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A Cohort Study on Cancer Incidence Among
Danish-Gardeners

Eva Staitrup Hansen, mo, enp, Henrik Hasls, 4D, and F‘Iemming Lander, MD

This study was pstfommicd 1o examine the concer risk of Donish gardeners huving besn
highly exposed to pesticides, We have fullewsd a cohor of 4.015 empimed sardacers
(859 females and 3,156 mates) fron May 1975 umi) iz end of 1984 with regard to
2ancer intidence. Tne obsernved incigence was ¢ompared wiih cxpected numbers calen-
lated from nalional incidence rates. For all cancer sites cambined, (he stundardized
morbidity catio tSMBR) s 104, Amwny male gurdeners a significomly increpsad
inctdence was seen for soft tissue sarcame (SMER = 326, 93% woafidznce intenal (Cly;
1091, 538),-and chronie viphatic ievkemia (SMbR = 273, 85% CL 10:=308), Tne
incidence of nun-Hodgkin's lymphoma was twice that whish was expected (SMok =
200, 95% Cl: 86-3493). We suggest that some of the pesticidas w which the gardener:
have been exposed are capable of initiating Or promoting the development af matignant
neaplaams in Tissues of mesenchymal arigin, £ 109 Wik, i, Iaz

Rey words: Yvmphatic leukemia. non-Hodgkin'2 lymahdma, occupatignal eancer. petticides. soft

tisspe sareoma, agriculural oxposures, zardeners .

INTROQDUCTION

Garderers are cxposed to many dirferent subsiances including insectizides.
nerbicides, fungicides. disinfactams. growth regulating substances, and feimilizers.
The Internationa! Agency for Research on Caneer (JARC) has reviewed the evidence

for the carcinogenicity of several of these agents and has coneluded that the folle ving -

pesticides may be carcinogenic to humans 1]1ARC-group B): amitrole, chiordecone.
chiorophenoxy  acetic compounds, 1.1.1-trichlore-2,3-bis(p-chiorophenyilzthane
(DDT), 1.2-dibroma-3-chloropropans (DBCPI. hexachlorebenzens, hexachlorocye
fohexane (including lindane), mirex. roxaphens. and 2,3,7.8.uichloro-ditenzodionin
(TCDD) {Intzmational Apsncy for Reszarch on Caneer, 197+, 1976, 1977, 1979,
1983, 1984, 1987). In addition. the ¢ancer risk associated with éxposurs to arsenical-
contzining pasticides is well documemed [Iniernationsl Agency for Research on
Cancer, 1980).
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Quly a few epidemiological studies have focused on gardencrs' health, A study
from the United Kingdom reponted an increased risk of soft tissue sarcoma among
martkel gardeners [Balarajan and Acheson, 1984]. A Swedish reglstry study on per-
sons working in boricultwre found ne incfease in either soft Gssus sarcoma or ma-
lignant Jymphoma [Wiklund and Holm, 1986; Wiklund et al., 1988a), wheress &
case-control study on soft tissue sarcoma in the southeast of Sweden revealed 2
fourfold increase among garderars [Wingren et al., 1990].

Other occupational groups which may be exposad 1o pestisides include forestry
workers, flour industty workers, farmers, pasticide applicators, and workers cm-
played in pesticide manufacturing plapts. Several studies on these groups or of
persons Biving in pasticide contaminated communities have indicated an increassd risk
of lung cancer [Ott et al., 1974; Barthel, 1976, Barthel, 1981; Lynge, 1985], ma-
Jignant neoplasms of tymphatic and hematopoietic tissue [Hardell et al., 1981; Bur-
meister et al., 1982, 1983; Cantor, 1982; Pearce et al., 1985, 1086a,b, 1987; Schu-
macher, 1985; Hoar et al,, 1986; Woods &t al., 1987; Dubrow et al., 1988; Flodin &t
al., 1588; Mclaughlin ¢t al., 1988; Cormao et al., 1989; Godon ¢t al., 1989; La
Veechia et al., 1989, Persson et al., 1589; Alavanija &t al., 1990; Weisenburger, 1990;
Wigle et al., 1290; Zshm et al., 1990; Cogzon et al., 1991; Vineis et al., 1991). and
soft tssue sarcomas [Hardell and Sandstrdm, 1979; Eriksson et al., 1981, 1990;
Lybge, 1685; Vineis et al., 1986; Zahm et al., 1988; Fingerhut et al., 1691),

This study was set up la investigate further the possible reladonship benween
pecupational exposurs to pesticides and the risk of malignant neoplasms, primarily
those of masenchymal origin. The swdy consider=d cancer jncidence among em- 1
ployed gardeners throughout a 10-year period, ]

. e e s

PERSONS AND METHOODS

A historical cohon of emplayed gardeners was followed from May 1. 1975
through January 1, 1988, with regard to cancer incidence. The observed incidence
was compated with that which would have been expected hag the sex-, age-. and

period-specific cancer incidsbce rates of the total Danish population applied to the
study cohort.

The Study Cahont

Lo The cohort was defined to include every psrson who, on May 1, 1975, was 2

member of one of the ten local trade unlons of gardeners, associated with the Danish
Union of Genaral Workers. The members of the study cohon were identified by using
an old version of the membership file, which by coincidence had been kept on a
S magnetic tape, cortaining the members’ ¢ivil registration number and the code of the
M local trade union to which the person in question was alfiliated. The cohort comprised
4,015 persons, of whom 839 were women and 3,156 men.

{ Follow-Up Procedures

The study ¢ohor was followed until Januvary 1, 1985, with regard to vitzl status

- and emigration., The follaw-up was performed by our sszrching for the individual
civil registration number of each of the cohiert members in the Danich Centrs] Pop-
ulavion Register: this pracedure enabled us 1o tace everybody. Fach paeson accumu-
Jated perton-years at risk from May 1, 1975, urdl the date of death, the dute of
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Cancer Among Danish Gardeners €5

TADLE L. Number of Person-Yrars aI Risk in the
Danisy Cardener Cohort, 1972 Through 1984

fu_gi_ (vears) Malsx Fethalzs Tebsd
15-29 4,743 1,315 6.058
30-44 w069 2,484 11,58
45,54 4.580 1,9R0 T 6,560
4564 6,469 1,806 £.275
65-74 4,288 431 419
75=79 30 10 219
80-B4 8 l : 9
1584 4,368 8,023 37,393

emigration, or January 1, 1985, whichever occunted first, The study coverzd a 1otal
of 37,393 parsnn-years at risk (Table D.

Information on the cancer incidence ju the eohont was obrained from the Danish
Cancer Registry, which is a nationwide register that has been in operation since 1943
[Clemmesen, 1574], For asch membar of the study cobort, the individual civil reg-
istration nuraber was ssarched for in the files of the Danish Cancer Registry covering
the period from the stdy start on May 1, 1975 until the most recent bpdating of the
registry, January 1, 1985,

Following the identification of cancer cases, we atempted to get additional
exposure data for those study persons who had developad soft tissue sarcoma of
malignant peoplasms of the blood- and iymph-forming tissues. For most of these
persons, the local unions were abls to provide data on work area and/or duration of
union membership.

Data-Analysis

The sile-specific cancer ingidence observed in the study cohort was compared
with the expected intidence based on the nations! incidence rateq, speeific for § year
age groups, sex, and pariods. To allow for an induction/latency time of 10-15 years,
we curtailed the analyses to cover only persons aped 30 years or more, as aifos: all
gardeners start in the made when they are young (personal communlcatior., head of
the gardeners’ section of the Danish Union of Geaeral Workers), Albeit a crude
substitute, analysts by age was the only alternative 1o ignoring induction/la_lency timme,
We also distegarded the data for the oidest age group (ie., 80-84 yewrs of 2ge)
because of the extremely small number (nine) of person-years at risk in this group.

The statistical evaluation was based on the assumption that the observad number
follows & Peisson-distribution, Confidence intervals (CI) for the estimated st2ndard-
ized morbidity ratio (SMbR) were based on exaet Poisson-limits [Bailar and Ederer,
165%; Ciba-Geigy. 1975).

Exposure

Emploved Danish gardeners constitute three fairly separate groups according to
work area, namcly workers in 1) greenhouses, 2) nursery pardens, and 3) public
parks, gardens, and cemeieries, In peneral, the gardeners display a low job-wurnovar
and a pronounced stability of employment.

According to information obrainad from the head of the gardeness' saction of
th2 Danish Union of General Workers, zlmost all of the female members an¢ 10-20%
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of the male mcmbers were greznhouse workers at the time the cohort was gsieblithed
Reportedly. the major part of the rest of the pardeners—almost exclusively males—
were working in public parks, gurdens, and cemcteries. Only a few pereent were
working in nursery gardens. Botk the greenhouse workers and the outdoor gardeners
bave been regularly exposed to a mixture of pesticides during their active work life,
Tha union peopls estimate that about une-third of the gardeners, almost exclusively
males, have been directly exposed by spraying pasticides, whereas the remainder of
the group have been indirectly expossd, primarily by skin contact when handiing
newly spraved plants er growing medinm mized with pesticides, and by inhzlation
when working in newly sprayed areas (personal communication, head of the garden-
ars® section of the Danish Union of General Workers).

Workess in greenhouscs have primarily been exposed to fungicides and insec-
ticides, including the various chlozinated compounds (e.g., DDT. chlordane, and
tindane), organophosphorons compounds. and nicotine. Gardeners holding ourdoor
jobs have primadly been exposed 10 herbicides, including the phenoxy acetic acids
(e.g., 24D, 24.5-T, and MCPA) and amitrolc. This exposure has taken place
repularly throughout the growing szzson, i.e., from April throuph October. In addi-
tion, the owdoor jobs have involved some cxposure to insecticides and fungicides, It
is worth noting that DDT had been cxiensively used in Denmark until the late 1970s.
On the ather hand, ttlg‘ggs;anUng._gicides have never beea uced on g targe scale in
Denmark. '

In this cohont study, dsta on individual job histories have not been ohuained
except for a subset of the cancer cases (see sbove), Howevar, in the main, gender may
bea taken as a rough substiunte of tvpe of exposure. with a predominance of indireot
exposure to insecticides among {emele gardeners, and of direct or indirect exposure
1o herbicides among male gardeners.

RESULTS

A total of 219 cancer cases was observad in the study cohort, Of these. 217
cases occurred among persons aged 30 ta 79 years, The SMbRs for the mzin groups
of diagnoses are shown in Table H. Nane of these ratios differed significantly from
upity. Separate analyses for malignancies of mesenchymal origin showed a signifi-
cantly increased insidznce of soft tissue sarcoma and chronic lymphatic laukamia
among males, and a non-Significant increase of non-Hodgkin's lymphornas in both
males and females {Tabies 1. V). For those study subjects who developed soft tissuz
sarcoma, non-Hodgkin's lymphoma. or chronic lymphatic Jeukemia, the available
exposure data are shown in Table V.

DISCUSSION

The results of this 10-year follow-up of employed gardeners seem to indicate
that, on the whole, the cancer incidence among gardeners does not differ much fram
that of the total population. However, sigaificant inereases were recorded for soft
tissuc sarcoma and lymphatic leukemia along with 2 non-significant increase of
non-Hodgkin's lymphoma.

As regards the patential bizs in this study, the cohort of gardenem represents a
healthy subset of the toral Danish population, 28 the swdy. persons weee all HEEUPI-
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TABLE Il. Cancer Inndcnee Amanj Danish Garttmers Aged 30 to 79 Years*

Male* Fratti» Total
Obil SMbR oV SMbR Otrt. SVbR

Carve/ site* cap (95SfcU) exp <95*CT) «P (9550)
Total (140-205) 1*4/172 05 107 (y:-i24j 33/3566 93 ((4-130) 217/207.71 10J(91-120)
Eureal cavity ana

ph&nvr.k (140-148; 6/5 M 114 (42-247) G040  0(0-9221 6S.6S  106(39-230)
Dimeni *e and

ptrifoo”utn

(150-159) 42/40.78 103 (74-139) 7/5.72 122 (49-252) 49/46.50 105 (78-139)
Rtspiri'-ory syycm

(160-165) 41/42.58 % (69-131) 2/282 71 (9-256) 43/4S40 94 (69-128)
B.-cLit (J70) GO 29 0(0-1272) 109 33 107 (51-211) 107962 10- (50-205)
Frittale gcfiiul

organs (171—476) _ = - 7/7.75  90(36-186) 77.75 90 (36-166)
Male

OfgatK (177-179) 2QU7.I8 115 (70-178) — — 20/17.38 b (70-178)

nso-isn 18/20.67 \P (52-158) 2/154 130 (16—469) 2073.21  93(55-139)
St?n (190 191) 31/24T7 127 (86-181) 1445 22 (1-125) 32/2882 111 (76-1S?)
Other specified

sites (192-197) 6/6.43 93 (54-203) 17148 68 (2-376) 7791 83 (26-182)
Unspecified siiti

(198-199) 5411 122 (40-2W) u.71  14) (4-785) 64.82 124 (46-271)
L>mpfmJc and

heouiopoictic

tissue (20C-20S) 15/1045 )44 (SO-237) Id 46 137 (17-495) 17/11.91 143 (83-229)

"Obscr-cd ne. (OW. txpccted nrv (rvp), si*dordized mortndity ratio (SMbR). and 95** cot>riccnee
interval (957* CI) for the SVfhR.

"Tne code of the International Ciass'mcation of Discos« (1CD), 7th revision, in parcnihe”i.

TABLE lll. Incidence of Soil Tissue Sarcoma Among
Danish Gardenm™ ft

obs M SMbR (952¢ CI)
Males 526 (109-1.538)
hemak!» 0 0 (0-4,099)
Total 3 455 (94-1.324)

‘Cic—ed no. (Ofc). Standardized Morbidity rado (SVBOR),
and 95" confidence micAi! (95" Cl) for the $V(bR
Mode No. 197 in the ICD. 7tn revision.

tionally active a: the time of enrollment into the study. The cohort constitutes—also
with respect to urbanization—a non-representative sample of the total Danish popu-
lation as only a few city-dwellers are included. Generally, the cancer incidence rates
arc higher in cities than the national average. Tnis difference is most pronounced for
tobacco-related neoplasms [Clcmmessn. 1974; Danish Cancer Registry. 1987.]. Ac-
cording to the unpublished revolts of Lander, gardeners generally smoke less than the
average population. Tnis feature would create a negative confounding as far as
tobacco-rclated cancers are concerned. As regards the diagnoses that were seen in
excess among the gardeners, i.e., soft tissue sarcoma, ehronic lymphatic leukemia,
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TABLE IV, Incidence of Malipnant Keoplasns of Lymphatic and Hamatopcietic Tissue Among
y Danish Gartleners?

Males Females Total
Diagnocil; Ohs SMbR {95% CH Obs SMBR (95 CI) Obs SMbR (85% CI)
Towar 13 144 (80-237, 2 137 (17-455) 17 M3 (£3.220)
Non-Hodgkin's l
Tympboma® 6 173 (63-376) 2 363 (44-1314) & 200 (86-3%3) 1
Ciyonte lympharic !
leukemia® 6 278 (101-599 0 0 (0-1.677) 6 51 {92-526) ;
Omher keukemins® 3 146 (30-419; O 0  (0-1,118) 3 123 (25-361) ‘
“Observed no. (O3}, standardized morbidity ratio (SMBR), and 95% confidenoe intervat (95% CI) for ;.
the SMLR. : !
YCD, Tth revision, ags. 200-205. i
YICD, 7th revision, nos. 200, 202, ahd 205, i
SCD, 7:h revision, ne. 204.0. Nadonal incidenze rates for chronie Iymphavic Icukemia have not besn l
available, but have been estimatad from the Incidence rutes for all leukemias and U properion of ehranie :
lymphatic leukemiz amoap the incident cases of leakemiz, 1573 through 1977, sietified by age and sax. .
“ICD, 7th cevision, pos. 204,1-204.4, |
TABLE V. Daration of Evpasure Prior to Diagnosis for Those '
Gardeners Who Developed Soft Tissue Sarcoma (ST5),
] Nos-Hodgkin's Lymplioma (NBL), or Chronfc Lymphatie
Leukemia (CLL) . n
Dusation of .
Diagnosis Age lycamy) £XpOiure i
acon)” at diagnosis Sex (years)
STS (197) Al Male 9
STS (197) 60 Mate 13
STS (157 L) Male 42
NHL (200) 38 Female 5
NHL (200) 73 Female 10
NHL Q00) 7l Male 10
NHL (200) pS Male 17
NHL1. {200) 84 Male 28
NHL (200} 65 Male as
NHL (200} ) Male 45
NHL (205) 70 Male Upknown
CLL, (204.0) 26 Male 32 :
11 (206.0) 69 Male 38 !
CLL (204.0) 66 Male 44 '
¢ CLL (2040} 59 Male Unknown i
CLL (204.0) 68 Male Unknown
. CLL (204.0) - 68 ' Male Unknown

*The code of the ICD, 7th rzvision, in parzntheses,

and non-Hodgkin's lymphoma, the national incidence vaies have not displayed any
regional rends within the peried studied {Danish Cancer Registry, 1982}, and there
is no reason to suspect that the observed increase among the gardeners has been due
10 confourding by urbanization. As regards the quality of diagnosis, this has pot
differed between the two groups compared, becanse sceess (o medical can: was free
and equs) troughout the period stedied, All in all, the estimated SMbR for soft tissue
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sarcoma, chronie lympharic leukemia. and pon-Hodgkin's lymphoma seem ta be
reasonahly free from bias. On the other hand, the SMbR-cstimates for tobacco-related
cxncers are ceqtainly biased in a ncgative direction,

T_]::_c diagnostic_catesory soft gissue sarcoma (International Classification of

. Diseases  7ih révision (ICD-7), code number 197) includss all extraskeleta) sarcomas

excluding lympho- and reticulosarcomas. Bowever, some of the cases of ot tissve
sarcoma may have been coded sgrording Lo their topographic iocalization rather than
according to their histology. The extent of this type of misclassification has been the
topic of & validation study performed by the Danish Cancer Registry, This examinas
tion revealed thal, during the years 1978 through 1982, the registered mcidence of
extraskeleta) sarcomas ¢xeluding lympho- and reficulosarcomias had been 3.4 times
the ragistered incidence of ICD-7 code No. 197 [Lynge et al., 1987], Nevertheless,
the natjonal incidence rates for soft tissu¢ sarcoma are based on the cases piven code
No. 197, and the comparison of observed and expected numbets (Table IH) hava
be restricted 1o the cases given this code, For compleleness, however, we checked the
list of gardencr cancer cases for extraskeletal sarcomas. For this purpose, we made
use of a spacial sarcoma code, which the Danish Cancer Registry has employed since
it started registration procedures in 1942 [Clemmesen. 1965]. By this proccdure, we
found no additional cases of soft tissue sarcoma among the gardenets,

We found a fivefold increased incidence of soft tissue sarcoma among Danish
gardeners. This observation is consistent with the findings in several studies of
occupational groups exposed to herbicides [Hardell and Sandstiom, 1979; Erikéson &t
al.. 1981, 1990; Lynge., 1985; Vineis et al., 1986; Zahm et al.. 1988; Wingreen et al.,
1950; Fingerhut et 21, 1991]. Other studies have failed to demonstrate an association
with herbicide exposure [Hoar et al., 1986; Wiklund and Holm, 1986; Wiklund et al.,
1988b; Green, 1991: Vineis &t al., 1991}, This inconsistercy may reflect method-
ological differences affecting study sensitivity or differcnces between the popiations
studied as to the typd and the level of occupational exposure.

Our observation of an increased incidence of chronic lymphatic levkemia and of
non-Hodgkin's Iymphoma is in agrecment with the results of several other srugies.
which have pointed to chlorinated pesticides such as the phenoxy acctic comipounds
and DDT as being pessible risk facrors for lymphopoietic neoplasms [Hardelj ef al.,
198}; Hoar st sl , 1986; Pearce et al., 1986a,b; Woods ¢t al., 1987; Flodin et al.,
198%; Parsson et al., 1989; Alavanja et al., 1990; Weisenburger, 1990; Wigle et al..
1990: Zahm et al., 1990; Coggon et al., 1991; Vineis et al., 1991]. In this context,
it seems worth mentioning the evidence for a cytological relationship between chronic
lymphatic lewkemia and the various typss of nop- dpkin's lvmphoma a¢ e ma.
jority of cases in both diagnostic calegories are of Bcell origin [DeVita et al,, 1989)..
ThefartthatTiost TH3es of chronic lympi‘xaﬁc Jeukemia and of non-Hodgkin's tym-

Yoma rcpresent meniestations of A melisnent transformation~in_a_B-lymphocyte
gﬁganiﬁr cell conld imply & eommon eriology for the disgases in question. b

CONCLUSIONS

Our finding of 2n Incieased incidence of soft tissue sarcoma and lymphatic
rcoplasms in the pesticide exposed cohon agreed with our expectations based on the
ecicnufic literature relating to this sopic. Our results indicate that some pesticides may
be capable of initiating or promating the development of malignznt neoplasms erig-
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inaling in mesenchyta) tissues, It is tempting to suggest that some of the carcino-
genic subsisnces such as amitrole or the halogenated comnpounds have playcd 8 pan.
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