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To evaluate the role of the herbicide 2,4-dichlorophenoxyacetic acid (2,4-D) in the development of non-Hodgkin’s lymphoma
(NHL), we conducted a population-based, case-control study in 66 counties in eastern Nebraska. Telephone interviews were
conducted with 201 white men diagnosed with NHL between July 1, 1983, and June 30, 1986, and with 725 controls. There was
a 50% excess of NHL among men who mixed or applied 2,4-D (odds ratio [OR] = 1.5; 5% confidence interval = 0.9, 2.5).
The risk of NHL increased with the average frequency of use to over threefold for those exposed 20 or more days per year (p for
trend = 0.051). Adjusting for use of arganophosphate insecticides lowered the risk estimate for frequent users (OR = 1.8), but
adjustment for fungicide use increased the risk estimate (OR = 4.5). Simultaneous adjustment for organophosphates and
fungicides yielded an OR of 3.1 for farmers who mixed or applied 2,4-D more than 20 days per year. Risk also increased with degree
of exposure, as indicated by application method and time spent in contaminated clothing, but not with the number of years of
2,4-D wse or failure to use protective equipment. Although other pesticides, especially organophosphate insecticides, may be

related to NHL, the risk associated with 2,4-D does not appear to be explained completely by these other exposures. (Epidemiology
1990;1:349-356) ‘
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In 1986, a case-control study conducted in Kansas
showed an association between the development of non-
Hodgkin's lymphoma (NHL) and agricultural use of het-
bicides (1), Risk for NHL increased with the average
number of annual days of exposure to herbicides. Farm-
ers exposed for more than 20 days per year had a sixfold
increased risk for NHL. This increased risk seemed to be
related specifically to 2,4-dichlorophenoxyacetic acid
(2,4-D) use and could not be explained by differential
recall, exposure to other pesticides, or other factors.

Because of the magnitude of these risks and the wide-

spread potential for exposure to 2,4-D in agriculture,
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forestry, lawn care, and other uses, we undertook'a sim-
ilar population-based case-control study in Nebraska,
another midwestern agricultural state.

Subjects and Methods
Cases of NHL, Hodgkin’s disease, multiple myeloma,
and chronic lymphocytic leukemia among white men
and women, aged 21 years or older, residing in 66 coun-
ties in eastern Nebraska, and diagnosed between July 1,
1983, and June 30, 1986, were identified through the
Nebraska Lymphoma Study Group and area hospitals.
Alrhough not an ongoing population-based cancer reg-
istry, special procedures were instituted by the Nebraska
Lymphoma Study Group to ascertain all cases in eastern
Nebraska. The observed incidence rate for NHL among
white males, aged 21 years or older, in eastern Nebraska
(18.0/100,000 person-years) was 77% of the rate re-
ported for white men, aged 20 years or older, 1983—
1986, by the nearby lowa component of the National
Cancer Institute-sponsored Surveillance, Epidemiology,
and End Results program (23.5/100,000 person-years)
(L. Ries, personal communication). This report will
present data on the white male NHL cases (N = 227).
All cases underwent pathology review and were clas-
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TABLE 1. Distribution of Non-Hodgkin's Lymphomas
by Histologic and Immunologic Type in

Interviewed White Men
Histology Number Percent
Low grade

A. Small lymphocytic 4 )]
B. Follicular, predominantly

small cleaved cell 20 (10
C. Pollicular, mixed small

cleaved and large cell 22 (1)

Intermediate grade
D. Follicular, predominantly

large cel 15 (8)
E. Diffuse, small cleaved cell 23 (11
F. Diffuse, mixed small
and large cell 16 (8}
G. Diffuse, large cell 51 (25)
High grade ‘
H. Large cell, immunoblastic 30 (15)
L. Lymy hoblastic _ 1 (<1)
} Smaﬁ noncleaved cell 4 . ()
Miscellaneous® _5 (3
201
Immunologic type
T 20 (10)
B 160 (80}
Indeterminant 11 (5)
Not available 10 (5)

' Composite lymphomas were assigned to the follicular component if
the follicular and diffuse components had the same cell type and eo the
most indolent cell type if the follicular and diffuse components dif-
fered.

sified according to the Working Formulation (2} (Table
1). Only histologically confirmed cases (N = 220) were
included. The review also included immunologic phe-
notyping of the NHL. All follicular lymphomas were
considered to be B-cell lymphomas. The diffuse lympho-
mas were phenotyped using the monoclonal antibodies
L26 and UCHL1 (DAKO Corporation, Santa Barbara,
CA) that mark B cells and T cells, respectively, in par-
affin-embedded tissues (3,4).

Control subjects were selected from residents of the
same 66-county area by 3:1 frequency matching by race,
sex, vital status, and age (+2 years) to the combined age
distribution of the four cancer case series (NHL,
Hodgkin's disease, multiple myeloma, and chronic lym-
phocytic leukemia}. For living cases under age 65 (N =
73), controls were selected by two-stage raridom digit
dialing (5). For living cases aged 65 or older (N = 67),
controls were selected from the Health Care Financing
Administration (Medicare) records. For deceased cases
(N = 80), controls were selected from the Nebraska
state mortality files using-the additional matching factor
of year of death. Persons with an underlying cause of
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death of NHL, Hodgkin's disease, multiple myeloma,
leukemia, malignancy of unknown site, aplastic anemia,
suicide, homicide, or legal intervention were excluded
as controls, A total of 831 white male controls were
selected.

Telephone interviews were conducted with 201 NHL
cases and 725 controls, or with their next-of-kin, be-
tween May, 1986, and October, 1987, The interviewers
were not aware of the subjects’ case-control status. The
response tates for the cases and controls were 91% (liv-
ing: 93%; deceased: 89%) and 87% (living: 89%,; de-
ceased: 85%), respectively. The overall control response
rate was 8% and consisted of a weighted average ac-
counting for the refusals in the household census phase
of the random digit dialing procedute and the refusals of
the randomly selected eligible controls to provide inter-
views.

This investigation covers the findings related to ‘the
association between NHL and agricultural exposure to
2,4-D. The interview questions on agricultural practices
included those regarding the herbicides and insecticides
used, the application method used most often, use of
pratective equipment, duration of time wearing work
clothes after handling pesticides, cattle raising, and use
of fungicides, rodenticides, fumigants, wood presetva-
tives, and fertilizers. For each herbicide and insecticide,
the years of use, the average annual numbet of days of

_use on the farm, and the average annual number of days

the pesticides were personally handled were obtained.
The interviewer noted whether the response about each
pesticide was volunteered in answer to an open-ended
question or reported only after a probe naming the spe-
cific pesticide.

All odds ratio {CR) estimates were adjusted for age by
stratification (2159, 60-69, 70-79, and greater than 80
years). Maximum likelihood estimates of a uniform odds
ratio and 95% confidence intervals (CI) were compured
by Gart's method (6). We assessed duration- and dose-
response telationships by means of Mantel’s one-tailed
linear trend test (7). Logistic regression was also used for
the data from farmers to evaluate the effects of several
pesticide factors simultaneously (8).

Results _
There was no overall excess of NHL among persons wha
had ever lived or worked on a farm; however, a 50%
excess risk of NHL was found among men who mixed or
applied 2,4-D (Table 2). Men who lived or worked on
farms where 2,4-D was used, but who did not petsonally
handle 2,4-D, had an OR of 1.2 (CI = 0.3, 4.2).
Among men who personally handled 2,4-D, risk in-
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TABLE 2. Number of White Men with Non-Hodgkin’s
Lymphoma, Number of Controls, and Odds

Ratios by Farming History
Farming OR
History Cases Controls* (95% CI)t

Never lived or :

worked on farm 54 184 1.0
Ever lived or

worked on farm 147 539 0.9 {0.6,1.4)
Insecticides

ysed on farm 104 321 1(0.7,1.6)
Herbicides :

used on farm 15 203 1.3 (0.8,2.0)
Mixed or

applied 2,4-D 43 98 1.5 (0.9,2.5}

* Two controls had unknowﬁ values for ever having lived or worked
~ on a farm.
TOR (95% CI) =

Age-adjusted odds ratic (95% confidence inter-
val). . :

creased according to the average annual number of days
spent mixing or applying 2,4-D in comparison with men
who never lived or worked on a farm (Table 3). Risk
increased to more than threefold for those with 21 or
more days of exposure per year {p = 0.051). There was
no consistent increase in risk with the number of years of
2,4-D use while the subjects lived 6r worked on a farm
or with the first year of 2,4-D use.

" Several characteristics of pesticide use that mdu:ate
potential for exposure were evaluated. Among men who
personally handled 2,4-D, risk varied by the method
used most often to apply herbicides. Tractor-mounted
spraying was associated with an OR of 1.4 (CI = 0.8,
2.6; 27 cases, 62 controls) and handheld spraying with
an OR of 1.7 (CI = 0.4, 6.7; 4 cases, 9 controls). Risk
increased substantially the longer farmers usually waited
to change into clean work clothes after handling pesti-
cides (Table 4). Farmers who changed immediately, at
the end of the work day, or the following day or later
(presumably, these farmers wore the clothes for more
than one work day but did not sleep in them) had ORs
of 1.1, 1.5, and 4.7, respectively (p for trend = 0.015).
Risk did not increase if the farmers reported that they
usually failed to use any protective equipment (eg, rub-
ber gloves, rubber boots, mask, spray suit} when han-

dling pesticides. Among farmers who mixed or applied

2,4-D, those who typically used protective equipment
while handling any pesticide had an OR of 1.7 (CI =
0.9, 3.1; 25 cases, 48 controls), whereas farmers who did
not had an OR of 1.2 (CI = 0.6, 2.4; 16 cases, 49
controls).

Possible confounding of the results for 2,4-D by use of
other pesticides was evaluated. The risks associated with
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TABLE 3. Number of White Men with Non-Hodgkin’s
Lymphoma, Number of Controls, and Odds
Ratios by Characteristics of Exposure to
2,4-Dichlorophenoxyacetic Acid (2,4-D)

OR
Use of 2,4-D Cases Controls  (95% CI)*
Never lived or
worked on farm 54 184 1.0
Days/year mixing ot
applying 2,4-D
1-5 16 44 1.2 {0.6,2.4)
6-20 12 25 1.6 (0.7,3.6)
2L 3 4 3.3 {0.5,22.1)
Unknown daysfyear 12 25 —_
Chi for trend =
1.639, p = 0.051
Years 2,4-D
used on farm:
1-5 3 12 0.9 (0.2,3.6)
6-15 11 15 2.8 (1.1,7.1)
16-20 3 18 0.6 {0.1,2.1)
21t 13 33 1.3 {0.6,2.7)
Unknown years 15 29 —_—
Chi for trend = ,
0.601,p = 0.274
First year of
2,4-D use:
Prior to 1945 8 21 1.4 {0.5,3.5)
1946-1955 13 39 1.1 {0.5,2.3)
1956-1965 3 8 2.1 {0.6,7.7)
1965-1986 4 12 1.3 (0.3,4.9}
Unknown year 13 18 —
Chi for trend =
0.955, p = 0.170

* OR (95% CI) = age-adjusted odds ratio (95% confidence interval).

use of any phenoxyacetic acid herbicide {ever and aver-
age annual number of days) were identical to the risks
for 2,4-D alone. All 13 cases and 27 controls who han-
dled 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) (ever

- handled 2,4,5-T: OR = 1.6, Cl = 0.7, 3.6; average

days per year of exposure 1-5: OR = 1.1; 6-20: OR =
6.4, 4 cases, 2 controls) were also 2,4-D users. None of
the subjects who handled 2,4-D more than 20 days per
year was a 2,4,5T user. Excluding the 2,4,5-T users did
not change the risks for handling 2,4-D (ever handled
2,4-D: OR = 1.5, CI = 0.8, 2.6; days per year 1-5: OR
= 1.1; 6-20: OR = 1.3; 21 +: OR = 3.3). Restricting
the analysis to farmers and adjusting for the use of other
herbicides by class (triazines, amides, benzoics, carba-
mates, trifluralins, and other) resulted in no meaningful
changes in the ORs for those who ever handled 2,4-Dor
in the positive trend associated with average annual days
of exposure to 2,4-D. Adjustments for the use of insec-
ticides by class (chlorinated hydrocarbons, carbamates,
organophosphates, metals, and other) also resulted in no
meaningful changes in the risk estimates for 2,4-D, ex-
cept for the use of organophosphates. Adjusting for or-
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TABLE 4. Number of White Men with Non-Hodgkin's
Lymphoma and Controls Who Mixed and
Applied 2,4-Dichlorophenoxyacetic Acid
(2,4-D) by Timing of Change to Clean
Work Clothes after Handling Pesticides

When Subject
Usually Changed
to Clean OR
Work Clothes Cases Controls* {95% Cht

Never lived or _

worked on farm 54 184 L.
Immediately after

handling pesticides 6 19 L
At end of work day 31 73 1.
Following day

or later - ' 6 4 4
Chi for trend =

2.166, p = 0.015

* Two controls who personally handled 2,4-D had unknown values.
t OR (95% Cl) = age-adjusted odds ratio (95% confidence interval).

ganophosphate use on the farm yielded an OR of 1.1 for
men who ever handled 2,4-D and ORs of 0.9, 1.3, and
1.8 for men exposad to 2,4-D for 1-5, 6-20, and more
than 20 days per vear (p for trend = 0.246) relative to
farmers with no 2,4-D exposure. Adjustments using
mote detailed measures of organophosphate exposure
(eg, duration and average annual days spent mixing or
applying) also resulted in approximately twofold in-
creased risks of NHL among the most frequent handlers
of 2,4-D. Analysis of organophosphate use, adjusted for
use of 2,4-D, showed an independent association with
NHL (ever: OR = 2.4; days per year 1-5: OR = 1.7;
6-20: OR = 1.8; 21+: OR = 3.1) and will be de-
scribed more thoroughly in a future report. The risk
among 2,4-D users compared with nonusers, excluding
all organophosphate users, was similar to the adjusted
2,4.D risk for ever use (OR = 1.1) and for the two
lower use categories (days per year 1-5: OR = {.7;
6-20: OR = 1.5). There were no cases exposed to 2,4-
D for 21 or more days who were unexposed to otgano-
phosphates. Adjustments for the use of fungicides led to
increases in the risk estimates associated with 2,4-D ex-
posure (OR = 1.8, CI = 1.1, 3.0) and with average
annual days of exposure to 2,4-D (1-5 days: OR = 1.6;
620 days: OR = 2.2; 21+ days: OR = 4.5; p for trend
= 0.003). Simultaneous adjustment for use of organo-
phosphates, fungicides, and age resulted in ORs of 0.8,
1.3, and 3.1 for farmers who mixed or applied 2,4-D
1--5, 6-20, and more than 20 days per year, respectively.
The results of logistic regression analyses, restricted to
farmers and including the variables age and use of 2,4-D,
organophosphates, and fungicides, were consistent with
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the stratified analyses. Use of organophosphate insecti-
cides {ever used on farm: OR = 2.4) and 2,4-D (han-
dled 21+ days per year: OR = 2.1) were independent
risk factors for NHL.

Approximately two-thirds of both the exposed cases
(63%) and controls (64%) volunteered the history of
2,4-D use on the farms where they lived or worked,

‘whereas about one-third of the exposed cases (37%) and

controls (36%) reported 2,4-D use only after a specific
probe. Risk estimates were similar among the two groups
for the use of 2,4-D on the farm (volunteers: OR = 1.5;
probes: OR- = 1.5), personal handling of 2,4-D (volun-
teers: OR = 1.5; probes: OR = 1.5), and more than 20
days per year exposure to 2,4-D (volunteers: OR = 2.5,
1 case, 2 controls; probes: OR = 3.8, two cases, 2
controls).

The risk of NHL associated with personal handling of
2,4-D was higher among persons with proxy interviews
(1-5 days per year: OR = 2.2; 6-20 days: OR. = 2.2;
21+ days: OR = 2.4) than among self-respondents (1-
5 days per year: OR = 1.0; 6-20 days: OR = 1.6; 21 +
days: OR = 1.4).

Histology, tumor prade, degree of maturation, and
immunologic type of the NHLs were evaluated. The
association with 2,4-D did not appear to be specific to
any subgroup of NHL, although small numbers limited
the reliability of the risk estimates. There was a slight
suggestion that risk may be higher in intermediate grade
NHL (Working Formulation groups D-G, Table 1)
(ever: OR = 1.7; 21+ days per year: OR = 5.0, 2
cases, 4 controls), follicular center cell NHL (Working
Formulation groups B-D, F-G, Table 1) (ever: OR =
1.7; 21+ days.per year: OR = 6.4, 2 cases, 4 controls),
large cell NHL (Working Formulation groups G-H)
(ever: OR = 1.5; 21+ days per year: OR = 6.2, 1 case,
4 controls), and blastic NHL (Working Formulation
groups D, G, and J) (ever: OR = 2.3; 21+ days per
year: OR = 9.3, 1 case, 4 controls). Personally han-
dling 2,4-D was associated with both T-cell (OR = 2.0;
Cl = 0.5, 7.3) and B-cell (OR = 1.5; C1 = 0.9, 2.6)
lymphomas; however, the trend with days per year was-
significant {p = 0.045) for B-cell lymphomas only. The
ORs for B-cell lymphomas were 1.1, 1.6, and 4.3 for
persons exposed to 2,4-D for 1-5, 6-20, and 21 or more
days per year, respectively. There were no T-cell lym-
phoma cases who wére exposed to 2,4-D more than 20
days per year.

None of the other factors ¢overed in the interviews,
including family history of cancer, prior radiation treat-
ment, other aspects of the medical history, tobacco con-
sumption, or use of hair coloring products, was respon-
sible for the observed 2,4-D associations.
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Discussion

This population-based case-control study conducted in

eastern Nebraska found a 50% excess of NHL associated
with mixing or applying 2,4-D. The tisk for NHL in-
creased with the average frequency of use to more than
threefold among those exposed more than 20 days per
year. These findings are consistent with those of a pre-
vious case-control study conducted in Kansas (1), al-
though the risk estimates are lower in the present study.
The difference in risks in the two states may be ex-
plained by statistical variation, since the confidence in-
tervals for risk estimates obtained in Nebraska (CI =
0.5, 22.1) and Kansas {CI = 1.8, 32.3) show consid-
erable overlap. ,

Some, but not all, variables that indicated the degree
of exposure to 2,4-D were related to an increased risk of
NHL. In addition to the average annual number of days
mixing or applying 2,4-D, the potential for dermal ex-
posure of the usual method of herbicide application
{9,10) and the time of change to clean work clothes
after handling pesticides were both related to increased
risk. However, the number of years of 2,4-D use while
the subject lived or worked on the fartm was not consis-
tently related to an increased risk for NHL. Interest-
ingly, a similar lack of association with years of use was
observed in the Kansas study (1). Computing years of
use as a measure of exposure assumes that the level of
exposure is similar throughout the year and from year to
year. Pesticide use, however, is sporadic, not continu-
ous, throughout the work year, and the amount used
may vacy considerably from year to year depending on
the need and on the use of other farm workers to mix
and apply the pesticides. Annual frequency of exposure
is more strongly correlated with risk than years of use
and may be a better surrogate for delivered dose.

In contrast to the findings of the Kansas study (1),
failure to use protective equipment regularly was in-
. versely associated with an increased risk of NHL among
2,4-D users. The elevated risks for users and nonusers of
protective equipment were not substantially different
from one another, Certainly, one should not discourage
the use of protective equipment based on the present
study's results. ’

Exposure to other pesticides affected risk estimates
from exposure to 2,4-D. Adjustment for the use of or-
ganophosphate insecticides reduced the observed risk as-
sociated with 2,4-D exposure, while adjustment for fun-
gicide use increased the risk. Simultaneous adjustment
for both resulted in risk estimates for average annual
days of exposure similar to the values adjusted for age
alone. Logistic regression analyses also indicated inde-
pendent effects of 2,4-D and organophosphates. Because
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of the small number of subjects and the high proportion
of subjects with multiple exposures, it is not possible in
this study to entirely disentangle these relationships.
There may be some residual confounding. Case-control
studies of larger populations with detailed dara on more
variable patterns of exposures are needed. )

This study relied upon study subjects or their next-
of-kin to recall complicated lifetime exposure histories.
While there is a great need to improve methods for
estimating exposure to pesticides in epidemiologic stud-
ies {11}, exposure misclassification is not likely to have
created spurious risks in this study or in the Kansas study
{12). The similarity of the proportions of cases and con-

trols who volunteered histories of 2,4-D use in response.

to an open-ended question as compared with those who
responded to a specific probe for 2,4-D use and the in-
creased tisks among frequent users in both the subjects
and proxy respondents suggest that recall bias did not
occur in this study. Corroboration of a sample of the
exposure histories in the Kansas study (1) and method-
ologic studies of industrial workers (13) observed little
difference in accuracy of reports from cases and controls
and suggest that the exposure misclassification in this
study is likely to be independent of case-control status.
Such misclassification tends to decrease risk estimates
and reduce exposure-response gradients (14). Thus, mis-
classification in the Nebraska study is likely to result in
an underestimate of the true risk associated with 2,4-D
exposure. In addition, increasingly detailed measures of
exposure to organophosphates did not further reduce the
adjusted OR for 2,4-D exposure, suggesting that misclas-
sification of organophosphate exposure did not lead to
an artificial inflation of the risk estimate for 2,4-I,
The large proportion of farmers with no known his-
tory of pesticide use in this study (37% of the controls)
suggests inaccurate recall by the study subjects. The
study definition of farmers, however, included anyone
who had ever lived or worked on a farm. This definition
includes dependents of farmers and persons who farmed
for only brief periods of time. Their opportunity to use
pesticides would have been considerably less than for
career farmers. Also, some of the older study subjects
farmed several decades ago when pesticide use was much
fess common than in recent years. In addition, some
subjects who reported no use of pesticides probably used
them. Such misclassification would result in some ex:
posed farmers being classified as nonexposed. In the
presence of a positive association, these improperly clas-
sified “nonexposed” farmers would reduce the true risk
estimates for farmers as a group and lower risk estimates
for frequent users of 2,4-D. In fact, the farmers who
teported no exposure to 2,4-D had an odds ratio of 0.8
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(CI = 0.5, 1.2}. This deviation from 1.0 could result
from random variation or uncontrolled negative con-
founding, If confounding were the explanation, the odds
ratios reported for the exposed farmers are likely to be
underestimates of the true risks,

OTHER EPIDEMIOLOGIC STUDIES
There have been many epidemiologic studies evaluating
the relation of pesticides to cancer which, at first glance,
appeat to report inconsistent results. The studies gener-
ally have not evaluated the same chemicals with the
same measures of exposure, however. Only the Kansas
study (1) appears comparable with the Nebraska study,
ie, based on days per year of agricultural exposure to
2,4.D. Other case-control studies of NHL and herbi-
cides have either treated the phenoxyacetic acid herbi-
cides as a group, with no specific information on 2,4-D
and/or lacked information on the number of days per
year of exposure (15-21). Case-control studies in Swe-
den, however, have also noted excess risks for NHL
among persons having contact with phenoxyacetic acid
herbicides (15,16,21}, with an indication in one study
(15) that excess risks were present among persons ex-
posed o 2,4,5-T and those exposed only to phenoxys
considered unlikely to be contaminated by polychlori-
nated dibenzodioxins and dibenzofurans, such as 2,4-D
and 4-chloro-2-methyl phenoxyacetic acid (MCPA)Y. A
study in western . Washington state (22) observed a
small, but significant, excess risk of NHL among farm-
ers, but the risk did not increase with duration in farm-
ing occupations nor with estimated level of exposure in
other occupations to 2,4-D; however, no data on the
annual number of days of exposure were available.
Pearce (19), who found no association between duration
or frequency of herbicide use and lymphoma among New
Zealand applicators, was studying workérs exposed al-
most entirely to 2,4,5-T. Exposure to 2,4,5-T was not
associated with an elevated risk of NHL in the Kansas
study, but was associated with a nonsignificant increased
risk in the Nebraska study. The results of the Kansas and
the Nebraska studies indicate that evaluating risk by job
title or duration of exposure only may be inadequate,
missing important information. It is apparent that con-
siderable variation of exposure cccurs among farmers
and that personal exposure histories must be obtained in
“such studies.

Cohort studies of manufacturers and applicators have
also been subject to the problems of mixed exposures.
Most of the cohorts exposed to 2,4-D have also been
exposed to either 2,4,5-T (23-25) or MCPA. (26-29}.
These investigations have generally not observed ex-
cesses of NHL, but the small number of subjects in these
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studies has limited their usefulness in examining NHL, a
rare cause of death (23,24). A recent cohort study of
farmers in Canada reported that the risk of NHL in-
creased with the number of acres sprayed with herbi-
cides, particularly in smaller farming operations of less
than 1,000 acres (30). Bond et al (31) studied a group of
878 chemical workers who were potentially exposed to

several agricultural chemicals, including 2,4-D, and ob-

served a nonsignificant excess of lymphatic and he-
matopoietic cancers. This excess occurred exclusively
among workers wlio were emploved in the 2,4-D plant
(5 deaths observed, relative risk = 3.1, p = 0.05). Two
of the five lymphatic and hematopoietic cancers were
non-Hodgkin’s lymphomas.

EXPERIMENTAL STUDIES

There is little evidence that 2,4-D is mutagenic or geno-
toxic (32,33). A Z-year animal feeding study of 2,4-D
resulted in a statistically significant excess of astrocyto-
mas in male rats at the highest dose level (Industry Task
Force on 2,4-D research data, as cited in Bond et al
[31]). The International Agency for Research on Cancer
(34) recently concluded that there is inadequate evi-
dence of animal carcinogenicity for 2,4-D. 2,4-D has
been associated with increased rates of sister chromatid
exchanges and other chromosomal aberrations in vitro
(35-37) and in vivo (37,38). The possibility that 2,4-D
may be carcinogenic, not by mutagenic activity, but by
excessive production of hydrogen peroxide and the pro-
liferation of peroxisomes has been suggested (39).

Immunosuppression, a well-established strong risk
factor for NHL. (40), could be a possible mechanism by
which 2,4-D might increase the risk of NHL. Acute
exposure of female mice to high levels of 2,4-D resulted
in suppression of antibody production against sheep red
blood cells; however, subacute exposure, more compa-
rable with human occupational exposures, did not affect
antibody production but, rather, enhanced B- and T-
lymphocyte proliferative tesponses (41). 2,4-D has
tarely been reported to be contaminated with 2,3,7,8-
tetrachlorodibenzo-p-dioxin (42), the dioxin congener
that is a frequent contaminant of some other phenoxy
herbicides and that has been reported to be both immu-
nosuppressive and carcinogenic (43-49).

The fact that the mechanism for 2,4-D'’s putative ac-
tion is unknown should not detract from the strength
and consistency of the results in Kansas and Nebraska
concerning risk by days per year of herbicide use. Based
on the positive results in these two studies and the like-
lihcod that any exposure misclassification has probably
decreased the risk estimates and diluted exposure-
response gradients, we believe that the weight of evi-
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dence indicates that the use of Z,4-D in an agricultural
setting increases the risk of NHL among persons han-
dling the chemical frequently.
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