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Cancer Incidence in a Cohort of Licensed

Pesticide Applicators jn Florida

Lora E. Fleming, MD, PhD, MPH, MSc
Judy A. Bean, PhD

Mark Rudolph, MS

Kara Hamilton, MPH

This stud)"is a standardized incidence ratio (SIR) analysis of cancer
incidence of licensed pesticide applicators in Flovida, compared with that
of Florida’s general population. Through extensive data linkages,
33,658 applicators were assembled who had 1266 incident cancers and
279,397 person-years from Januvary 1, 1975, to December 31, 1993.
Disease risk from ethanol and tobacco use were significantly decreased.
Among males, prostate cancer (SIR = 1.91; 95% confidence interval
[CI], 1.72-2.13) and testicular cancer (SIR = 2.48;, 95% (I,
1.57-3.72) were significantly elevated. No confirmed cases of soft tissue
sarcoma (STS) were found, and the incidence of non-Hodghin's
ymphoma was not increased. There were few female applicators;
nevertheless, cervical cancer incidence (SIR = 3.69; 95% CI, 1.84-
6.61) was significantly increased, while the incidence of bre_(m cancer
was significantly decreased. Cancers that have been associated z_U{lh
estrogen  disrupters were found n male, bm'nol female, !Jestm_de
applicators. The lack of soft tissue sarcoma S at odds with prior
literature associated with the use of phenoxy herbicides.
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xposure 10 pesticides has become
ubiquitous to workers and the gen-
eral public because of increasing and
extensive applications and environ-
mental contamination. The acute
health effects of pesticides in hu-
mans are well documented. if under-
reported under current surveillance
systems: chronic health effects are
currently being investigated.'™ The
most obvious groups n which lo
study the chronic effects of pesti-
cides in humans are those occupa-
tional groups of workers who apply
pesticides in high doses as part of
their daily activities. Genotoxicity
studies and some recent epidemio-
logic studies in the occupationally
exposed populations point to the real
possibility of carcinogenic health ef-
fects in humans exposed to pesti-
Cides'!—e.lo—l:

Despite a variety of methodologic
issues.’* ~%'%"% baged on the weight
of evidence. conclusions can be
drawn from the aggregate of avail-
able chronic disease studies in pesti-
cide-exposed worker populations.
Farmers, manufacturers. and pesti-
cide applicators. the main worker
groups that have been studied. tend
to be healthier, compared with the
general population, especially with
respect to cardiovascular disease and
the diseases associated with heavy
tobacco and cthanol use. They are at
increased risk from accidents, some
of this possibly pesticide-related (eg,
aenal sprayen). Farmers are more
likely 1o die of infectious and non-
malignant respiriatory diseases: (o the
exient that cenain pesticides have
immunologic eftects, pesticide expo-
sure may contnbute toward these
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nisks. although this aspect has not been
studied ngorously as vet.' ¥

With respect o cancer. pesticide
apphcator groups (as opposed (0o
farmers) have an increased nisk of
cancer. compared with the general
population and with other worker
groups 1n most studies. Pesticide ap-
plicators and arsenic-exposed manu-
factuning workers are at nsk for lung
cancer. Testicular cancer may also be
increased among pesticide applica-
tors. Farmers have increased risks of
leukemia. multiple myeloma. and
prostate cancer. Farmers and pesti-
cide applicators can have elevated
risks of stomach cancers. Increased
skin cancer nisk 1s seen in both pop-
ulations but may be unrelated 10
pesticide exposure (ie. ultraviolet ra-
diation exposure). Brain cancer ap-
pears to be increased. not only in
these worker populations but possi-
bly 1n their offspring. Finally. results
from numerous studies suggest that
the worker populations exposed to
the phenoxy acids and other herbi-
cides have an increased risk for soft
tissue sarcoma and non-Hodgkin's
lymphoma‘1.4-6.15.20.33—27

To examine the issue of cancer
incidence in farmers and pesticide
applicators, a large cohort of licensed
applicators in the state of Flonda was
assembled. This study 1s a standard-
ized incidence ratio (SIR) study of
cancer incidence in this cohort of
licensed pesticide applicators in
Florda.

Materials and Methods

As enforced under the Environ-
mental Protection Agency since
1970, the Federal Insecticide. Fungi-
cide. and Rodennicide Act requires
that persons who buy or use the
approximately 125 restricted-use
pestcides currently avalable must
be cerufied as competent pesticide
applicators or must be directly super-
viscd by a certitied apphicator. Per-
sons who are not ceriified pesbcide
apphcators muy not purchase or use
restricted pesticides unless dircetly
supervised by a certified applicator
(up to 15 persons per certified appli-

Cancer Incidence in Licens

cator). Centification requires "‘“"f'?i*’
and written tesong lor competency '2
the sale and effective h.l,ldlmg an :
use of these pcsllcidcs. Licenses are
renewed every 4 years based on con-
tinuine education credils and/or wnt-
ten testing: for this study. licensure
was assumed to be mntinuous’!rom
the date of first licensure unul +.5
yean afier date of last licensure.
Private applicators arc persons who
use or supervise the use of restricted-
use pesticides in agriculture on prop-
erty owned or rented by themsclves
or their employer. Examples of pn-
vate applicators are farmers. ranch-
ers. floricullurists, and orchardists.
Therefore, private applicators are
considered to be farmers. Commer-
cial applicatars are persons who use
restricted-use pesticides for hire on
property other than their own full-
time and govemment workers (Pub-
lic applicators) who apply pesticides
as a major component of their jobs.
Therefore. members of the combined
group of commercial and public ap-
plicators are considered to be pesti-
cide applicators.

The core database for this study
was the list of pesticide applicators
licensed in the state of Flonda by the
Florida Department of Agriculture
and Consumer Services since 1975.
This database included each work-
er's name. Social Security number,
an‘d address. but date of birth was
missing for approximately 50% of
the cohort. predominanily those }-
censed prior 10 1982 In order 1
locate additional important informa.
tion (eg. date of binth, date of degeh
and inpidcnt cancer), linkages using’
4 vanety of algorithms were per-
formcd‘ with other available data-
bases, including the Florida Cancer
Data System (FCDS). Florida De.
partment of Motor v
Florida Death Tapes (from the Divi
s1on of Vital Statisucg), the Flg .d-
Agency for Healihcape Admmi-n a
llgn. und the Agency for He stra-
Financing, as wely s two ¢
ot vt

& : cs. The
bases were linked

chicles, the

althcare
Ommer-
Pidemio-
first three data-
with the entire

ed Pesticide Applicators ¢ Fleming ¢4 al

pestivide applicator databyge
whereas the other four databage,
were only linked for possible Iost-to‘_
follow-up cases because of limiteg
resources. The FCDS incident Cancer
registry database began ip 198].
therefore, there are no incident Casc;
of cancer prior to 1981, cven though
the earliest date ot official CXposure
(ie. licensure) for the cohor was
January 1. 1975. The Internationg
Classitication of Discase diagnosis
codes were standardized to the 8th
Revision for comparison purposes,

The retrospective cohort study of
canccr incidence was performed a5
an SIR study with the following sub-
population analyses: all applicators,
compared with the general Florida
population gencrated by the FCDS;:
male and female applicators sepa-
rately, compared with the gender-
specific Florida population; and pri-
vate and public/commercial male
applicators separately, compared
with the Florida population. The
SIRs were age-adjusted and calendar
time-adjusted but not race-adjusted,
because race information was only
available for the deaths and incident
cancer cases,

The age-adjusted SIRs were calcu-
lated according to the method of
Breslow and Day.™ The 95% confi-
dence intervals (Cls) for the SIRs
were calculated as per Rothmurl.‘)i—l?-
suming a constant denominator.”
Person-years started upon the first
calendar year and month of licensure
as of 1981 (the year when the FCDS
began to collect incident cases of
cancer) and ended with the date of
cancer diagnosis. the date of death,
or December 31, 1993, the end of 1.he
study period; persons licensed priof
to 1981 were included in the ¢
dence cohort, but their person-year
were not counted until 1981. BE
cause of comparisons with Othef
studies performed on the same o
hort, the age and culendar-ye
Broupings are prescnted in 5-yca;
groups, starting with age 20- FO_
Comparisons of means. thﬂ-".u0
sample ¢ test is utilized. All statistic
analyses were performed using
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yersion 6.11 software (SAS Institute
cary. NC). '
The protacol for this study was
approved by the University of Migm;
schoo! of Medicine Human Subjects
Committee and the FCDS,

Results

From the 39,090 original licenses,
Social Security numbers and names
werc used to identify 37,072 undy-
plicated licenses. Licensed individy-
als were excluded from the fipal
cohort (because of limited resources)
for the following reasons: license
had no date of birth listed (n =
2664); license was missing informa-
tion (including gender [n = 386)):
lticensee’s date of death or date of
licensure occurred before he had
reached 18 years of age (n = 21);
and/or licensee’s death occurred out
of state.*" The vast majority (>95%)
of those persons with missing infor-
mation had obtained their licenses
prior to 1980 and had not renewed
their licenses.

After the data linkages, 34,211
(92%) unique individuals had com-
plete information. From this total
cohort, there were 33,658 applicators
aged 20 yecars and older with 1266
cases of cancer. Over half of these
cancer cases (54%) had been diag-
nosed by 1988. Of these 1266 inci-
dent cancer cases, 518 (41%) had
died by December 31, 1993, with a
Mean age at death of 56.85 = 11.47
years. The total number of person-
years for the entire cohort was
279397 from January 1. 1975, to
Decernber 31, 1993.

Of the 33,658 workers aged 20
years and older, there were 3503
(10%) women and 30,155 (90%)
Men (Table 1). Using last-name as-
Signment as described above, only
1362 (4%) of the cohort were His-
Panic. Information on race was only
Wailable for 7417 (22%) of the co-
!‘01'1 (predominantly the deaths i{nd
ncident cancer cases): the majorty
Of these individuals (97%) were
White.

. The mean age at first licensure
1Ssuc (* standard deviulion) was

~_--‘—l--__
TABLE 1

Gender ang Licensure Distributions
Female Male Total

T b ow
Entire cohon _ ___‘____(ﬂl_
Private
] 2522 20505 22873
g:;:;ww 596 6936 7591
T 385 2714 2194
otal 3503 30155 33658
Cancer incidence
cases
Private ‘ 94 966 1080
COm.merud 8 120 128
Public 5 73 78
Total 07 1159 1266
All deaths
Prvate 86 1527 1613
Commercial 7 165 172
Public 5 85 90
Total 98 1777 1875

39.26 % 13.19 years, with a range of
18 10 89 years; the mean age at first
licensure for the women was signif-
icantly younger than that for men
(P < 0.0001) (Table 2). The mean
number of years licensed was 6.93 =
4.27. with a range of | month 1o
19.64 years: for the women, the
mean nurber of years licensed was
significantly less than that for the
men (P < 0.0001),

Of the different types of licensure,
22 873 (68%) were Private licenses,
7591 (23%) Commercial, and 3194
(9%) Public. As shown in Table 2.
those persons having a Private li-
cense were significantly older at first
licensure (41.43 * 13.66 years) and
at death (67.57 = 12.52 years) (P <
0.0001): this group was licensed. on
average. significantly longer (7.52 =
4.38 years) than were the vyorkcrs
with Commercial and Public licenses
(P < 0.0001). o

The SIR results for cancer inci-
dence for the male., female, and ‘Ia-
cense subcategories, compared with
the Florida population, are presented
in Tables 3 and 6. Of note. there was
only one case of soft tissue cancer
(Imemaliouul Classification of Dis-
ease code 171.9), but neview of the
morphology revealed that it was not
a sarcoma; therefore. there were no

cases of soft tissue sarcomd death in
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this cohort, although 2.7 cases were
expected.

Male Applicators

There were 30,155 male subjects
in the cohort 20 years of age or older
with 1159 incident cancers. The total
number of person-years for males
was 252.486. The mean age at first
licensure was 5591 * 10.81 years,
the mean ape at death was 57.96 *
10.41 years, and the mean number of
years licensed was 9.12 = 3.94 for
the male incident cases of cancer:
these were all significantly greater
than the overal! means for the rest of
the cohort. The SIR results for cancer
incidence for all male applicators.
compared with the Flonida popula-
tion, are presented in Table 3.

The SIR for all malignancies was
significantly decreased. compared
with the general Florida population
(SIR = 0.71:95% CI. 0.67-0.76). [n
general, most site-specific cancer in-
cidence rates were lower for the male
pesticide applicators, compared with
the rates for the Florida population.
The incidence of cancers associated
with tobacco exposure was signifi-
cantly decreased. such as that for
respiratory tract (SIR = 0.77; 935%
Cl. 0.67-0.88) and lung (SIR =
0.80: 95% CI. 0.70-0.92) cancers.
The exceptions (0 this were in-
creased cancer incidences for testic-
ular (SIR = 2.48: 95% CI, 1.57-
3.72). prostate (SIR = 1.91:95% CI,
1.72-2.13), eye (SIR = 1.79; 95%
Cl. 0.53-4.18). and bone (SIR =
1.56. 95% CI. 0.50-3.64) cancers:
prostate and testicular cancer inci-
dences were significantly elevated.
while there were only tive cases each
of eye and bone cancers.

Female Applicators

There were 3503 female subjects
in the cohort with 107 femaic inci-
dent cancers. The total number of
person-years for females was 26,911,
The female applicators with cancer
diagnosis were significantly younger
(with a2 mean age at first licensure
d49.58 = [2.71). were stenificantly
younger at cancer death (mcan age
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ender, and Lice
TABLE 2 i Time Lice nsed. and Age at Death by G nse Type
Mean (= Standard Dewviation) Age at Licensure, Length ©  Tost
Male Total __ PVale
Group Female _ male - - ——
hom T T T 26 =+ 13.19 0.0001
Cohont 45 = 1327 39
Mean age at first hcensure 37.68 = 12.32 3309 24 693 = 4.27 0.0001
Mean number of years licensed 5.47 = 3.04 66.12 - $3.52 65.92 = 13.65 002
Mean age at death 62.43 = 15.45 -
Cancer incidence cases 5591 = 1081 54.87 + 11.41 0.0001
Mean age at first icensure 49.58 - 12.711 8‘94 - 168 8.80 = 3.67 0.0001
Mean number of years licensed 725 - 31 5796 - 1041 56.85 = 11.47 0.0s
Mean age at death 54,47 = 9.34 7o ~
All deaths 56238 = 12.42 0.02
+=12.35
Mean age at first hicensure §3.37 = 13.26 5:33 : ;299 B.18 = 208 0.001
Mean number of years licensed 727 =273 ‘12 - 153 o 65.92 = 13.65 0.02
Mean age at ceath 62.43 » 1545 66.12 = .
Commercial/ t Test
Private _ Public _Total P Va_lu_a___
o Cohort .
Mean age at first licensure 4142 = 1365 3591 = 10.59 39.26 = 13.19 0.0001
. 568 =~ 374 693 + 427 0.0001
Mean number of years licensed 7.52 £ 4.38 . 92 - 13 65 0.0001
Mean age at death 67.55 = 12.52 5631 = 12.59 6592 = 13, )

54.47 = 9.34). and had significantly
less exposure {mean number of ycars
licensed 7.38 = 3.31) than their male
colleagues with cancer. The SIR re-
sults for cancer incidence for all
female applicators compared (o the
Flonda population are presented in
Table 3.

The SIR for all malignancies was
significomly decreased for female
applicators (SIR = 0.72; 95% CI.
0.59-0.87). In gencral. most site-
specific cancer incidence rates were
decreased for the female pesticide
applicators. compared with the rates
for the Floridu population. There
were no cases of cancer of the esoph-
agus. stomach. hiver. larynx. bone.
skin. or eye. nor were there any cases
of Hodgkin's lymphoma. The inci-
dence ol cancers associated with 1o-
bacco exposure was decreased. such
as that for respiratory tract (SIR =
0.56: 95% CI. 0.31-0.92) and lung
(SIR = 0.62: 95% CI. 0.35-1.02)
cancers. The incidence of female
genital cancers was sigmficamtly in-
creased. including that for all genital
(SIR = 2.07: 93¢ CL 1.31-3.10)
and cervical (SIR = 3.69: 95% CI.
1.84-6.61) cancers: breast cancer in-
cidence was significantly decreased
(SIR = 0.61: 95% Cl. 0.40-0.90).
The thyroid cancer incidence was

slightly elevated (SIR = 1.32: 95%
Cl. 0.15-4.77). but this was statisti-
cally insigmificant and based on very
low numbers.

Exposure

The majority of the cohort (54%)
had obtained their pesticide licenses
by 1984, with 39 = [3.19 years as
the mean age of first licensure: the
mean number of years of licensure
for the entire cohort was 6.93 + 427
years. ranging from | month (o 19.64
years, with a total number of person-
years for the cohort of 320,250 from
January 1. 1975, to December 31,
1993,

The SIRs for overall cancer inci-
dence were consistently angd signifi-
cantly less than that of the Florida
populition (Table 4). However, 3
;rcnd of decreasing cancer Incidence
rom the carliest years icens
(1975-1979: SIR )= 0.7(6): ggi/l:s:;:rlc
0.71-0.82) t0 the most rccan
(1990-1994: SIR = 0.34; 955 (|
0.20-0.54) was observed, dcspilg;
age adjustinent, Similar results and
|rc.-nd.s Were seen by pender subgroup
gnd tor lt-!SllCUIIlT and prostate c:;nccr,

u:-lnol for cerviea] cancer,

owever, for the . )
incidcnm_: by nmnbcrgwc')rfal)l'cz:: CI?-
censed. in d-yeqr groupings (Table

5). there was an inverse dose-
response relationship in which the
trend is one of decreasing risk with
increasing years of licensure, from
the fewest years of licensure (0-4
years: SIR = 0.84: 95% CI, 0.65-
1.06) to the greatest number (16-20
years: SIR = 0.42: 95% CI. 0.33-
0.53). Similar results were seen for
cervical cancer (not shown). Testic-
ular cancer incidence showed a sug-
gestion of a trend of increasing risk
with increasing number of years ex-
posed, especially in the calendar year
subpopulations; prostate cancer had
an umformly clevated risk despite
increasing years of exposure, al-
though. again for the earliest 197_5‘
1979 subcohort. there is a suggestion
of a positive dosc-response (latter
not shown),

Private (Farmers)
Male Applicators

Only male applicators were In”
Cluded in these subpopulation analy-
s¢s because of (he relatively Sn“f'
numbers of temale applicators M
each licensure subpopulation. Ther®
were 20,505 Private (Farmer) male
applicators with 966 (76%) of W
entirc cohort incident cancers. Thc
SIR results for causes of cancer it
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TABLE 3
Male and Female Applicators: Canger Incidence Stang
(95% Cls) ardized incidence Ratios (SIRs) and 95% Confidence Intervals
a-b; —— ___Eli___ Females
___ Cancer Cause iy Florida SIR Observed Florida SIR
AN sites - N Number (95% Ci)
Buccal/pharynx 32 0.71 (0.67-0.76)" 107 ) ﬁ(g-sgoén
Digestive 227 0 66 {0.46-0.92) 5 1.03 (0.33-2 40)
Esophagus 14 0.76 {0 66-0 87)° 15 0.55 (0.31-0 91)°
Stomach s 0.84 (0.46-1.41) 0 0.33 (0.00-3.11)
Large intestine o8 0.53 {0.30-0.88)" 0 0.19 {0 00-1.60)
Recturn 52 0.70 (0.57-0.85) 10 0.78 (0.37-1.44)
Liver 18 0.88 (0.66-1.15) a 0.56 (0.11-1.63)
Pancreas 26 (1);: :gg;"‘?s)) 0 0.34 {0.00-3 14)
irato 85 (0.56-1. 1 0.36 (0.01-2.00)
Ref:,ynx v "’?g 0.77 (0.67-0.88)" 15 0.56 (0 31-0.92)
Lung 216 0.47 (0.24-0 83) 0 0.22 (0.00-2.06)
Bone : 0.80{0.70-0.92) 15 0.62 (0.35-1.02)
Skin e 1.56 (0.50-3.64) 0 1.53 (0.00-14.23)
093 {0.69-1.24) [ 0.93(0.30-2.17)
Bladder 59 0.96 (0.73-1.24) 3 0.54 (0.11-1.58)
Kidney 26 0.74 {0.48-1.08) 1 0.31 (0.01-1 71}
Eye 5 1.79 (0 58-4.18) 0 1.88 (0.01-17.56)
_;B_;amfc;entral nervous system 24 1.09 (0.70-1.62) 2 0.92 (0.10-3.31)
yro\ 6 0.42 {0.15~0.92) 2 1.32(0.15-4.77)
All lymphopoietic 76 0.90 {0.71-1.13) 6 0.74 (0.27-1.60)
Lymphosarcoma KV 0.90 {0 62-1.27) 2 0.58 {0.07-2.11)
Hodgkin's 8 1.06 (0.46-2.10) 0 0.59 (0.00-5.47)
Leukemia 25 0.93 (0.60-1.37) 3 1.17 (0.24-3.42)
Other lymphatic 1 0.78 {0.39-1.39) 1 0.77 (0.01-4.30)
Soft tissue sarcoma 0 0.41 (0.01-2.26) 0 2.06(0.01-19.19)
Mate and female cancers
Prostate 353 1.91 (1 .72-213]- 0
Testis 23 2.48 (1.57-3.72y 0
Breast 2 0.52 {0.06-1.87) gg g.g; :?.;?:30.193)_'
A"CQ:N”:?' 3 1 3.69 (1.84-6.61)°
Uterus 0 1 1.44 (0.72-2.58}
Other genital 0 3 090 (0.18-2.62)

', Statistically sigruficant 95% Cl.

' All ratios are age- and calendar year-adjusted: where

cidence for all Private (Farmer) male
applicators, compared with the entire
Florida population, are listed in Ta-
ble 6,

Cancer incidence for the Pnvate
Male applicators was significantly
decreasca, compared with the Flor-
ida population (SIR = 0.72: 95% Ck
0.67~0.77). The majority of site-
Specific cancer incidences were de-
‘reased, compared with the Florida
POpulation, including tobacco-fc-
dled respiratory tract (SIR = 0.75:
95% C1, 0.65-0.87) and lung (SIR =
0.78: 950 CI. 0.67-0.90) cancers.
Testicular (IR = 2.37: 95% CL
:33-3.91) and prostate cancer

(SIR = 1.97: 95% ClL 1.76-2.20)
incidences were significantly ele-
vated. Hodgkin's lymphoma (SIR =
1.50: 95% Cl. 0.65-2.96) and cye
(SIR = 1.33 95% CI. 0.27-3.89)
cancer incidences were somewhat ei-

evated but not significantly.

commercial and Public
Male Applicators

‘There were 9650 Commcr_cial and
public male applicalqrs with I9‘_7.
(15%) of the cohort incident c_anccr.t..
Of these combincd mqlc appllf:ators_,
6963 were Commercial .1ppl|g:uors
(72%) and 2714 were Public (28%).

no cases exist, SIAs and Cls were calculated assuming n = 0.5.

The SIR results for cancer incidence
for all Commercial and Public male
applicators, compared with the entire
Florida population. are listed in Ta-
ble 6.

Cancer incidence for the Public
and Commercial male applicators
was signmficantly decreased. com-
parcd with the Flonda population
(SIR = 0.69; 95% Cl. 0.59-0.79).
The myjonty of site-specific cancer
incidences were decrcased, com-
pared with the Florida population,
including tobacco-related respiratory
tract (SIR = 0.86; 95% Cl. 0.62-
1.15) and lung (SIR = 091: 95%
Cl. 0.65-1.24) cancers. Testicular
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TABLE 4 _ % Cls, by
All. Male, and Female Applicators: Cancer Incidence SIRs and 95% Uls,
Calendar Year of First Licensure' ‘
Observed Florida SIR
Licensure Year __N_urpfer_ ____(_950',% _Cl) e ————
QOverall cancer incidence
All appicators .
19‘;2—1979 865 076 (0771-0-37';])_
1980-1984 259 068 (060-0. i
1985-1989 124 0.61 (050—0.72).
1980-1994 18 0.34 (0.20-0.54)
All males .
1975-1979 807 0.77(071-0 82).
1980-1984 232 068 (0.59-0 77).
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 0.69 (0.45-1.00)
1985-1989 20 0.78 (0 48-1 21}
1990-1994 2 0.46 (0.05-1.65)
Testicular cancer incidence
All males
1975-1979 11 3.18 (1 58-5.69)°
1980-1984 8 290 (125572
1985-1989 4 1.73 (0.47-4.44)
1990-1994 0
Prostate cancer incidence
Ali males
19751979 256 1.98 (1.75-2 24y
1980-1984 65 186 (144-2.38)
19851989 29 1.79 (1.20-2.57
1990-1994 3 0.71 (0.14-2.07)
Cervical cancer
All females
1975-1979 2 2.19 (0.25-7.91)
1980-1984 1 1.06 (0 01-5.88)
19301989 8 854 (3.68-16.82)
1990-1994 0

* Staustically significant 95% CI.
" All ratips are age-adjusted.

(SIR = 2.72: 95% CI. 1.17-5.36)
and prostate cancer (SIR = 1.54;
95% CI. 1.09-2.13) incidences were
sigmficantly elevated. Eve (SIR =
374. 95% CI. 0.42-13.51). bone
(SIR = 2.67; 95% CI. 0.30-9.63),
stomach (SIR = 1.33:95% C1. 0.48 -
2.89), and large intestine (SIR =
1.28: 954t CI, 0.84-1.88) cancer in-
cidence rates were elevated but not
significantly: there were only (wo
cases each for eye and bone cancers.

Discussion
These licensed Florida pesticide
applicators have significantly de-

creased incidences of cancer, com-
parqd with the general Florida pop-
ulation, even in the subpopulations
analyzed by gender and license
type. Furthermore, as seen in mar‘ly
othc.r studies of agnicultural apg
pesticide-exposed workers, this co-
horl has a decreased risk of c:incer
from ctiologies associated with the

use of tobacco pr
nol."‘“"-’5-30.23-pz10dm:ls and etha-

Data Limitations
This study is one of
. the fe
ies of cancer incidcncc. as LoW S;uc‘l-
to mortality, in farmers and pe[:[tjlcj:ld
[ e

pesticide Applicators * Fleming o4 ,,

applicators. l\.lcvcrlhclcss. these ang.
yses suffer from many of the datg
limitations scen th previous epidem;_
ologic hillfilljrl(?_f:op‘»[ﬂ’({'d'c'uposed
workers. ndividual apq
cohort-specilic confounding factors
(such as smoking) and detailed pes-
licide-exposure information were poy
obtained for this cohort. Additiong]
limitations include issues of (he
healthy worker eltect, exposure meg.
sures, and loss to follow-up,

The use of the quida population
as the major comparison population
is appropriate for geographic apg
logistic considerations. However, ip
occupational studies, the use of
general population as a comparison
population must inherently raise the
issue of the previously discussed
healthy worker effect, even for
chronic discases such as cancer; it is
preferable to perform internal analy-
ses (as done in comparing the Private
1o the other licensure groups) or use
an external occupational cohort
group.”*2%** Of note, additional
analyses (not presented) were per-
formed by the investigators compar-
ing the mortality experience of this
cohort to the mortality experience of
the National Cancer Institute's
pooled occupational data set known
as CORPS (Computerized Occupa-
tional Referent Population System),
excluding any cohorts with known
pesticide exposure, In standardized
mortality ratio analyses, this Na-
tional Cancer Institute's worker data
set was very similar in its mortality
experience 1o the general Florida
population, in part because of the
fact that the CORPS subjects were
all involved in cohort studies ©
workers exposed to possible carein-
ogens. Thus these additional analy-
ses did not solve the bias of (he
healthy worker effect for this cohort:

The exposure measures are 1
tively crude and nonspecific. based
on the licensure calendar year 30
years of exposure, as well s the
icensure subgroup and certificatio”
Subcategory. Therefore. licensure
Serves as a surrogate measure 0
exposure; this assumes that the 3F°



JOEM « Volume 41, Number 4, pp;; 1939

e
1ABLE 5 \

All, Male, and Female Applicators; Canc .
years of Licensure' o Incidence SIRs and 95% Cls by
Years of Licensure %b:r:r:ed Florita SIR
i — e —— — er
Overall cancer incidence T — _‘?_5.,'_91_
All applicators
0<4
4=8 4351' 0.84 (0.65-1.06)
8 =12 552 0.71 (0.65-0.78y’
12 = 16 5 0.77 (0.71-0.84)°
16 = 20 g: 0.72 0.60-0.85)
All males 0.42 (0.33-0 53)
D=4
4=8 60 0.83 (0.63-1.07
8 < 12 373 0.70 (0.63-0.77y
12—5 16 520 079{0.72-0.86)
16 = 20 12; 0.73 (0 61-0.86)
All females 0410.32-0.52¢
0 f 4 9 0.91 (0.41-1.72)
4=8 58 0.85 {0 65-1.10)
B =12 32 0.58 (0.39-0 82)
12 < 16 5 0.51(0.16-1 19)
16 = 20 3 0.71(0.14-2.08)
Testicular cancer incidence
All males
D=4 0
458 12 2,06 (1.12-6.66)°
8 =12 16 622 (2.68-12 26)
12 < 16 8 10.13 (2.73-25.94)
16 = 20 6 7.16 (1.44-20.92)"

*, Statistically significant 5% CI.
! All ralios are age- and calendar year-adjusted.

plicator uses the restricted chemicals  sions that can be drawn from these
throughout the 4-year licensure pe-  analyses. _ .

riod: that in the case of older persons, Date of birth mﬂ_:)m?agton was not
the applicator did not apply prior to  available for 2664 ln.dl'\'lduals in lhle
the beginning of the licensure pro-  cohort: this information was_nortoc?lc;
gram (ie. prior to the beginning of lected by the state Tordwas Iu knt:! es
the cohort); and that the applicator is through the mulnpe: .zlua o}n ages
acwally applying the restricted-use  performed. 'Ihes‘r;ajcinefe f these
Pesticides rather than acting in a :nt.imduals (>9 "t'l)wuvl © bseven
Purely supervisory role, since each  pnor (0 1980.].\;:1 hout St
licensed applicator may overse¢ up license renewal:

i 1vi l'C. SU['C. Sln .

licensure allows the acquisition and i hey were not located by mul-
use of over 125 different resiricted-  SINCe ldcty linkages. Nevertheless.
Use pesticides; no individual pesti- "P]i “sons were ultimately ex-
Cide-cxposure data, beyond cen;{in mcztdp;:‘;m l'hl! master databasc co-
Certification categories. were avail-  clu ebccause date of birth informa-
able. Another limitation is the lack of Ifoﬂ ~ csential for the statistical
dividual or even group measures of lIDﬂl ';es performed. If the majonity
IMportant confounding eXxposure ana }‘ e persons are alive. this would
Variables, such as tobacco use OF oflh::sgelhc paradoxical dose-
€¥en nonoccupational pesticide ex- de~cror;se effects seen in the SIR
Posure. The lack of these data is an re;pn the number of years licensed
'Mportant limitation on the concld- whe
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and the age at first licensure are
evaluated; if of the majority these
persons are dead. then the paradoxi-
cal cffects would be even greater.
Regardless. the loss of these persons
from the cohort is an important lim-
itation to these analyses and conclu-
sions.

Overall, this cohort is relatively
young, with relatively little post-
licensure exposure (6.93 = 1.27
mean years of exposure); therefore,
much of the cancer experience of this
cohort will occur in the future. Fur-
thermore, although the licensure sys-
tem started arbitranly in 1973, sub-
stantial numbers of people in the
cohort could have been exposed 10
pesticides prior to this licensure. In
addition. the lack of cancer incidence
data prior to 1980 may have lead to
an underestimate of cancer incidence
for this cohort (although it also ef-
fectively introduces a 5-year latency
period). Therefore. given the impre-
cise exposure measure. the loss of
subjects from the early vears of the
cohort. the healthy worker effect (in-
cluding the selection of healthier
workers™ overtime). and the possibil-
ity of pesticide exposure prior 1o the
beginning of the cohort study, the
inconsistencies noted in the evalua-
tion of dose response— especially
for duration of exposure—can be
understood. Of interest, subcohon
analysis for 1975 to 1980 did show
trends of increasing nsk with in-
creasing number of vears® exposure
for prostate and testicular cancer in-
cidences.

Males

With regards to cancer among
maie applicators. the most consis-
tently elevated cancer incidence rates
were those for testicular and prostate
cancers. However, in contrast to the
literature, the incidence rates of these
cancers were elevated in both licen-
sure-type subcohorts (Private vs
Commercial and Public). This sug-
gests the possibility that previous
mortality studies of pesticide-ex-
posed workers may have underesu-
mated the risks of these cancers since
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TABLE 6
Mate Pnvate {Farmer) Versus Commercial and Public Applicators: Cancer
Private )
Observed F'“'iga S|IR
Cancer Cause Number (95 '°.c ) R
Al sites - 966 0720 67'%‘@).
Buccalpharynx 26 061 ‘0‘42‘0 '33).
Digestive 181 072006 e
Esophagus 1 0.80 (0 40-1.74
Stomach 9 038(017-0.79
72 0.60 {0.47-0.76)°
Large intestine
Rectum 48 0.97 {0.72-1.29)
Liver 16 1.20 (0.69-1.95)
Pancreas 22 085 (0.53-1 .29).
Respiratory 187 0.75 (0.65-0.87)°
Larynx 10 0 48 {0.23-0 89)
Bone 3 1.22 (0.25-357)
Skin 37 0.95 (0 67-131)
Biadder 53 101(0.75-1.32)
Kidney 22 0.76 (0.47-1.15)
Eye 3 133 (0.27-3.89)
Brain/central narvous system 20 1.17{0.71-1.80)
Thyrod 4 0.39 {0.10-0.99}
All lymphopoietic 65 0.95 (0.74-1.22)
Lymphosarcoma 26 0.91 (0 59-1 33)
Modgkin's 8 1.50 (0.65-2.96)
Levkerma 22 1.00 (0.62-1.51)
Other lymphatic 9 0.75 (0 34-1 43}
Soft ussue sarcoma 0 0.50(0.02-7.50
Male carcers only
Prosiate 316 1.97 (1.76-2.20y°
Testis 15 2.37 {1.33-3.91)
Breast 2 0.70 {0.00-2.15)

incidence SIRs

d Pesticide applicators * Fleming et ,,

—

and 95% Cls

Commercial and Public {Combineq)
Observed Florida SIR
Number _”__(95% )
- 193 0.69 {059_07-9_1:"---.
9 0.88 (0.40-1.68)
46 1.00(0.73-1.33)
3 1.04 (0.21-3.05)
6 1.33 (0.48-2.89)
26 1.28 (0.84-1.88)
4 0.41 {0 11-1.06)
2 0.75 (0.08-2.72)
4 0 86 {0.23-2.21)
aQ 0.86 {0.62-1.15)
2 0.44 (0.05-1.57)
4 0.91 (0.65-1.2¢)
2 2.67 {0.30-9.63)
M 0.87 (0.43-1.58)
6 0.69 (0.25-1.50)
4 0.64 (0.17-1.64)
4 0.82 (0.22-2.09)
2 0.53 (0.06-1.90)
" 0.68 (0 34-1.22)
® 0.88 (0.32-1.91)
9 0.50 {0.00-2.35)
3 0.63 (0.13-1.83)
2 0.89 (0.10-3.22)
0 1.87 (0.02-10.39)
3 1.54 (1.09-2.13)
8 2.72 (1.17-5.36)"

*, Stahstically signiticant 95% CI.

T All ratios are age- and calendar year-adjusted, where no cases exist, SIRs and Cls were calculated assuming n = 0.5.

testicular and prostate cancers have
much higher incidence rates than
mortahty rates, because of excellent
realment available for the former
and the general indolence of the lat-
ler."'” 1L - A0

As mentioned carlier, an clevated
prostate cancer risk is a consistent
finding in most previous studies of
farmers. Given farmers’ high occu-
pational ultraviolet radiation expo-
sure, this finding is ot odds with
current theories concemning the pos-
sible protective effects of vitamin D
exposure.”” One possible explana-
tion is that these relanively bealthy
working populitions are more likely
10 get prostale cancer simply because
they do not dic of other competing
causes of mortahity so commen in the
general population, given the ex-
wemely high prevalence of prostate

cancer 1n elderly men. Organochlo-
rinc pesticides as possible estrogen
analogs and their possible relation 1o
worldwide increases in testicular
cancer and prostate cancer are also of
interest. Male alligaiors in Florida
with heavy organochlorine exposure
were found 10 be reproductively ip-
competent, while recent repons have
raised the question of an overall
worldwide significant decrease in
human Sperm counts and increases jn
cryplorchidism, which are possibly
related 1o pesticide uge, ¥$-40 P;doru
r.cccnlly. some of the organochlo-
rmes have been shown g animal
models to be anu-andropepy 40 :
Eye and bone cancers were gl
clevatled amonyg the mgle applicmoso.
tbe small number of Cases makrs‘
definitive imcrpreration difficuly :ls
though similar clevations have heep,

seen in other studies. Compared with
other studies, the risks of leukemia
and brain cancer were not elevated in
this incidence study.®' 1A

There were no confirmed cases of
soft tissue sarcoma in this cohort of
pesticide applicators, although over
Iwo cases were expected, and the
incidence of non-Hodgkin's 1ym
phoma was not increcased in any of
the subpopulations examined. Thes®
findings are at odds with prcviously
published literature associating the
use of the phenoxy herbicides among
farmers and pesticide applicators
with an increased risk of nowv
Hodgkin's lymphoma and soft tissué
sarcomag 4t

Females

The number of female applicai®™
Was relatively small, as were
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pumbers of incident cases of cancer
in this subpopultion. They were asq
signlﬁcunlly younger and had signif.
icantly decreased  exposure times,
compared with their male counter-
arts. The female applicators are def.
initely healthicr than the comparison
Florida population. Nevertheless, a-
though comparisons cannot be made
across SIRs. as described above, the
female applicators, on the whole,
appedr to be healthier than the male
applicators: this may be due 10 their
decreased exposure time, as wel) as
the unstable risk measurements that
occurred because of the small num-
ber of female applicators. Breast can-
cer incidence was not elevated in any
of the subpopulations, despite the
presence of multiple organochlorine
pesticides on the Resiricted Pesticide
List. Only a few studies of occupa-
tional exposure to organochlorines in
women exist with which current hy-
potheses concerning the possible eti-
ologic relationship between exposure
to organcchlorines (as estrogen ana-
logs) and the increased nisk of breast
cancer can be tested. Furthermore,
all studies to date have been in non-
occupational groups.***

Cervicul cancer incidence was sig-
nificantly increased in all women
and in both subpopulations. The fact
that cervical cuncer was increased in
the cancer incidence but not in prior
mortality studies is consistent with
the availability of excellent screen-
ing and treatment techniques that
now exist, A significantly increased
risk of cervical cancer with increased
fumber of years of exposure Wwas
seen. Very little has been published
On female pesticide applicators In
gencral; therefore, although this
Swdy involved a small subpopula-
tion, these findings are of interest

and deserve to be studied fur-
Lther | 23-25

Private (Farmers) Versus
POmmerciaI and
ublic Applicators

. Wit regards to the comparison of
‘Censure cytegory. both Jicensure

subcategories have
evated risk for pros

;::n;':il;) ’rm;':;::r'm this study but not
cancer has bcenl[y studies. Prostate
i funner; i I(J}!n(f 10 be clevale
Wiklund ot a epone 1o o IS
for incident Tcpqned the elevation

; testicular cancer in
Swedish pesticide applicators and
other groups reported limited ele-
vated morality among various
worker groUPS.JI..‘S.Sl—Sb Many of
the pesticide applicator studies have
been cancer mortality studies, rather
}han cancer incidence studies. This is
Important since lesticular and pros-
tate cancers have much higher inci-
dence rates than mortality rates. This
does not explain why the subpopula-
tions would have different monality
rates but similar incidence rates, un-
less (1) the cancers are more aggres-
sive in the licensure subcategories,
{2) there are access-to-care issues,
(3) there is a possible diagnostic bias,
or (4) there is a relative lack of
competing causes of death. by licen-
sure subcategories.

Finally, as opposed to the in-
creased risk for lung cancer seen
among several cohorts of pesticide
applicators (including a separate co-
hort of structural fumigators and
household pesticide applicators in
Florida), lung cancer incidence was
nonsignificantly decreased among
the Commercial and Public pesticide

' 33,57-39
applicators.

As with many of the existing studies
on occupational pesticide exposurc.
this cohort of Florida pesticide appli-
cators deserves further research. Com-
pleting the follow-up process for the
86 of Lhe cohort that 15 currently lost
to follow-up would be worthwhile, as
nding the number of years
of follow-up for the entire Foho_n ip {he
future. In paticular. fie(ulled m(-h“d_.
yal exposure information for pe,sAllcxdes
and confounders should be sougfl‘t.
Additional studies of the 15‘ or ff:m';;
workers supervised by an lndu:'u:llllJ‘
licensed pesticide applicator {u},d 10
rccommcndcd since these indivi -.;].1 s
may be even more Iyghly exposed than
the licensed SUPLTVISOL.

asignificantly el-
tate and testicular

would exte
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