

:: 0 1 or more times per month

] D Less than I time oer month

Have you ever been sick due to pesticides?

00 No

90 Don't Know Iflli, was this due to your exposure to pesticides at work?

.0 Yes 00 No .0 Yes

90 Don't Know

Iflli, did a doctor say this illness(es) was possibly related to pesticides?

00 No .0 Yes

90 Don't Know

Iflli, please describe the incident(s) (i.e. circumstances, symptoms,
hospitalization, medications, and when happened.

_.
• L L

_...
" ..

"b' -I'
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Have you ever worked with anyone else who has been sick due to their exposure to pesticides?

00 No

9 0 Don't Know

10 Yes

Has anyone in your family ever been sick due to their exposure to pesticides?

00 No

9 0 Don't Know

10 Yes

Have you ever been sick (other than from pesticides) or injured due to your work?

00 No

9 0 Don't Know ,..----------------------------,
10 Yes If~, did a doctor say this iIIness(es) was possibly related to your work?

00 No

90 Don't Know

10 Yes

If~, please describe the incident(s) (i.e. circumstances, symptoms, hospitalization,
medications, and when happened):

13



SUN EXPOSURE

Do you wear a hat for protection from the sun while working?

10 Always 30 Sometimes 50 Don't Know

20 Mostly 40 Never

Do you use sunscreen for protection from the sun while working?

Always Sometimes 50 Don't Know
-

.0 3D

20 Mostly 40 Never

During what part of the day is the sun most hazardous to your skin?

.0 Between 8 AM to lOAM

20 Between 10 AM to 3 PM

3D Between 3 PM to 5 PM

40 Don't know

Have you ever had your skin examined by a Doctor for moles, spots, or other changes?

00 No

.0 Yes

90 Don't Know

TOBACCO-Cigarettes

Do you presently live or have you lived with persons who regularly smoke Cigarettes?

00 No

90 Don't Know

.0 Yes If~, how many years in total have you lived with smokers?

years

Have you ever smoked 100 cigarettes or more during your life?

00 No

90 Don't Know If~, how old were you when you first started smoking cigarenes?
years old

.0 Yes

If~, how many packs per day (ppd) have you usually smoked?
(a pack=20 cigarenes)

< 1 ppd 1 ppd 2 ppd >2ppd N/A Don't Know

1960 - 1969 110 210 310 410 510 610
1970· 1979 120 220 320 420 520 620

1980 - 1989 130 2i0 330 430 530 630
1990 - present 140 240 340 .. 0 540 640

14



CIGARElTE5--continued

Do you presently smoke cigarenes?

00 No

90 Don't Know If~, how old were you when you stopped smoking cigarenes?

CIGARS

10 Yes __-,years

If~, how many packs per day (ppd) did you usually smoke before you quit.

< I ppd I ppd 2 ppd >2ppd N/A Don't Know

1960 - 1969 110 210 3\ 0 410 510 610

1970 - 1979 120 220 nO 420 520 620

1980 - 1989 IJO 230 330 430 530 630

1990 - present 140 240 340 440 540 640

If~, how many cigars per day do/did you usually smoke?

Have you ever regularly smoked cigars?

00 No

9 0 Don't Know

10 Yes 10 1- 3

20 4-6

30 7 - 10

40 more than
10

PIPE

Have you ever regularly used a pipe?

00 No

9 0 Don't Know

10 Yes

CHEWING TOBACCO OR SNUFF

If~, for how many years have you or did you regularly smoke
cigars? . years

If~, for how many years have/did you regularly use a pipe?

years

Have you ever regularly used chewing tobacco or snuff?

00 No

90 Don't Know

10 Yes If~, for how many years have/did you regularly use chewing
tobacco or snuff?

years

IS



ALCOHOL

Have you ever regularly used alcohol?

00 No

9 0 Don't Know r----------------------,10 Yes If~, for how many years have/did you regularly use alcohol?

__~years

If~,what kinds of alcohol do/did you regularly drink? (check all that
apply)

10 Beer

20 Wine

3D Liquor

If~, for each type of alcohol, approximately how much do/did you
drink regularly per week? (Check all that apply)

< 1six pack 1 six pack 2 six packs I case or more

OTHER

Beer

Wine

Liquor

110

< 1glass

210

310

120

1 glass

220

320

130

1 bottle

230

330

140

2 + bottles

Have you ever used any drugs not prescribed by a physician (including marijuana, cocaine or crack, heroin.
angel dust, speed~ valium, or barbiturates)?

00 No

90 Don't Know

10 Yes
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NERVOUS SYSTEM

Since man~' pesticides can affect the nerves, the following questions deal with symptoms from your nervous
system which you might have experienced regularl~'over the past 10 years; please indicate if you have
experienced these symptoms, and if}:n, for how many years.

No Don't Yes Number
Know of Years

(0) (9) (I)
-

Have you had trouble rising from a chair? 0 0 0 ---
Has your handwriting gotten smaller than it once was? 0 0 0 ---
Do people tell you that your voice is softer than it once was? 0 0 0 ---
Has your balance gotten poor? 0 0 0 ---
Have your feet ever seemed to get stuck to the floor? 0 0 0 ---
Do people tell you that your face seems less expressive than it once did? 0 0 0 ---
Have your arms or legs shaken? 0 0 0 ---
Have you had trouble buttoning buttons? 0 0 0 ---
Do you shuffle your feet and/or take tiny steps when you walk? 0 0 0 ---
Have you had any blurred vision or times when you see distant objects CI 0 0 ---
double?

Have you had complete or partial temporary loss of sight in your eyes? 0 0 0
Have there been times when your speech was slurred? 0 0 0 ---
Have there been times when you had diffirulty swallo"ing? 0 0 0 ---
Have you experienced muscle weakness which made it hard to walk fast or to 0 0 0 ---climb stairs?

Have you had frequent headaches (3 or more/week) ? 0 0 0
Have you had spells of dizziness or lightheadedness? 0 0 0 ---
Have you fainted or "blacked out" (i.e. lost consciousness) ? 0 0 0 ---
Have you had a convulsion, seizure or fit? 0 0 0 ---
Have you had difficulty getting to sleep or trouble staying asleep? 0 0 0 ---
Have you tired more easiiy for the amount of activity you do? - 0 0 0 ---
Have you had any trouble with forgetfulness? 0 0 0 ---
Have your relatives noted that you have any trouble with forgetfulness? 0 0 0 ---
Have you had any trouble with your coordination (for example, trouble 0 0 0 ---handling or picking up objects) ?

Have you noticed any unexplained numbness, or tingling in your hands or 0 0 0 ---feet?

Have you had trouble concentrating or keeping your mind on things? 0 0 0 ---
Have you had frequent and severe mood swings? 0 0 0 ---
Have there been periods of time when you found that you were easily 0 0 0 ---depressed, or had crying spells?

17
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Nervous System-<ontinued

No Don't Yes Number
Know of Years

(0) (9) (I)

Have there been periods oftime when you were easily irritated or unusually 0 0 0 ---
irritable? -
Have you experienced slowed or fuzzy thinking? 0 0 0

Have you had difficulty remembering things? 0 0 0

Do you find that you are more anxious than before? 0 0 0

Do you feel that you have been penecuted or threatened by others? 0 0 0

Sometimes people claim that they see, smell, or feel things when other people 0 0 0
are not able to notice them; have you ever experienced such sensations? -
Have you been treated for any mental or psychiatric or nervous condition of 0 0 0
any kind?

Do you think that exposure or work with pesticides is hazardous to your health?

00 No

90 Don't Know

10 Yes If~, which types ofhealUl hazards?

If~, which types of pesticides?

Do you think that exposure or work with pesticides increases the risk fo!, cancer?

00 No

90 Don't Know

10 Yes If~, which types of cancer?

If~, which types of pesticides?

18



Do you have any other comments? (Please use the back of this page ifmore space is needed)

Thank you very much for your time and cooperation.

Please return the completed Questionnaire and~ copy of the~ Consent Fonn in the
stamped addressed envelope included in your packet. As soon as both of these fonns are
received you will be sent $10.00 for your time and effort.

Please call or write if you have any questions or comments.

Lora E. Fleming, MD, MPH (Principal Investigator)
University of Miami School of Medicine
Department of Epidemiology & Public Health (R-669)
PO Box 016069
Miami, FL 33101

Tel: (305)243-5912 FAX: (305)243-5544
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Pesticide Applicator's Questionnaire Consent
University of Miami School of Medicine

Department of Epidemiology & Public Health (R-669)
Lora E. Fleming, MD, MPH (Principal Investigator)

Status of Pesticide Applicator 10 Alive

20 Dead Year Died 19__

Phone contact / / . 9 -5 wkday / / 5 -9 wkday / wkend------ ------ ------
lst # / / 9 -5 wkday / 5 -9wkday / / wkend------ ------ ------

Phone contact / 9 -5 wkday / 5 -9 wkday / wkend------ ------ ------
2nd # / / 9 -5 wkday / / 5 -9 wkday I wkendI------ ------ ------

Phone contact 9 -5 wkday / / 5 -9 wkday wkend------ ------ ------
3rd # / / 9 -5 wkday / / 5 -9 wkday / / wkend------ ------ ------

Date of actual contact /------
Consent Information Paragraph

You are invited to panicipate in a research study of Florida Pesticide Applicators by investigators from the
University of Miami School of Medicine. You were selected from the complete list of licensed Pesticide
Applicators provided by the Florida Department of Agriculture. This Study is examining the possible connection
between work-related pesticide exposure and health effects. This is a Study of the University ofMiami, not the
Florida Department of Agriculture.

You will be asked 5 to 10 minutes of questions concerning your work and possible health risks such as cigarette
smoking. There are no risks or benefits to participating in this study. Participation is voluntary, and you can
withdraw at any time.

Your infonnation is confidential. Your records and results will not be identified individually in any publication.
The Florida Department of Agriculture will receive only the Final Summary.of Results, never any individual
infonnation.

Dr. Fleming, the Principal Investigator, can answer any questions that you may have regarding the investigation at
(305)243-5912. If you have any questions about your rights as a research subject, you may contact Ms. Marie
Arnold, administrator of University of Miami Human Subjects, at (305)243-3327.

Spoke to:

Name: Relationship: _

Does the subject (or proxy) consent to phone interview?

00 No 1-lf~N~o-,-m-a-y~l-as~k-y-O-U-W-h-y-?---------------

10 Yes

2 0 Unable to contact



ID# I
Pesticide Applicator's Questionnaire

University ofMiami School of Medicine
Department of Epidemiology & Public Health (R-669)

Have you ever worked with:

No Yes Don't Know Year Started Year Ended - Still Working

Herbicides 110 210 310 .10

Pesticides 120 220 320 •• 0

Did you apply pesticides for others before getting your license?

00 No

.0 Yes Iffu, exactly which years did you apply pesticides for others?

90 Don't Know 19 to 19--

What pesticides have you most commonly worked with by deca~e?

• aldrin • DDT • methyl bromide • herbicides • pyrethrums
• arsenic • endrin • parathion • organochlorines • other
• chlordane • heptachlor • paraquat • organophosphates
.DBCP • lindane • temik • carbamates

Pesticide Applied Amount/day Unit (circle) Number of Decade
days/year

gal. /Ibs. 1960 - 1969

gal. /Ibs. 1960 - 1969

gal. /Ibs. 1960 - 1969

gal. /Ibs. 1960 - 1969

gal. /Ibs. 1970 - 1979

gal. /Ibs. 1970 - 1979

gal. /Ibs. . 1970 - 1979

J!.al. /Ibs. 1970 - 1979

gal. /Ibs. 1980 - 1989

gal. /Ibs. 1980 - 1989

gal. /Ibs. 1980 - 1989
-,

~al. /Ibs. 1980 - 1989

gal. /Ibs. 1990 - present

gal. /Ibs. 1990 - present

gal. /Ibs. 1990 - present

gal. /Ibs. 1990 - present



Have you ever lived on a Farm or Agricultural Enterprise?

00 No

10 Yes

9 0 Don't Know

If Yes, can you estimate the number of years?

___ yrs.

Have you regularly applied pesticides at home?

00 No

10 Yes

9 0 Don't Know

If Yes, can you estimate the number ofyears?

yrs.

Have you ever smoked 100 cigarettes (5 packs) or more during your life?

00 No

1 0 Yes If~, how old were you when you first started smoking cigarenes?

9 0 Don't Know years old

< I ppd I-I'h ppd I 'h-2 ppd > 2 ppd N/A Don't
Know

1960 - 1969 110 210 ]10 410 510 610

1970 - 1979 120 220 ]20 420 520 620

1980 - 1989 130 230 330 430 530 630

1990 - present ,40 240 ]40 ... 0 540 640

Are you a current cigarette smoker?...,--------------------------.00 No

10 Yes

90 Don't Know

If No, how old were you when you stopped smoking cigarenes?

years old

Do you regularly have more than 2 alcoholic beverages per week?

00 No

10 Yes

9 0 Don't Know

If~, for how many years have/did you regularly use alcohol?

years

2



Have you had any of the following illnesses:

10 Nerve Problems (including Parkinson's
and Alzheimer's Disease)

20 Asthma

3 0 Breathing Problems

4 0 Heart Problems

5 0 Seizures/Convulsions

60 Skin Problems

Please indicate your sex?

10 Male

20 Female

How many years of school have you completed?

I 0 Elementary (Grades 1-6)

2 0 Junior High School (Grades 7-9)

3D High School (Grades 10-12)

4 0 Junior College or Technical School

70 Cancer (type )

.0 Arthritis

90 High Blood Pressure

100 Reproductive Problems
-

110 Other:

120 Other:

50 College

60 College (4 years +)

70 Other _

• 0 Don't Know

What is your date of birth (mm/ddlyy) / ./__

How would you describe your RacelEthnic Group?

I 0 White Non Hispanic 4 0 Black Hispanic

2 0 Black Non Hispanic 5 0 Asian

3 0 White Hispanic 6 0 Polynesian

Comments:

Would you like to recieve a copy of the Final Results of the Study?

00 No

7 0 Native American

.0 Other _

90 Don'tKnow

10 Yes IIf Yes, verify address on label I,----
Correct Address:

Thank you very much for your time and co-operation. Your answers are greatly appreciated!!!

3



Appendix C: Letters

a) Original Case Control Mailing Letter

b) Follow up Case Control Mailing Letter



October 31, 1995

Dear SCH()OL OF MEDICI!\E

You are invi ted to participate in a research Study of Florida Pesticide
Applicators conducted by Investigators from the University of Miami School of
Medicine. You have been selected to participate in this Study from the complete
list of licensed Pesticide Applicators provided by the Florida Department of
Agriculture Bureau of Pesticides through public access. -

This Study will examine the connection between work~related pesticide exposure
and heal th effects. This is a Study of the Uni versi ty of Miami School of
Medicine, nQ.t the Florida Department of Agricul ture Bureau of Pesticides. This
Study bas been approved by the Universi ty of Miami Human Subj ects Corruni t tee (see
the enclosed Consent Form). We hope that the resul ts of this study will prevent
health effects in pesticide applicators and other people in the future.

We invite you to participate by filling out and returning the enclose:d
Ouestionnaire and 1 signed copy of the Consent Form in the enclosed stamped
addressed envelope. We are seeking infonnation concerning the types and amounts
of pesticides you have used, as well as the equipment for application and
protection. It also asks for information concerning other health risks such as
cigarette smoking and demographic information.

If you return the completed Questionnaire and 1 signed copy of the Consent Form
in the enclosed stamped self-addressed envelope, you will receive a remuneration
of $10.00 for your participation in this study; In addition, if you wish to
receive a copy of the Final Summary of ~esults when this study is completed, then
indicate this at the end of the Consent Form.

If you do ~ wish to participate in this study, please tell us briefly why:__

and return these materials in the enclosed stamped addressed envelope. You will
not be contacted any further.

If for same reason, a person other than you needs to fill out the questionnaire
for you, please indicate this in the space provided on the Questionnaire.

If we do not receive any response from you within'3 weeks, we will call your
house to see if we can assist you in answering the Questionnaire or with any
other questions you might have.

If you have any questions or concerns about this study, the Questionnaire or the
Consent Form, please feel free to call (305-243-5912) or write. us at the address
listed below.

Sincerely,

Lora E. Fleming MD MPH
Principal Investigator
enc:

Dt.l'anmcnt of Epidemiology and Public Health (R·669)
Daughtry Building

P.O. 80x 016069. Miami. Flurida :HIOI
I.ucation: 1029 N.W. )'; Street. Miami. Florida :H 1:0\6
Tell'phone: (~OS) ';47·6972 Fax: (:\OS) ';4 i ,'i'i44



December 8, 1995

Dear

SCHOOL OF MEDICII\E

You were invi ted to participate in a research Study of Florida Pesticide
Applicators conducted by Investigators from the University of Miami School of
Medicine.

As we explained, the Study will examine the connection between work-rela ted
pesticide exposure and health effects. This is a Study of the University of
Miami School of Medicine, ~ the Florida Department of Agriculture Bureau of
Pesticides. This Study has been approved by the Universi ty of Miami Human
Subjects Committee (see the enclosed Consent Form). We hope that the results of
this study will prevent health effects in pesticide applicators and other people
in the future.

We invi te you to participate by filling out and returning the enclosed
Questionnaire and 1 signed copy of the Consent FOrm in the enclosed stamped
addressed envelope. If you return the completed Questionnaire and 1 signed copy
of the Consent Form in the enclosed stamped self-addressed envelope, you will
receive a remuneration of $10.00 for your participation in this study. In
addition, if you wish to receive a copy of the Final Summary of Results when this
study is completed, then indicate this at the end of the Consent Form.

If you do ~ wish to participate in this study, please tell us briefly why: __

and return these materials in the enclosed stamped addressed envelope. You will
not be contacted any further.

If for some reason, a person other than you needs to fill out the questionnaire
for you, please indicate this in the space provided on the Questionnaire.

If we do not receive any response from you within 3 weeks, we will call your
house to see if we can assist you in answ~ring the Questionnaire or with any
other questions you might have.

If you have any questions or concerns about this study, the Questionnaire or the
Consent Form, please feel free to call (305-243-5912) or write us at the address
listed below.

Sincerely,

Lora E. Fleming MD MPH
Principal Investigator

enc:

[x.'partment of Epidemiology and Puhlk Health (R·669 )
Daughtry Building

P.o. Box 016069. Miami. Florida .HIO)
IAlCation: 1029 N.W. IS Street. Miami. Florida ~:\ 1:\6
Tdt'phone: (:\O"i) S47·6972 Fax: (:\O"i) S47·"i"i44
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Protocol: Pesticide Applicators Questionnaire

FRONT PAGE

The Database should provide a label with the Serial Number, Name, Address, telephone number and known vital
status. The label should be pasted at the top of FRONT PAGE ofeach questionnaire.

Vital Status of the Pesticide Applicator should be filled in for:
a) ~ after making telephone contact confmnation;
b) controls following their matched case;

Phone Contact will be made according to the following protocol:
a) 2 calls separated by at least one hour should be made in each of the 3 time periods (eg. 9-5

weekdays, 5-9 pm weekdays, and weekends) for each available phone number;
b) Messages should not be left on message machines, although these do count as attempted calls

and should be indicated as "MM";
c) This process is repeated for up to 3 different phone numbers, if available, before declaring the

subject "lost to follow up" =Unable to Contact at the bottom of FRONT PAGE;
d) The initial phone number should be taken from the database, with subsequent phone numbers

from either:
a) the initial phone contact;
b) the CD Rom Phone Book Listing; and/or,
c) the FCDS database for the cases;

e) Note the dates of all phone call attempts, and any results if relevant.

After noting the date of the contact, the following will be read upon establishing contact with the subject:

a) Subject Respondent
"Mr/Ms. (Name of Respondent), my name is . I am calling from the University of
Miami School ofMedicine. As you know from the letter you recently received, you have been selected
to participate in a study about pesticides and health by the University of Miami. I would like to ask you
a few questions about your work locations, use of certain kinds of chemicals, and overall health."

If the Case subject has died, then enroll this person in the study after ascertaining the date ofdeath.

If the Control subject has died, then do DQt enroll this person in the study; ascertain the date of death,
thank them for their cooperation, and get a new Control name from the database.

b) Surrogate Respondent
"Mr/Ms. (Name of Respondent), my name is . I am calling from the University of
Miami School of Medicine. As you know from the letter you recently received, you have been selected
to participate in a study about pesticides and health by the University of Miami. I would like to ask you
a' few questions about your (deceasedlRELATIONSHIP, NAME OF STUDY SUBJECT's) work
locations, use of certain kinds of chemicals, and brief medical history."

the spouse or significant other, or first degree relative.



Ifyes, note the year started and ended or continued working;
If no, then go to the next question;
If don't know, then go to the next question;

If the Surrogate has questions concerning their selection for participation, especially in the case of a
matched control, explain that it is the surrogate information which is of interest at this tIme: try not to
allow the alive subject to assist the surrogate! If there are further questions. have them speak directly
with the Principal Investigator.

If no Surrogate is available, then the subject is considered "lost to follow up" = Unable to Contact
which should be docwnented at the bottom of FRONT PAGE.

In the situation of seeking a Surrogate, if the Control subject (not the Surrogate) hers died. continue to
enroll the Surrogate in the study after ascertaining the date ofdeath of the Control subject.

With Surrogate interview, it is important to rephrase all questions beginning
"deceasedIRELATIONSHIP. NAME OF STUDY SUBJECf's"..... ; all questions pertain to the
pesticide applicator and you may wish to continually remind the Surrogate during the interview.

If the person allows you to continue, then read the Consent Information Paragraph. Note the name and
relationship of the person responding to the phone call, and if they agree to participate. Make sure that this is
a convenient time to administer this brirl questionnaire. If not, then arrange a telephone appointment for a more
convenient time.

Ifthe person does not allow you to continue, or decides after hearing the Consent Information Paragraph that they
do not wish to participate, then note this and ask for a brief statement of why they do not wish to participate.

If the Respondent decides not to continue in the middle of the questionnaire administration, note the reason why
on FRONT PAGE and draw a line after the last answered question. Offer the Final Report and thank the
Respondent for their cooperation and important contribution.

PAGE ONE

Write in or place a label with the serial number of the case or control subject at the top of the page.

Ask if the person has ever worked with Herbicides (eg. chemicals which kill plants):
a) Ifyes, note the year started and ended or continued working;
b) If no, then go to the next question;
c) If don't know, then go to the next question;

Ask if the person has ever worked with Pesticides (eg. chemicals which kill pests, including bugs, funguses,
plants, etc):

a)
b)
c)

Regardless of answer to above, ask if they have ever applied pesticides for others before getting the Florida
Pesticide Applicators (Restricted Use) License; ifyes, get calendar years of use.

Even ifanswered "don't know" or "no" to use of herbicides and Pesticides, ask ifyou can read the Pesticide List
to see if anything sounds familiar.

If answered "yes" to the use of herbicides and/or Pesticides:



a) Then fill in the decades;
b) Ask if they remember the names of any specific pesticides:

I) If yes. then ask about the approximate amounts (in gallons or Ibs) for an
average application, and number of days/year for each specific pesticide by
decade;

c) Whether they remember a specific pesticide or not, then read the Pesticide List,
I) If "yes" for a pesticide on the Pesticide List, ask about the approximate

amounts (in gallons or Ibs) for an average application. and number of
days/year for each specific pesticide by decade:

2) Finish asking about all the decades before going onto the next pesticide on the
Pesticide List;

d) Go to the back or W2W extra sheets if more space is needed, keeping to the same format;

PAGE TWO

Write in or place a label with the serial number of the case or control subject at the top of the page.

When asking about a) living on a Farm or Agricultural Enterprise, or b) applying pesticides at home, you CaJ.l
calculate the number of years for the Respondent by asking calendar years.

For the Cigarette question, a pack = 20 cigarettes. The "first started smoking cigarettes" would be more than I
cigarette per day use.

Alcoholic beverages = beer, wine, "hard" liquor, mixed drinks. The same definition of "regular usc" =>2
alcoholic beverages/week applies to both questions.

PAGE THREE

Write in or place a label with the serial number of the case or control subject at the top of the page.

The medical questions can be introduced by saying "I am now going to ask you a few questions about your
medical history". Read the entire list and then ask for any other chronic or major medical problems not
mentioned.

Sex = gender (can be marked by the interviewer without asking the Respondent) is of the study subject, not the
Surrogate.

The years of school definitions can be interpreted by the interviewer without having to read through the entire
list.

If the Respondent is hesitant throughout the interview, just ask to give the year ofbirth rather than the entire date
of birth.

For the RacelEthnic Group, first ask the respondent how they would describe the RacelEthnic Group; only read
the list if none of the listed answers are given or if there is significant hesitancy.

Ask an open-ended question concerning possible issues which the Respondent might wish to raise concerning
the possible health effects of occupational pesticide exposure.

Offer a copy of the Final Results of the Study (probably available in the Spring to Summer of 1997); if the

.<or)



Respondent expresses interest in a copy, then verify correct mailing address from Label and check the "ifyes.
verify address on label" box on the bottom of PAGE THREE if correct; if different address. note.

Thank the Respondent for their cooperation and important contribution. Remind that if there are any questions
or concerns, they can call the Principal Investigator (305-243-5912) whose name, address and phone number arc
on the letter.

OYERALL

Write comments and extra information on the Questionnaire Forms, and discuss with the Principal Investigator
afterwards.

Fill in some answer for all questions or write a reason why no answer.

If answer is not applicable, write "NIA".

If Respondent does not wish to answer, write "No Response".

If there are questions or problems, arrange for the Respondent to speak at a later date with the Principal
Investigator.

With Surrogate interview, it is important to rephrase all questions beginning "deceasedIRELATIONSHIP,
NAME OF STUDY SUBJECT's"..... ; all questions pertain tC' the pesticide applicator and you may wish to
continually remind the Surrogate during the interview.


