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E 
. ~his silldy_ is a stand~r1iud inciden(e ralio (SIR) analysiJ of rnnrer 
inndenu of llrensed pesltcu/e apphrators in Flo,ida, compared with that 
of Florida s general /10/mlation. Through extensive data linkages, 
33,658 applicatars were assnnbled who had 1266 incident mnrrrs and 
279,397 penon-years from Ja111rnry 1, 1975, lo December 31, 1993. 
Disease risk from Plhanol and toba((o UJe were sig111fica11t~\' deaeaJe,I. 
Among males, pro5tate ({lncer (SIR= 1. 91; 95 % co11fide11ce interoal 
{Cl), 1. i2-2. 13) and testicular amcpr (SIR = 2.48; 95 % Cl, 
1.57-3. 72) were signijirnntl)' elevaled. No co11Jim1ttl ca.ses of soft tissue 
sarcoma (STS) were found, and the incidence of 11011-Hodgkin s 
~ymplwma was not increased. There were few fema!e applicators; 
neverthf.!ess, cervical cancer incidmce (SIR = 3.69; 9J % Cl, 1.84-
6. 61 J waJ sign ificn ntly ; ncreased, whilt the incidence of bre~Jl ca n~er 
was !iignijirantly decreased. Can~eTJ that have been assocwted ~v~tl, 
estrogrn disrnpters were found m malt', b111 . not fnnale. ptsltcr~e 
apj)/imtors. 77ze lade of soft fissut' sarcoma u. '!t otlds with pnor 
literature associated with the use of pheno.9• herbtcidtl. 

xposure to pesticides has become 
ubiquitous to workers :md the gen­
eral public because of increa..c;ing :ind 
extensive applications :ind en\'iron­
menl:il contamination. The acute 
he.11th effects of pesticides in hu­
mans are well documented. if under­
reported under current ">Urveillance 
systems: chronic health effects are 
currently being in\'estigated. •-•i The 
most obvious groups m which lo 
study the chronic effects of pesti­
cides in humans are those occupa­
Lional groups of workers who apply 
pesticides in high doses as p:in of 
their daily activities. Genotox.icity 
studies and some ~cent epidemio­
logic studies in 1he occupation.~Jly 
exposed populations point to the real 
possibility of carcinogenic health ef­
focts in humans e:\poscd to pesti­
cides. 1-6.10-1:? 

Despite a variety of methodologic 
issues.1.-'-b.to-:::o based on the weight 
of evidence. condusions can be 
dr.iwn from the aggregate of avail­
able chronic disea.,c studies in pesti­
cide-exposed worker populations. 
Farmers, manufacturers. and pesti­
cide applicators. the main worker 
groups thal hJ.\'C been studied. h:nd 
to ~ healthier. compared with the 
general popul:ition. e~P'!d~1lly with 
respect to cardiovascular dise.1sc and 
the disci.lses ,L,s1Xia1cd with heavy 
l<lbacco and ethanol usc. Thcy an.: at 
increased risk from ~1ccidcnb. some 
of tlw, possibly pc,;.1idde-rclatcd (cg. 
a.:rial :-.prayer..) . Fam11!rs arc more 
likdy 10 die of infct:tious and non­
malignant rc-.pirnlory dio;cascs: to the 
cxtcni 1ha1 i.:cnain pe,11cides have 
immunologic erti:ch. pesticide expo­
sure may conlnbutc toward these 
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risks. although lhis aspi.-ct has not tx.-en 
5-tudied ngomusly a., yet. 1 .i.::o ~~ 

\\'1th n:spccl ll) cancer. rx·stic1de 
apph\.'alor group~ (a~ t'PPtN~d 10 
farmers) ha,·e an incn.·ased risk of 
cancl!r. compared with the general 
popula11on and with other worker 
groups in niost studies. Pesticide ap­
pliL·a1ors and ar.-enic-exposed manu­
fac1uring workers :ire al nsk for lung 
cancer. Testicular cancer may also be 
incre:J..<;Cd among pesticide applica­
tors. Farmers ha,·e increased risks of 
leukemia. multiple mycloma. and 
prostatl! cancer. Frumers and pesti­
cide applicators can have elevated 
risks of stomach cancers. Increased 
skin cancer risk 1s seen in both pop­
ulations but may ~ unrelated 10 
pesticide exposure fie. ultraviolet ra­
diation exposure). Brain cancer ap­
pears to be increased. not only in 
these worker populations but possi­
bly m their offspring. Finally. results 
from numerous studies suggest that 
the worker populations exposed to 
the phenoxy acids and other herbi­
cides ha\'e an increased risk for soft 
tissue sarcoma and non-Hodgkin's 
lymphoma.1·.J-t.. ,~.w.~:i-::i-, 

To examine the issue of cancer 
incidence m farmers and pesticide 
applicators. a large cohort of licensed 
applicators in the state of Flonda was 
assembled. Thi~ study is a ~tandard­
ized incidence ratio (SIR> study of 
cancer incidence in this cohort of 
licensed pesticide applicators in 

Florida. 

Materials and Methods 
As enforced und~r the Environ­

mental Protection Agency since 
1970. the FcdL·ral ln~ccticidc. Fungi­
cide. and Rodcmic1dc Act requires 
that person,; who buy or use the 
approximately 12.S restricted-use 
pesticide, cummtly a\':ubblc must 
be: ccn1ficd a, rnmpctcnt pc,1ic1dc 
applic:..itor,; or mu:-! he directly super­
\'iscd by a certified appllc..11or. Per­
~ons who arc not certified pesticide 
applicators may not purchase or use 
restricted pesticide'.' tinkss directly 
supervised by a certified apphc:ator 
(up to 15 persons J>t!r certilicd appli-
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. - • r 'lluiri:s 1rainin!! cator). Ccrt1la:al1lm t.: • . ~ 
. lp 'IL'fll"\' Ill and \,·nncn 1c-;11ng Jor con t: • d 

1hc ~afc and cffcctin~ h,1ndhn!! an 
I · is·, are use of these pcsllcidc,. .l\."l'I · t: 

, • •• "' "-·1,cd on con-renewed every -t ) t::J, ·• l'• · , 
d. - - d/or wnt­tinuin!! educauon ere lh an 

~ . 1- ti . <tud)' liccn.;ure ten testJn!?: or 11:-- ·' • : 

was .1s,u~1cd to he; continuous . lrom 
the date of first licensurc unul 4.5 
year- after date of last licen5ure. 
Primtc• appl1Ct1ror.s arc ~rson~ who 
use or supervise the use of rcsmcted­
use pc5tlcides in agriculture on prop­
erty owned or rented by themsclv~s 
or their employer. Examples of pn­
vate applicators are fanners. ranch­
ers. floriculturists. and orchard1sts. 
Therefore, private applicators are 
considered 10 be farmers . Commer­
cial applicators are persons who use 
restricted-use pesticides for hire on 
property other than their own full-
1ime and government workers (Pub­
lic applirntors) who apply pes11cides 
as a major component of their jobs. 
Therefore . members of the combined 
group of commercial and public ap­
plicators arc 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 e.ich work­
er's name. Social Security number, 
and address. but date of binh was 
missing for appro:i1imately 50% of 
the cohort. predominantly those li­
cen!>ed prior to 1982. In order to 
l?'ale additional imponant infonna­
t1on ~cg_, date of binh. date of death, 
and incident cancer) linkanes u . . • ~ sing 
a vanety _of algorithms were per-
formed with other avail.,bJ, d 

. . .. l: ata-
bascs. including the Flon· ,,_ C D u..i anccr 

ata System (FCDS). Florida De-
partm~nt of Motor Yeh· I 
Fl .d O 1c es, the 
. on a eath Tapes (from th 0 .. .. f y · 1 C IV1-.,10n o Ila Statistic") th Fl . ·• · e · onda Agency for Heallhcarc Ad . 

t . d h m1mstrn-1on. an t c Agency for Hc·1) 
Financing, a., well a" t • thcare 

I ., wo commer 
c1a groups. Equifax and E . . -
logic Resources. The fi t•dem,o­
bascs were linked _r~ht t rec data-

wu the entire 

pcsti\.'idc applicator database 
wh~rcas the other four database' 
were lmly linked for pos,iblc lost-to~ 
follow-up L'ascs because of limited 
r~sourcc'-. The FCDS incident cancer 
registry database began in 198 i · 
therefore. there are no incident case~ 
of canc~r prior to ~ 981. even though 
the earliest date ot official exposure 
(ie. licensurc) for the cohort was 
January I. 1975. The International 
Classification of Disease diagnosis 
codes were standardized to the 8th 
Revision for comparison purposes. 

The re1rospecti ve cohort study of 
cancer incidence was performed as 
an SIR study with the following sub­
population analyses: all applicators, 
compared with the general Florida 
population generated 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 infonnation 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.:?.11 The 95% confi­
dence intervals (Cls) for che SIRs 
were calculated as per Rothman, as-

. . '>')-)I 
suming a constant denominator.-
Person-years ~tarted upon the first 
calendar year and month of licensure 
as of 198 l (the year when the FCDS 
began to collecl incident cases of 
cancer) and ended with the date of 
cancer diagnosis. the date of death. 
or December J 1. 1993, the end of the 
study period: persons licensed ~ri~r 
to 1981 were included in the incl· 
dence cohort. but their person-yenrs 
were not counted until J 981. Be· 
cause of comparisons with 0ther 
studies perfom1ed on the same co-
h e1r 

Ort, the age and calendar-Y ' 
. . 5 year groupings arc presented in -

groups, Slartino with age 20. for 
. o 1wo· 

comparisons of means. the . a1 
sample, 1cs1 is utilized. All s~ali~~~S 
analyses were performed using 
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version 6. J I software (SAS lnstilute 
c:iry. NC). ' 

The protocol for this study was 
;1pprovctl by the University of Miami 
School of Medicine Human Subjects 
Committee and the FCDS. 

Results 
From the 39.090 original licenses 

Social Security numbers and name~ 
were usctl to identify 37,072 undu­
plicated licenses. Licensed individu­
als were excluded from the final 
cohort (because of limited resources) 
for 1hc following reasons: license 
had no date of birth listed (11 = 
2664); license was missing informa­
tion (including gender [,r = 386]): 
hcensec · s date of death or date of 
licensure occurred before he had 
reached 18 years of age (11 = 21 ); 
and/or licensee's death occurred out 
of scate.' 1 171e 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'k) unique individuals had com­
plete infonnation. From this total 
cohort. there were 33,658 applicators 
aged 20 years 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 ::ige at de::ith of 56.85 = 11.47 
years. The total number of person­
years for the entire cohort was 
279.397 from January I. 1975, to 
December 31. J 993. 

Of the 33,658 workers aged 20 
Years and older, there were 3503 
00%) women :ind 30,155 (90%) 
~en (Table I). Using lasl-name as­
i.tgnment as described above, only 
I 362 ( 4%) of the cohort were His­
panic. Infom1ation on race was only 
available for 7417 (22%) of the co­
?0n (predominantly the deaths and 
incident cancer cases): the majority 
or these individuals (97%) were 
White. 
. The mean age at first Iicensure 
•ssuc (::!: standard deviation) was 

TABLE 1 

Gender and Ucensure Distributions 

G 
Female Male Total 

__ rou! (n) 
Ent . - -- (n) (n) 

11'0 cohort - ----
Private 
Commercial 
Public 
Total 

Cancer incidence 
cases 

Private 
Commercial 
Plbjic 
Total 

All deaths 
Pnvate 
Comme,oaf 
Public 
Total 

2522 
596 
385 

3503 

94 
8 
5 

107 

86 
7 
5 

98 

20505 22873 
6936 7591 
2714 3194 

30155 33658 

966 1060 
120 128 
73 78 

1159 1266 

1527 1613 
165 172 
85 90 

1m 1875 

39.26 ::t 13.19 ye:irs, wi1h a range of 
18 to 89 ye:irs: the mean age at first 
licensure for lhe women was signif­
icantly younger than that for men 
(P < 0.000 I) (Table 2}. The mean 
number of ye:irs licensed was 6.93 ::!: 
4.27. with a range of I month to 
19.64 years: for the women. lhe 
mean number of years licensed was 
significantly Jess than that for the 
men (P < 0.0001 ). 

Of the different types of licensure. 
22,873 (68%) were Priv.ate licenses, 
7591 (23%) Commercial. and 3194 
(9%) Public. As shown in Table 2, 
those persons having a Priva1e li­
cense were significantly older at first 
licensure ( 4 t.43 = 13 .66 years) and 
al death (67.57 ::!: 12.52 years) (P < 
0.0001 ): this group was licensed. on 
average. significantly longer (7.52 :t 
4.38 years) than were the workers 
with Commercial and Public licenses 
(P < 0.000 I}. 

Toe SIR results for cancer inci-
dence for tht! m.ale. fem.ale. and _li­
Cl!nse subcategories, compared with 
th!! Florida population. are presented 
in Tables 3 and 6. Of no!e· there was 
only one cal>e of s~ft u~sue can~er 
(lntemacional Class1fica1t0n of Dis­
ease code 171.9). but rev1~w of the 

holo"Y reve.ah:d that 11 was not morp c-
. nla· thcn.:forc. there were no a san;o . 1 . 

f Sofl 11. ssue san:oma deal 1 in 
cases o ·· 
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this cohort. although 2. 71 cases were 
expected. 

Male Applicators 
There were 30.155 male subjects 

in the cohort 20 years of age or older 
with I 159 incident cancers. The total 
number of person-years for males 
was 252.486. The mean age at fir!lt 
licensure was 55.91 ::t I 0.81 years. 
the mean age at death wa..1; 57.96 !: 
l0.4 I years. and lhe mean number of 
ye.ars licensed was 9.12 ::t 3.94 for 
the male incident cases of cancer: 
lhcse were all significantly greater 
than the overall means for the rest of 
the cohort. The SIR results for cancer 
incidence for all male applicators. 
compared with the Florida popula­
tion, are presented in Table 3. 

The S(R for all malignancies was 
significantly decreased. compared 
with the general Florida population 
(SIR= 0.71: 95'k CI. 0.67-0.76). In 
general. most site-specific cancer in­
cidence rates were lower for the male 
pesticide applicators. compared with 
the rates for the Florida popul:ition. 
The incidence of cancers associated 
with tobacco exposure was signifi­
cantly decreased. such as that for 
respiratory tract (SIR = 0.77; 95% 
CI. 0.67-0.88) and lung (SlR = 
0.80: 95% CI. 0.70-0.9:?.l cancers. 
The exceptions to this were in­
creased cancer incidences for 1es1ic­
ular (SIR = 2.48: 95'k CI. l.57-
3.72). prostate (SIR :;:: 1.91: 95% Cl, 
I. 72-2.13 ). eye (SIR = I. 79; 95% 
Cl. 0.53-4.18). und bone <SlR = 
1.56: 95''/c- CI. 0.50-J.64) cancer!i: 
prostate and testicular t:ancer inci­
dences were significantly elevated. 
while there were only fivl! cases e::ich 
of eye and bone cancers. 

Female Applicators 
There were 3503 female subjects 

in the cohort with 107 female inci­
dent cancers. The total number of 
person-years for females was 26.911. 
The female applicators with c:ancer 
diagnosis were significantly younger 
(with a mean ag~ at first licensurc 
49.58 !: I:?.. 71 ). were significantly 
young~r at cancer death (mean age 
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1 · License a Cancer Incidence m 

A at Death by Gender, and License Type TABLE 2 1 Time licensed, and ge 
Mean (= Standard Deviation) Age at Licensure, Length O t Test 

Group 

Cohort 
Mean age at first hcensurc 
Mean number of years llcensed 
Mean age at death 

cancer incidence cases 
Mean age at f,rst hcensure 
Mean number of years licensed 
Mean age at death 

All deaths 
Mean age at first hcensure 
Mean number of years licensed 
Mean age at death 

Cohort 
Mean age at first hcensure 
Mean number of years licensed 
Mean age at death 

5-lA7 :: 9.3-ll. and had significantly 
less e:'<po!-ure (mean number of years 
licensc!d 7 .38 :: 3.31) than their male 
colleagues with cancer. The SIR re­
sults for cancer incidence for all 
female applicators compared 10 1he 
Florid:i population are presented in 
Table 3. 

The SIR for all malignancies was 
signilicamly decreased for female 
applicators 1SIR = 0.72: 95':i- CL 
0.59-0.87 l. In general. 1110,;t si1e­
specific cancer incidence rates were 
decreased for the female pesticide 
applic;itors. compared \\'ilh the rates 
for the Florida population. There 
were no cases of c;rnccr of the esoph­
agu ,. stomach. liver. larynx. bone. 
skin. or eye. nor were there any cases 
or Hodgkin's lymphomi.l. The inci­
dem:c of cancer, a<,soc1ah!d with to­
baL·co C.\pO'iurc wa, dcn..:ascd. ,uch 
as th.11 for rcspiri.ltory tract (SIR = 
0.56: 95c;;. Cf. O.Jl-0.<J]J and lung 
1SIR = 0.62; 95~; CJ. 0.35-1 .02) 
c,mccrs. TI)e incidi:m:c of female 
1?eni1al cancer-; was \i!m1lic;antlv Ill-- - . 
crea~ed. inL·luding 1h;1t for all genital 
(SIR :..: '.; .07: 95<;; CL l.."H-'.\ . 10> 
and ccr\'ical rSIR = 3.69: 9y,., Cl. 
I .8-l-6.61) c;tnCL'r,: brca-;t c;mccr in­
cidence wa, sig1111ican1ly decreased 
(SIR = 0.61: 95':r Cl. 0.-l0-0.90J. 
The thyroid cancer incidence was 

Female 

37.68:: 12.32 
5. 4 7 :: 3.04 

62.43 :: 15.45 

49.58 - 12. 71 
7.25 = 3.11 

54.47:: 9.34 

53.37 :: 13.26 
7.27 :-- 2.73 

62.43 - 15.45 

Private 

Male 

39.45 ".: 13 27 
7.09 = 4.36 

66 12 :: 13.52 

55.91 ~ 10.81 
894::368 

57.96 ~ 10.41 

56.55:: 12.35 
8.23:: 2.99 

66.12::. 1352 

Commercial/ 
Public 

---- - -

41 .42:: 13.65 
7.52 ~ 4.38 

67.55 :: 12.52 

35.91 :: 10.59 
5.68:: 3 74 

55.31 :: 12.59 

slightly elevated <SIR = 1.3.2: 95% 
Cl. 0.15-4. 77). but this was stati,;1i­
cally insignificant and based on very 
low numbers. 

Exposure 
The majority of the cohort (54%) 

had obtained their pes11cide licenses 
by 198-k with 39 ::!: 13.19 years as 
the mean age of first licensure: the 
mean number of years of licensure 
for the en lire cohort wa~ 6. 93 ::!: 4.27 
years. rang.mg from I month 10 19.64 
years. wi1h a to1al number of person­
years for the cohon of 320.250 from 
January I. 1975. lo December 31 
1993. ' 

The SIRs for overall cancer inci­
dence were consistently and signifi­
cantly less than that of 1hc Florida 
population (Table 4). However, a 
trend of decreasing cancer incidence 
from the earliest years of licensurc 
( 1975-1979: SIR = 0.76; 95% Cl 
0.7/-0 .82)_ to the most recen~ 
I 19)0-199-l. SIR == 0.34; 95'k Cl 
0 . .20-0.54) was observed d . , . · · . esp11c 
age adJu'ilmen1. Sirnil:1r results and 
trcn~, wcr~ ,;een by gender sub!!rou 
and tor IC\t1cular ancJ pro"tate - P 

• J cancer 
bu1 1101 tor cervical cancer. · 

However. for lhc overall . - . 1 cancer 
mc,c cncc by numbers of ·ca . 
ccn'icd · 4 • ) rs 11 · 

• m ·year groupings (Table 

-- - . -
Total __ ~ y_alue 

-------
3926 ~ 13.19 0.0001 
6.93 :: 4.27 0000, 

65.92 :: 13.65 002 

54 87 :: 11 .41 0.000, 
8.80 :-: 3.67 0.0001 

56.85 ::: 11.47 0 .05 

56 38 := 12.42 0.02 
8.18.::2.98 0.001 

65.92 :: 13.65 0.02 

t Test 
Total P Value 

----
39.26:: 13.19 0.0001 

6.93 :: 4.27 0.000, 
65 92 :: 13 .65 0.0001 

5). there was an inverse dose­
response relation!,hip in which the 
1rend i-; one of decreasing risk with 
increasing years of licensure. from 
the fewest years of licensure (0-4 
ye;m: SIR = 0.84: 95% Cl, 0.65-
1.06) 10 the ereatest 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 :i sug­
gestion of a 1rend of increasing risk 
wuh increasing number of years ex­
posed, especially in the calendar year 
subpopulation .. : prostate cancer had 
an uniformly elevated risk despite 
increasing years of exposure, al­
though. a!!ain for the earliest 1975-
1979 suhc-ohort. there i!. a suggestion 
of a po\itivc dose-response (latter 
not shown). 

Private (Farmers) 
Male Applicators 

Only m.ilc ,1pplicators were in­
cluded in these subpopulation analy· 
scs hccau.,e of the relatively sni~II 
numbers of female npplic.itors in 

h I. l - ·rhere eac ,censure subpopu at1on. 
1 were 20,505 Private (Fanner) n,a c 

.ipplicator, with 966 (76%) of rile 
entire cohort incident cancers. 1:11e 
SIR results for causes of cancer tn' 
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~~lE~3;--=-~~~---------------------------== 
Male and Female Applicators: Cancer 1 .d 

Cl )t nc, ence Standard· ed . 
(95% s ,z Incidence Ratios (SIAs) and 95% Confidence Intervals 

----- Males 
Females 

Observed-- - ------
Cancer Cause Florida SIR 

-----
Numbor Observed Florida SIR ---- ---- - - - -- -------- (95% Cl) All sites -------- Numbet' (95% Cf) 

1159 - - - - - · 
Buccai/pharynx 0.71 (0.67-0.76)" - ---- -·--

35 107 0.72 (0 .59-0.87)" 
Digestive '22.7 

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 
15 

0.84 (0.46-1 .41) 0 0.33 (0.00-3.11} 
Large intestine 

98 
0.53 (0.30-0.88)" 0 0.19 (0 00-1 .80) 

Rectum 52 
0.70 (0.57-0.85)" 10 0.78 (0 .37-1.44) 

Liver 18 
0.88 (0.66-1.15) 3 0.56 (0.11-1 .63) 

Pancreas 26 
1.13(0.67-1 .78) 0 0.34 (0.00-3 14) 

Respiratory 230 
0.85 (0.S6-1 .25) 1 0.36 (0.01-2.00) 

Larynx o.n to 67-0.88)" 15 0.56 (0 31-0.92)' 
12 0.47 (0.24-0 83)" 0 0.22 (0.00-2.06) Lung 216 0.80 (0 .70-0.92)" 15 0.62 (0.3~1 .02) Bone 5 1.56 (0.50-3.64) 0 1.53 (0.00-14.23) 

Skin 48 0 93 (0.69-1 .24) 5 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) 
Brain/central nervous system 24 1.09 (0.70-1.62) 2 0.92 (0.10-3.31) 
Thyroid 6 0.42 {0.15-0.92)" 2 1.32 (0 .15-4.77) 
All lymphopoiet1c 76 0.90 (0.71-1.13) 6 0.74 (0 .27-1 .60) 

Lymphosarcoma 32 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-S.47) 
Leukemia 25 0.93 (0.60-1 .37) 3 1. 17 (0.24-3 .42) 
Other lymphatic 11 0.78 (0.39-1.39) 1 0.77 (0 .01-4.30) 

Solt tissue sarcoma 0 0.41 (0.01-2 .26) 0 2.06 (0.01-19.19) 

Male and female cancers 
Prostate 353 1.91 (1. 72-2.13)" 0 

Testis 23 2.48 (1 .57-3.72)' 0 

Breast 2 0.52 (0.06-1.87) 26 0.61 (0.40-0.90)" 

All genital 0 23 2.07 (1.31-3.10)' 

CeNix 0 1, 3.69 (1.84-6.61)" 

Uterus 0 11 1.44 (0. 72-2.58) 

Other genital 0 3 0 90 (0.18-2.62) 

\ Statistically significant 95% Cl. _ . cases exist SIRs and Cls were calculated assuming n = O.S. 
1 All ratios are age- and calendar year-ad1usted, where no ' 

cidencc for all Private (Farmer) male 
:i.pplicators, compared with the entire 
Florida population, are listed in Ta­
ble 6. 

Cancer incidence for the Private 
rn:i.le applicators was significantly 
~ecrcascd. compared wilh the Flor­
ida population (SIR = 0.72: 95% Cl, 
0.67-0.77). The majority of site· 
specific cancer incidences were de­
cre.ised, compared with th~ Florida 
Population, including tobacco-re· 
l.itcd respiratory tract (SIR == 0.75 : 
95% Cl. 0 .65-0.87) and lung (SIR = 
0.78; 95% CI. 0.67-0.90) cancers. 
Tc~1icular (SIR = 2.37; 95% Cl. 
1.33-3 .9 I) and prostate cancer 

(SIR == 1.97: 95% Cl. 1.76-2.20) 
incidences were significantly ele­
vaied. Hodgkin's lymphoma (SIR = 
I .SO; 95% Cl. 0.65-2.96) arid eye 
(SIR == t.33: 95% Cl. 0.27-3.89) 
cancer incidences were somewhat el­
evaied but not significantly. 

commercial and Public 
Male Applicators 

llu:rc were 9650 Commcr~ial and 
Public male applicators wllh 193 

15
%) of the cohort incident l'_:mccrs. 

( h mb·,ncd malt: applicators, Of I ese co . 
Comml!rcial ,1pphca1ors 

6963 were . ,., 
d '1714 were Pubhc (_8%). 

(72%) an -

The SIR results far 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 applicawrs 
was significantly decreased. com­
pared with 1hc Florida population 
(SIR = 0.69: 95r1r Cl. 0.59-0.79). 
The majority of site-specific cancer 
incidences were decreased. com­
pared wi1h the Florida population. 
including tobacco-rl!latcd respiratory 
tract (SlR = 0.86; 95C/ci Cl. 0.62-
1.15) and lung (SIR = 0.91: 95% 
Cl. 0.65-1.24) cancers. Testicular 
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TABLE 4 . and 95% Cls, by 
All. Male. and Female Applicators: Cancer Incidence SIRs 
Calendar Year of First licensuref 

Licensure Year 
--- ----

Overall cancer incidence 
All app:1c.-:ito~ 

1975-1979 
1980-198-l 
1985-1989 
1990-1994 

All males 
1975-1979 
1980-1984 
1985-1989 
1990-1994 

All females 
1975-1979 
1980-1984 
1985-1989 
1990-1994 

Testicular cancer incidence 
All males 

1975-1979 
1980-1984 
1985-1989 
1990-1994 

Prostate cancer mc1dence 
All males 

1975-1979 
1980-1984 
1985-1989 
1990-1994 

Cervical cancer 
All females 

1975-1979 
1980-1984 
1985--1989 
1990-1994 

• Stat1st1cally s1gn1fIcant 95% Cl. 
' All ratios are age-ad1usted. 

!SIR = 2.72: 95<:'r Cl. 1.17-5.36) 
and prostate (anccr (SIR = 1.54; 
95~f CI. 1.09-2. DJ incidences v.crc 
sigmficamly elc\'ated Eye (SIR = 
3.74: 95<;r Cl. 0.42-13.511. bone 
(SIR = 2.67; 95<:~ Cl. 0.30-9.63). 
stomach !SIR= 1.33: 95<:r Cl. 0.48-
2.89J. and larg.t: ime~tinc !SIR = 
1.28: 95<;;. Cl. 0.84-1.88) can<:cr in­
cidence rates m.:rc clevah!<l but not 
significantly; there wen: only two 
cases each for eye and bone cancer-;. 

Discussion 
These licensed Florida pesticide 

applicators have significantly de-

Observed 

865 
259 
124 

18 

807 
232 
104 

16 

58 
27 
20 

2 

11 
8 
4 
0 

256 
65 
29 

3 

2 , 
8 
0 

Florida SIR 
(95% Cl) __ 
--· --·--

0 76 (0 71-0 82)" 
0.68 (0 60-077}' 
0.61 (0.50-0-72)" 
o.34 (o.20-o.54r 

0. 77 (0 71-0 82)' 
o .68 ,o.59-o m· 
0.58 (0.47-0 70)" 
0.33 (0.19-0.54)" 

0.73 (0.56-0.95)" 
0.69 (0.45-1.00) 
0.78 (0 48-1 21) 
0.46 (0.05-1.66) 

3.18 (1 58-5.69)" 
2 90 (1 .25-5 72)" 
1.73 (0.47-4.44) 

1. 98 (1.75-2. 24)" 
1 86 (1 44-2.38)' 
1.19 (1.20-2 .sn· 
o.n 10.14-2.on 

2.19 (0.25-7.91) 
1.06 (0 01-5.88) 
8.54 (3.68-16.82)" 

creased incidences of cancer, com­
par~d with th~ general Florida pop­
ulat1on, even m the subpopulationc; 
analyzed by gender and license 
type. Furthermore. as seen tn many 
othc_r . studies of agricultural and 
pes11c1cle-exposecl workers th· 

, IS CO-
hart has a decreased risk of . . . · · cancer 
from ct1olog1cs associated with the 
use of tobacco products and h 
nol., -~ -t..1 s.20.u.27 ct a-

Data Limitations 
. This study i-; one of the few 
Ice; Of C• . . Slud-anccr inc1clcnce a . 
to monality. in farmers ;nds opp_o~cd 

pest1c1dc 

.ipplicator.,. ~cvcrlhcless, t~ese anaJ­
vsc!- !,uffer lrom many of the data 
iimitations seen in previous epicleini­
olo!!ic ~tudies of pcslic1dc-exposed 

~ I -l-(1.IO -:?O [ d' 'd worker~. · n 1v1 ual and 
coho11-spccilic confounding factors 
(such :.1s smoking) and detailed pes­
ticick-exposurc inf orrnat1on were not 
obiaincd for this coho11. Additional 
limitat1ons include issues of the 
hcalthv worker effect. exposure mea­
sures. 'and loss to follow-up . 

The use of the 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: it is 
preferable to perform internal analy­
ses (as done in comparing the Private 
to the other licensure groups) or use 
an external occupational cohort 
group. :?H.)o-:i:i Of note, additional 
analyses (not presented) were per­
formed by the investigators compar­
ing the mo11ality experience of this 
coho11 to the monality experience of 
the National Cancer Instilute's 
pooled occupational data set known 
as CORPS (Computerized Occupa­
tional Referent Population System), 
excluding any cohom with known 
pesticide exposure. In standardized 
mo11ality ratio analyses, this Na­
tional Cancer lnstitute's worker datil 
set was very similar in its rno11ality 
expencncc to the general Floridn 
population. in part because of the 
fact that the CORPS subjects were 
all involved in cohort studies of 
workers exposed to possible carcin­
ogens. Thus these additional nnaly­
ses did not sulvc the bias of the 
healthy worker effect for this cohort. 

Th rela-e exposure measures are 
lively crude and nonspecific. based 
on the li<:cnsurc calendar year and 

Y •. . 1· 11 ·ts the cars o exposure. as we • · . 
I. ·t- anon 1censurc subgroup and ecru ,c. 
.. b 1 · • ~,1sure -~u category . There fore. tct= · r 
serves a~ a surrogate measure fo 
exposure; this assumes that the np· 
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;;;-;L~E ~5-~~~----------------
All Male, and Female Applicators· c • · ancer In ·c1e 
years of Licensure1 c, nee SIRs and 95% Cls by 

Years of Lie.ensure 
-- -- - -- --

---Overall cancer Incidenco 
All applicators 

0~4 
4 :s 8 
8 :-:; 12 
12 ::- 16 
16 s 20 

All males 
0:::4 
4 :s 8 
8 :s 12 
12 s 16 
16 ::s 20 

All females 
0:s4 
4:58 
B ::s 12 
12 s 16 
16 s 20 

Testicular cancer incidence 
All mates 

0 :s 4 
4 :s 8 
8 s 12 
12 :s 16 
16:s20 

•. Statistically significant 95% er. 

Obsel"led 
Nurnber Florida SIR 

- ---- -- (959/o Cl) 

69 
431 
552 
136 
69 

60 
373 
520 
131 
66 

9 
58 
32 
5 
3 

0 
12 
16 
8 
6 

.__ __ ----

0.84 (0.65-1 06) 
0.71 (0.65-0.781' 
0.77 (0.71-0.84)" 
0.72 (0.60-0.85)" 
0.42 (0.33-0.53)' 

0.83 (0.~1.07) 
0.70 (0 .~0.77}" 
0 79 (0.72-0.86)' 
0.73 (0 61-0.86)· 
0.41 (0.32-0.52)' 

0.91 (0.41-1.72) 
o.as (0.65-1.1 O) 
0.58 (0.39-0 82)' 
0.51 (0.16-1 19) 
0.71 (0.14-2.06) 

3.06 (1.12-6.66)' 
6 22 (2.68-12 26)' 

10.13 (2.73-25 .94)' 
7.16 (1.44-20.92)' 

1 All rahos are age- and calendar year-ad1usted. 

plic:uor uses the restricted chemicals 
throughoul the 4-year licensure pe­
riod: that in the case of older persons, 
the .ipplicator did not apply prior to 
lhe beginning of the licensure pro­
gram (ic. prior to the beginning of 
lhe cohort): and th.it the applicator is 
actually applying the restricted•use 
pesticide<; rather than acting in a 
~urely supervisory role. since each 
hcensell applicator may oversee up 
to 15 other individuals. Furthem1ore. 
licensure allows the acquisition and 
use of 0\'er 125 different rcs1ric1ed­
use pesticides: no individu.il pcsli· 
Cillc-cxposure data, beyond certain 
Certification catl!gories. Wc!re avail­
.i.ble. Another limitation is the lack of 
~nllividual or even group measures of 
imponanr confounding exposure 
v· . b ana ll!s. such as tobacco use or 
even nonoccupalional pesricid~ cx­
~osure. The lack of these data 15 an 
imponant limi1a1ion on the conclu-

sions 1ha1 can be drawn from these 
analyses. 

Date of birth information was not 
available for 2664 individuals in the 
cohort; this information was not col­
lec1ed by the stale nor was it found 
through the multiple data linkages 
perfonned. The majority o~ these 
individuals (>95%) were licensed 
prior 10 1980. withou~ ~ubsequen1 
license renewal: had m1mmal expo­
sure. since they did not renewal ~eir 
licenses: and are assumed 10 be ahve. 
since they were not located by mul• 
•pie data linkages. Ncvenheless. 

11 I . I these per~ns were u umatc Y ex-
I ded from the master da1abasc co-

t
e ur1 t,ecause date of binh informa-
lO . . I 
. , s essential for the s1ausuca uon 1. . . 

lyses ~rformed. If the maJonly 
:r~hcse persons are alive: this would 

d Se the paradoxical dose-ecrca . 
·e cff<..'<."IS seen m the SIR 

res pons · d 
th • number of years license 

when c 
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and the age at first licensure are 
evaluated: if of the majority these 
persons arc dead. then the paradoxi­
cal effects would be c!ven greater. 
Regardless. the loss of these persons 
from the cohor1 is an important lim­
itation 10 these analyses and conclu­
sions. 

O,•erall. this cohort is relatively 
young. with relati vcly little post­
liccnsure exposure (6.93 ~ ~.27 
mean years of exposure); therefore. 
much of the cancer experience of this 
cohort will occur in the future. Fur­
thermore, although the licensure svs­
tem started arbitrarily in 1975. sub­
stantial numbers of people in the 
cohor1 could have been e.,posed to 
pesticides prior to this licensure. ln 
addition. 1he lack of cancer incidence 
dara prior to 1980 may have lead 10 

an underestimate of cancer incidence 
for this cohor1 (a)thou!!h it also ef­
fectively introduces a 5-vear latencv 
period). Therefore. give~ the impre"­
cisc exposure measure. the loss of 
subjects from the early years of the 
cohort. the healthy worker effect (in­
cluding the selection of healthier 
workers· ovenime). and the possibil· 
ity of pesticide exposure prior to the 
beginning of the cohort study. the 
inconsistencies noted in the evalua• 
tion of dose response- especially 
for duration of exposurc!-can be 
understood. Of interest. subcohon 
analysis for 1975 to 1980 did show 
trends of im:reasmg risk with in­
creasing number of years· exposure 
for prostate and testicular cancer in­
cidences. 

Males 
With regards to cancer among 

mak applicators. the most consis­
tently elevated cancer incidence rates 
were those for testicular and prostate 
c.mcers. How1:\'er. in contras! to the 
lirerJturc, the incidence rares of these 
cancers were ekvaced in both liccn­
sure-typc subcohons (Private ,·s 
Commercial and Public). This sug­
gc!sls the possibility that previous 
monality :;tudies of pesticide-ex­
posed workers may have underesti­
mated the risks of these cancers since 
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Cancer Incidence in ic 

. SIRs ond 95% Cls 
TABLE 6 c er Incidence 1 ( . 

1 d Public Applicators: anc Commercial and Publ c Combined) Male Pnvate (Fanner) Versus Commerc1a an . . .. _ _ _ _ _ . ___ _ 

Cancer Cause 

All sites 
Buccal/pharyru: 
01gest1ve 

Esophagus 
Stomach 
Large mtestme 
Rectum 
LJver 
Pancreas 

Respiratory 
Urynx 
Lung 

Bone 
Skin 
Bladder 
Kidney 
Eye 
Brain/central nervous system 
Thyroid 
All Jymphop01et1c 

Lymphosarcoma 
Hodgkin'5 
Leukemia 
Other lymphatic 

Soft tissue sarcoma 

Male car.cars only 
Prostate 
Testis 
Breast 

Observed 
Number 

966 
26 

181 
11 
9 

72 
48 
16 
22 

187 
10 

175 
3 

37 
53 
22 
3 

20 
4 

65 
26 
8 

22 
9 
0 

316 
15 

2 

Pnvate _ _ . _ Observed Florida SIR 

Florida SIR Number (95% Cl) 
(95%_CI) . ______ 

193 
---0.69 {0.59~0.7sr-

-

0

072(067-0.77}' 9 0,88(0.40-1 .681 
0.61 (Q.40-0.90)' 46 1 .00 (0. 73-1 .33) 
O 72 (0 62-0 83)" 3 1.04 (0.21-3.05) 
0.80 (0 40-1.43) 6 1.33 (0 .48-2 .89) 
038(017-073)" 26 1.28(0.84-1 .88) 
060(0.47-0.76r 4 0.41(011-1 .06) 
0.97(0.72-1.29) 2 0 .75 (0.08-2.72) 
1.20 (0.69-1.95) 4 0 86 (0 .23-2.21) 
O 85 (0. 53-1 .29) 43 0.86 (0 . 62-1 . 15) 
0.75 (0.65-0.87). 2 0.44 (0.05-1.57) 
0 4S (023-0 89)" 41 0.91 (0 .65-1 .24) 
0.18 (0.61-o.90r 2 2.61 {0.30-9.63) 
1.22(0.25-357) 11 0 .87(0.43-1 .56) 
0.95 (0 67-1 31 ) 6 0.69 (0 .25-1 .50) 
10110.7s-1.32) 4 0.64(0.17-1 .64) 
0.76(0.47- 1·15

> 2 3.74 (0 .42-13.51) 
1 33 (0,27-3,S9) 4 0.82 (0.22-2.09) 
1.17(0.

71
-

1
-
80

> 2 053(006-1 .90) 
0.39 (0.10-0.99)" ' . 
0.95 (0.74-1.22) 11 0.68 (0 34-1 .22) 
0.91(059-1 33) 6 0.88 (0 .32-1 .91) 
1.50 (0.65-2.96) 0 0.50 (0 .00-2.35) 
1.00 (0.62-1.51) 3 0.63 (0.13-1 .83) 
0.75 (0 34-1 43) 2 0.89 (0.10-3.22) 
0.50 (0.02-7.50) 0 1.87 (0.02-10.39) 

1.97 (1 .76-2.2()1" 
2.37 (1 .33-3.91)" 
0.70 (0.00-2.15) 

37 
8 

1.54 (1 .09-2.13)" 
2.72 (1 .17-5.36)" 

·, Stat,sllcally s,gmt1cant 95% Cl. _ 
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 incidcm:e r:itcs than 
monahtv rates. h.:cau,c of excellent 
trealmc~t a\'ailahle for the former 
and the generul indolence of the lat­
ter."·: I IIJ , ,-l- .\h 

A'. mcn1ioned earlier. an elevated 
prostate cancer ri-,k is a con,is1cm 
linding in mmt prc\'I0U~ studies of 
formers . Given form~r•,: high <>CCU­
pational ultraviolet radia1ion expo­
sure. this finding is at odds with 
c:urrent theories concerning the pos­
s.ible protective cffcl:IS of ,·11amin D 
cxpo,urc. ' 7 One pov,1blc cxplana• 
1ion i-; th:11 these rd;11i,dy healthy 
working populallons an.· mon: llkdy 
to get pros1a11.: c:incN simply bccaw,c 
thcv <lo not die of other rnm~ting 
ca~scs of mor1;il1ty so common in the 
gencr;il population. given the ex-
1.remcly high prevalence of prosta1e 

cancer m elderly men. Organochlo­
rinc pesticides as possible estrogen 
analogs and their possible relation to 
worldwide increases in testicul.ir 
cancer and prostate cancer are also of 
intere~t. Male alligators in Florida 
with heavy organochlorine e:itposure 
were found lo be reproductively in­
compe1cn1. while recent rcpon.<1 have 
rnised the question of an overall 
worldwide s1gnilican1 decrease in 
human spcmt counts and increases in 
cryplorchidism. which are possibly 
rdatcd to nPSticidc use• ' 11 ·_..l M r - - ore 
r~ccntly. some of the organochlo-
rmes h:ive ~en sho\"n in animal 
m~ds lo he ant1-androgen:._,.., 

Eye and bone cancers were also 
ekvat~d among the male applicat . 
h II ors, 

t c sma number of cases mak 
delinitivc interpretation difli It els 
h h . . cu , a. 

l oug s1m1lar eleva1ions ha h . ve een 

seen in other studies. Compared with 
other studies. the risks of leukemia 
and brain cancer were not elevated in 
h. · , <, 11 J-1 ,.Jl-~ t 1s mc1dence study. · .. 

There were no conlinned cases of 
soft 11ssuc sarcom:.i in this cohort of 
pesticide applic;itors. allhough over 
two cases were expected. and the 
incidence of non-Hodgkin's I yin-

. n" of phoma was not increased m a J 

lhe subpopulutions examined. !hese 
findings art! at odd~ with previously 
published I iterature associating the 
use of the phcnoxy herbicides :imong 
farmers and pesticide applicators 
with an incrc;,iscd risk of non· 
Hodgkin ' s lymphoma and soft tissue 
sarcoma."~--lK 

Females 
r 10~ The number of female app ,ca the 

was relatively small. as were 
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numbers of incident cases of cancer 
in tl11'• suhpopulation. They were also 
signilicantly younger and had signif­
ic:mtly decreased exposure times, 
, 0111 par~d with their male counter­
parts. Thl! f emalc applicators are def­
ioitd)' healthier than the compari~on 
Florida population . Nevenheless, al­
though compari,;ons cannot he made 
across SIRs. as described above. the 
female applicators. on the whole, 
appear to be healthier than the male 
applicators: this may be due to their 
<lccreasl!d exposure time, as well as 
the unstuble risk measurements that 
occurred because of the small num­
ber off em ale applicators. Breast can­
cer incidence was not elevated in any 
of the subpopulations. despite the 
presence of multiple organochlorine 
pesticides on the Restricted Pesticide 
List. Only a few studies of occupa­
tional exposure to organochlorines in 
women exist with which current hy­
pothesl:!s concerning the possible eti­
ologic relationship between exposure 
to organochlorines (as estrogen ana­
logs) and the increased risk of breast 
cancer can be tested. Furthem1ore. 
all studies to date have been in non­
occupational groups . ..i9.~0 

Cervical cancer incidence was sig­
nificantly increased in all women 
and in both subpopulations. The fact 
that cervical cancer was increased in 
the cancer incidence but not in prior 
monality studies is consistent with 
the availJbiltty of excellent screen­
ing and treatment techniques that 
now exisc. A significantly increased 
risk of cervical cancer with incr~ased 
number of years of exposure was 
seen. Very little has been publish~d 
on fem;ile pesticide applicators 1_n 
general: therefore. although this 
Study involved a small subpopula­
tion. these findings are of interest 

and de~ervc to - be studied fur­
ther. I :!.,-.:15 

Private (Farmers) Versus 
Commercial and 
Public Applicators 

W. ·. Tl of . llh regards to the compariso 
hcensure category. both licensurc 

subcategorie. h . . . s ave a significantly el-
evated nsk r 
. . · . or prostate and testicular 

~ance~ mc1dencc in this study but not 
m prior rnort t·t · ca a I Y ,tud1cs. Prostate 
. ncer has been found 10 be elevated 
m fa · 
Wik rmer~ 111 multiple studies. while 

l_un~ ct al reported the elevation 
for incident testicular cancer in 
Swedish pesticide applicator,; and 
0ther groups reported limired ele­
vated monality among various 
worker group~ ~1..'.s.si-~t. M f . . ·' · any o 
the pcst1c1de applicator ~tudie!. have 
been cancer monality studies. rather 
than c.incer incidence studies. This is 
important since testicular and pros­
tate cancers have much higher inci­
dence rates th.in mortality rates. This 
does not explain why the subpopula­
tions would have different mortality 
rates but similar incidence rates. un­
less ( I) the cancers .ire more aggres­
sive in the licensure subcategories. 
{2) there are acccss-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 subc.itegories. 

Finally, as opposed to the in­
creased risk for lung cancer seen 
among several cohons of pe5ticide 
applicators (including a separnte co­
hort of structural fumigators and 
household pesticide applicators in 
Florida). tung cancer incidence was 
nonsi!!nificantly decreased among 
the C~mmercial and Public pesticide 

5, <i7-S•J 
applicators. -·· . . . 

As wich many of the e:ustmg studies 
on occupational pesticide e:q>osure. 
chis cohon of Florida pesticide appli­
cators dc.-.erves funher research. Com-

letin!! the follow-up process for the 
~% of the cohon that is currcntl_y lost 
to follow-up would be wonhwh1le. as 

Id ,..,t,•n<lin!! me num~r of year.; wou ... , .. - . . he 
of follow-up for the t!ntm: ~oho_rt I~ t_ 

future. In p;U1icular. ~ecailed md~v1d~ 
. ,.. infonnauon for pe~uude5 ual exposu, .. 
"ounders should be sought. and con,, · . . 

d
. . . 1 studie~ of the 15 or fcwc:r Ad 1uona - . . .d .. 1 

1., supervised by an md1v1 u.11 
wor,.c:r.. · . , -• . 
. . ·d pesticide applicator an: illso 
hcc!nsi: · · · , 'd · J · 

d .,1 ,ince lhe~ md1, i ll,l 5 
reco1nmen i:;u <l h , more lue.hly expose t an may be e, en . -

_,.a ·ufJl!l"\'J!,OT. the licen~"U ~ · 
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