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Table 3 Number of NHL deaths and relative risks (RR) for acres sprayed with
herbicides in 1970, restricted to farms less than 1000 acres, in Saskatchewan

farmers, Â¡971-1985"

Acressprayed0

1-99
100-249
250+No.

of
NHL deaths35

14
28
10RR

(95%CI)"1.01.3

(0.7, 2.4)
1.9(1.2,3.3)
2.2(1.0,4.6)

" Source: Wigle et al., 1990 (23).
* RR (95% Cl), relative risk (95 % confidence interval), multivariate Poisson

regression analysis.

Table 4 Number of observed and expected number of NHL deaths and
standardized mortality ratios (SMR) for manufacturing and pesticide applicator

cohorts exposed to phenoxyacetic acid herbicides

No. of No. of
NHL expected

Cohort type Study Ref. no. deaths deaths SMR

ManufacturingApplicatorsBond(1988)Coggon(1991)Fingerhut

(1991)Saracci
(1991)"Wiklund

(1987)*Saracci

(1991)242526282728221082130.50.77.35.420.86.339127213714910149
" Saracci et al. (28) is an international study with data from 10 countries and

includes both manufacturing production workers and pesticide applicators.
* Wiklund et al. (27) studied cancer incidence, so the data represent numbers of

cases and standardized morbidity (or incidence) ratios.

Table 5 Number of canine malignant lymphoma cases and controls and odds
ratios (OR) by dog owners' use of2,4-D and/or commercial lawn treatment"

Owner application of 2,4-D and/or
commercial lawntreatmentNone

or dog never allowed inyardYesCommercial

treatmentonlyOwner
applied 2,4-DonlyBothNo.

of dog owner applications of2.4-0^1^1234+No.

of
cases300191115601620281117No.

of
controls6413041899916344717n

:DR.0.3*.3.3.9.3.3.3!.0
" Source: Hayes et al., 1991 (29).
* Statistically significant.
' /Â»-valuefor trend < 0.02.

than 2-fold risk of NHL associated with use of organophos-
phate insecticides (odds ratio, 2.4), adjusted for 2,4-D use.
Chlorophenols have been linked to NHL in case-control studies
from New Zealand (16, 17) and Sweden (11), although the New
Zealand findings were not statistically significant. Fungicides in
general were associated with NHL in Kansas (12). Grain mill
ers, exposed to fungicides and fumigant pesticides, have been
reported to have excess NHL (30). A nested case-control study
within a cohort mortality study of 22,938 grain millers reported
a 4-fold excess of NHL among flour mill employees. Risk rose
to 9-fold after 25 years of follow-up. Garry et al. (31) reported
that fumigant applicators previously exposed, 6 weeks to 3
months earlier, to phosphine or to phosphine plus other pesti
cides, had significantly increased stable chromosome rearrange
ments, primarily translocations in G-banded lymphocytes.

Evaluation of the Role of Pesticides in the Increasing
Incidence of Non-Hodgkin's Lymphoma

Studies from a number of countries and a variety of exposure
situations suggest that pesticides may contribute to the devel
opment of NHL. To determine the proportion of the recent
increases in NHL incidence that may be caused by pesticides,

we need better information on the risks associated with specific
pesticide exposures, information on the prevalence of pesticide
exposures, and, in particular, information on the changes of
exposure over time.

To refine risk estimates, future research on pesticides and
NHL needs to incorporate improved exposure assessment tech
niques. Considering farmers or other pesticide applicators as a
group, without detailed exposure data, introduces misclassifi-

cation and dilutes risk estimates (32, 33). Two approaches
should be used. First, etiologic studies may need to be preceded
by methodological research to assess the reliability and validity
of current techniques used to estimate agricultural exposures
and to develop new approaches. This would provide a better
basis for exposure assessment in retrospective studies. Another
approach would be to conduct a prospective study of an agri
cultural population (men, women, and farm dependents), which
would provide the opportunity for repeated exposure assess
ment. The need for better exposure data extends beyond occu
pational situations to general population contacts that may
arise from lawn care treatments and other pesticide uses in
urban areas. Research on biomarkers of exposure and interme
diate outcomes are needed to shed light on the mechanisms of
action of pesticides. Possible areas of research include the role
of phenoxy herbicides in immunosuppression, peroxisome pro
liferation, and other epigenetic mechanisms.

The prevalence of use of phenoxy herbicides has changed
over the last 45 years, going from essentially zero in 1945 to one
of the most commonly used pesticide classes in the United
States in 1989 (8). The phenoxy herbicides were discovered in
1942 and were first field tested during World War II by the
United States government with the goal of destroying the Jap
anese rice crop (34). Since 1965, the amount of herbicides used
per year in the United States has quadrupled while insecticide
use has declined slightly (35).

It is important to remember that pesticide exposures are not
limited to agricultural workers. Approximately 70 million
pounds of pesticides are applied on lawns each year (36) and the
use of lawn care pesticides is increasing 5 to 8% annually (37).
The Environmental Protection Agency has estimated that in
1988 as many as 11% of single family households used a com
mercial lawn care service (36), with about twice as many house
holders applying pesticides to their lawns themselves (37). The
amount of pesticides per treated acre of household lands is
almost five times the application rate for treated agricultural
lands (38).

Conclusion

In conclusion, NHL is associated with pesticide use, partic
ularly phenoxy herbicides. Exposure to phenoxy herbicides is
widespread in the agricultural and general populations. The use
has increased dramatically preceding and during the time pe
riod in which the incidence of NHL has increased, which could
explain at least part of the rising incidence of NHL.
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