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Farming and malignant lymphoma in Hancock
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ABSTRACT Raised death rates have been reported for non-Hodgkin's lymphoma (NHL) and Hodg-
kin's disease (HD) among white male residents of Hancock County, Ohio, United States, for
1960-79. As a surveillance activity, to assess the possibility of workplace exposures contributing to
these raised rates, a case-control study was conducted using death certificate records of white male
Hancock County residents for 1958-83. There were 61 cases of NHL, 15 cases of HD, and 304
control subjects (chosen as a stratified random sample) in the study. Cases and controls were
compared with respect to their usual occupation and industry statements on the death certificates,
adjusting for age at death and year of death. Summary odds ratios (OR) and test-based 95%
confidence intervals (CI) were calculated. NHL was associated with the occupation of farmer
(OR = 1 6; CI = 0-8, 3-4; observed number of exposed cases (Obs) = 15). The association was
restricted to 1958-73 (OR = 2-1; CI = 0 9, 4-8; Obs = 13). The three cases of HD among farmers
occurred in a cluster in the 15-64 age range during 1958-63 (OR = 21 2). The results for
occupations and industries other than farming were based on small numbers and were
unremarkable. This small study adds to the growing body of reports linking farming and malignant
lymphoma, particularly NHL.

The death rate for non-Hodgkin's lymphoma (NHL)
among white male residents of Hancock County,
Ohio, United States, showed a statistically significant
rise during 1960-79' (table 1). Among the 377 US
counties with 20 or more deaths from NHL in white
men during 1960-9, Hancock County ranked seventh
in death rate. During 1970-9, Hancock County
ranked sixth among 469 such counties.

In addition, mortality from Hodkin's disease (HD)
among white male residents of Hancock County
showed a smaller, non-significant rise during
1960-79' (table 1).
The malignant lymphoma mortality experience of

white women in Hancock County during 1960-79 was
unremarkable. The non-white population of Hancock
County is small and there were no deaths from malig-
nant lymphoma among non-whites during this
period.
The restriction of excess mortality from NHL and

HD to men suggests that these excesses may have
been due to a workplace exposure(s) particular to
men. As a surveillance activity, to test this possibility
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in a preliminary and relatively quick and inexpensive
way, researchers from the National Institute for
Occupational Safety and Health (NIOSH) and the
Ohio Department of Health have conducted a case-
control study, based on death certificates, of NHL
and HD among white men in Hancock County.

Methods

Cases and controls were selected from a computer
tape of all Ohio death certificate records for 1958-83.

Table I Average annual age adjusted mortality rates for
malignant lymphoma in white men*

Mortalit/ rale (per 100000) t

Non-Hodgkin 's Hodgkins (lisease
l}mp/homa

Area 1960-9 1970-9 1960-9 1970-9

Hancock County 99 (25)$ 104 (28)+ 3-0 (7) 24 (7)
Olhio 6-0 62 25 1 8
United States 5 6 6-0 2 3 1 6

*Data taken from reference 1.
tNumbers in parentheses are the number of deaths.
$Significantly raised over the United States rate, p < 005. according
to the Poisson test.
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This computer file included information on sex, race,
county of residence, age at death, year of death, and
underlying cause of death. From this file, a subfile was
created of death certificate records for all white male
residents of Hancock County, aged 15 or more, who
died during 1958-83.

Cases were defined as decedents for whom NHL or
HD was coded as the underlying cause of death. Cod-
ing was done according to the International
Classification of Diseases, seventh revision for
1958-67; eighth revision for 1968-78; and ninth
revision for 1979-83. The codes for NHL were 200,
202, and 205 in the seventh revision; 200 and 202 in
the eighth revision; and 200 and 202 (except
202.2-202.6) in the ninth revision. The code for HD
was 201 in all three revisions.
Four controls per case were chosen as a stratified

random sample. Stratification was done by age at
death (15-19, 20-24,... 85-89, >90) and year of
death (1958-63, 1964-8, 1969-73, 1974-8, and
1979-83). Those whose underlying or secondary
cause of death was a neoplasm of the lymphatic and
haematopoietic tissue were excluded from the control
series.
The few Hancock County residents who died out-

side Ohio were excluded from both the case and con-
trol series because death certificates, which were used
to obtain occupation and industry information (see
below), were not readily available. Two white male
Hancock County residents, whose underlying cause
of death was NHL, died outside the state during
1958-83.
Copies were obtained of the death certificates of the

cases and controls. The death certificate contains
entries for usual occupation ("kind ofwork done dur-
ing most of working life, even if retired") and usual
industry ("kind of business or industry"). These

Table 2 Number of deaths, summary odds ratios, and
95% confidence intervals for non-Hodgkin's lymphoma in
farmers, by selected variables

No of No of
Variable cases controls Odds ratio (CI)

All farmers 15 48 1-6 (0-8, 3-4)
Non-farmers 46 256
Year of death:
1958-73 Farmers 13 35 2-1 (0-9, 4-8)

Non-farmers 28 169
1974-83 Farmers 2 13 0-6 (0-1, 4-2)

Non-farmers 18 87
1960-79* Farmers 14 42 2-0 (0 8, 4 6)

Non-farmers 36 219
Age at death:
15-64 Farmers 4 13 1 9 (04, 8 7)

Non-farmers 21 131
)65 Farmers 11 35 1-5 (0-7, 3 6)

Non-farmers 25 125

*Year of death stratification: 1960-4, 1965-9, 1970-4, and 1975-9.

Dubrow, Paulson, Indian

entries were coded according to the 1980 US Bureau
of the Census occupational and industrial
classification system.2 When more than one
occupation or industry were mentioned on the death
certificate, all were coded.
The case and control series were compared with

respect to usual occupation and industry, adjusting
for age at death and year of death, using the strata
mentioned above. A decedent was classified into a
given occupation or industry if that occupation or
industry was mentioned on the death certificate, even
if more than one occupation or industry were listed.
Summary odds ratio (OR) estimators and chi-square
significance tests were calculated using the procedures
developed by Mantel and Haenszel.3 Test based 95%
confidence intervals (CI) were calculated by the
procedure of Miettinen.4

Results

There were 61 cases ofNHL, 15 cases of HD, and 304
control subjects in the study. Eight per cent of the
subjects could not be assigned a usual industry and
5% could not be assigned a usual occupation due to
insufficient information on the death certificates.
Only 1% of the subjects could not be assigned either
a usual industry or a usual occupation.

Farmers constituted the largest single occupation
and agriculture the largest industry among the study
subjects. Twenty five per cent of the NHL cases, 20%
of the HD cases, and 16% of the control subjects were
farmers. In addition to the farmers the subjects in
the agriculture industry included an employee of a
nursery, a labourer in a duck hatchery, and a truck
driver. Farmers were chosen for further analysis, as
opposed to the agriculture industry, for the sake of
homogeneity.
The relation between NHL and farmers is

presented in table 2. The overall summary OR was 1-6
(CI = 08, 3-4; observed number of exposed cases
(Obs) = 15). The OR was only raised during 1958-73
(OR = 2 1; CI = 0 9, 4 8; Obs = 13) and did not vary
appreciably by age at death.
The OR was also calculated for 1960-79

(OR = 2 0, CI = 0-8, 4 6) (table 2) in order to evalu-
ate directly the contribution of the excess NHL deaths
among farmers to the raised rate of NHL in Hancock
County during this period (table 1).
The overall summary OR for HD among farmers

was 2 7 (Obs = 3). The three cases occurred in a clus-
ter during 1960-2. The ages of the cases were 21, 44,
and 45. The OR in the year of death stratum 1958-63
for farmers age 15-64 was 21 2. The Mantel-Haenszel
significance test was inappropriate for results with
such small numbers.
The results for occupations and industries other
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Farming and malignant lymphoma in Hancock County, Ohio
than farmers and agriculture were based on small
numbers and were unremarkable.

Discussion

Raised ORs for NH<L and HD were observed among
farmers in Hancock County, Ohio. Although the
NHL result was not statistically significant at the
95% confidence level due to the small size of the
study, and the HD result was based on only three
deaths (a number too small to permit statistical test-
ing), these results are noteworthy because increased
risks have been reported previously for both
NHL5 " and HD"9 in farmers. The disappearance
of the association between NHL and farming in
Hancock County in more recent years, however, is
consistent with only one previous study.1" If this
association is truly due to occupational exposures this
discrepancy could be due to differences in farming
practices among geographical regions and calendar
periods.

Occupational exposures that are possible
aetiological agents include herbicides, insecticides,
other pesticides, fertilisers, and zoonotic viruses. In a
Swedish case-control study an association was
observed between exposure to phenoxy acid herbi-
cides and both HD and NHL. 2 NHL of the skin was
associated with phenoxy acid herbicide use in a NHL
case series.'3 A recent population based case-control
study in Kansas found the use of farm herbicides to
be associated with NHL but not HD."4 Only a weak,
non-significant association between NHL and poten-
tial exposure to phenoxy acid herbicides, however,
was observed in a case-control study in New
Zealand.'5

In an Iowa death certificate based case-control
study NHL among farmers was associated with resi-
dence in counties where herbicide use was high.7 In a
Wisconsin case-control study based on death
certificates risks ofNHL among farmers were greater
in the highest herbicide, fertiliser, and insecticide
using counties than in other counties in the state.6
A raised risk for malignant lymphoma was found

among workers engaged in producing arsenic
containing insecticides.'6 Two cases of NHL were
reported to have occurred six years after poisoning
with the agricultural nematocide, 1,3-dichloropro-
pene. 17HD was associated with exposure to fertilisers
in a case-control study in Yorkshire, England.'8
Hancock County has been one of the more pro-

ductive agricultural counties in Ohio, the major crops
being corn, wheat, and soybeans. Herbicide use has
been heavy in Hancock County compared with Ohio
as a whole throughout the study period.'9 Review of
Census of Agriculture data did not show changes in
agricultural practices that might account for the dis-

appearance of the associations between NHL and
HD and farming in Hancock County in more recent
years.'

Other lymphatic and haematopoietic neoplasms-
leukaemia and multiple myeloma-have also been
observed to be in excess among farmers.20 This raises
the possibility of common aetiological factors for the
various lymphatic and haematopoietic neoplasms.
The Swedish case-control study, which found both
HD and NHL to be similarly associated with
exposure to phenoxy acids, chlorophenols, and
organic solvents, lends credence to this possibility.'2
Other reports have linked organic solvent exposure
with HD2' and NHL.18 22 In the present study
mortality from both NHL and HD was raised in the
earlier years.
The number of excess deaths from NHL among

farmers observed in this study was insufficient to
explain the high rate of this disease seen in Hancock
County during 1960-79 (table 1). Using the US rate
as the standard, during this period there were about
23 excess deaths from NHL in Hancock County.
Fourteen of those who died from NHL during
1960-79 had a usual occupation of farmer. The odds
ratio for NHL among farmers during this period was
2-0 (table 2), indicating that only seven of the 23
excess deaths from NHL were attributable to
farming.
The only occupational information available in this

study, however, was the usual occupation, so possibly
there were other deaths from NHL among subjects
who, in addition to their usual occupation, had
worked as farmers at some time in their lives. Many
farmers in Hancock County have engaged in off farm
employment, '9 which may be listed as the usual
occupation/industry on the death certificate instead
of farming.
Thus in interpreting the results of this study the

limitations of death certificate data should be taken
into account. These include inaccuracies in cause of
death and occupation and industry information and
the crudeness of the occupation and industry infor-
mation (usual occupation and industry).

Farmers have been reported to have a low overall
death rate.2326 If farmers in Hancock County had a
lower overall death rate than the general population
in Hancock County during 1958-83 this would have
led to an underrepresentation of farmers in the con-
trol group, biasing the results toward artifactually
high odds ratios. This possibility cannot be ruled out.
It would be unlikely, however, to account for the
entire excess ofNHL and it could not explain the HD
cluster.

Death certificate based case-control studies may be
used as a relatively quick and inexpensive surveillance
tool. The present small study adds to the growing
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body of reports linking farming and malignant lym-
phoma, particularly NHL. Further work is needed to
clarify this relation.

Requests for reprints to: Dr Robert Dubrow,
Department of Epidemiology and Public Health,
Yale University School of Medicine, 60 College
Street, PO Box 3333, New Haven, CT 06510, USA.
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