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Background: An increased rate of non-Hodgkin’s lymphoma (NHL) has been repeatedly observed 
among farmers, but identification of specific exposures that explain this observation has proven diffi- 
cult. 
Methods: During the 1980s, the National Cancer Institute conducted three case-control studies of NHL 
in the midwestern United States. These pooled data were used to examine pesticide exposures in farm- 
ing as risk factors for NHL in men. The large sample size (n = 3417) allowed analysis of 47 pesticides 
simultaneously, controlling for potential confounding by other pesticides in the model, and adjusting the 
estimates based on a prespecified variance to make them more stable. 
Results: Reported use of several individual pesticides was associated with increased NHL incidence, 
including organophosphate insecticides coumaphos, diazinon, and fonofos, insecticides chlordane, 
dieldrin, and copper acetoarsenite, and herbicides atrazine, glyphosate, and sodium chlorate. A 
subanalysis of these "potentially carcinogenic" pesticides suggested a positive trend of risk with expo- 
sure to increasing numbers. 
Conclusion: Consideration of muitipie exposures is important in accurately estimating specific effects 
and in evaluating realistic exposure scenarios. 

F 
arming occupation has been associated with an increased 
risk of non-Hodgkin’s lymphoma (NHL) in the United 
States and other countries.~ Specific farming exposures 

contributing to the excess risk have not been clearly discerned, 
but pesticides have received considerable attention. Associa- 
tions have been observed between NHL risk and exposure to 
phenoxyacetic acids, most notably 2,4-dichlorophenoxyacetic 
acid ( 2,4-D ).~-’" Organochlorine, organophosphate, carbamate, 
and triazine pesticides have also been implicated. 

There are several analytical challenges in studying health 
effects of pesticide exposures among farmers. Farmers are 
typically exposed to multiple pesticides during a lifetime, and 
pesticides are frequently used together or during the same 
growing season, posing a challenge for identifying specific risk 
factors. Although multiple and simultaneous exposures are 
common in epidemiology and the situation regarding pesti- 
cides is not unique, they do require large numbers to success- 
fully identify risks from specific exposures. Many of the past 
studies of NHL and pesticides had limited power to adjust for 
potential confounding by associated pesticide exposures. Lim- 
ited study power has also hindered investigation of the risk 
associated with common pesticide combinations. 

In principle, multiple pesticide exposures should be 
modelled simultaneously to account for their probable 
correlation; however, modelling multiple pesticides can lead to 
imprecise estimates, particularly where exposures are infre- 
quent. In addition, some estimates are expected to be very 
inaccurate, either due to chance or systematic error (such as 
recall bias). Hierarchical regression models, also known as 
multilevel or multistage models, allow the researcher to 
specify prior distributions for multiple effect parameters of 
interest (for example, pesticide effects), and to adjust the 
observed likelihood estimates towards these prior distribu- 
tions with the objective of obtaining increased precision and 
accuracy for the ensemble of estimates.~-~7 Although the true 
prior distributions are rarely known, factors hypothesised to 
determine or explain the magnitude of the true effects of 

interest can be used to specify the form of the prior distribu- 
tions, whose magnitudes are then estimated.’s 

During the 1980s, the National Cancer Institute conducted 
three population based case-control studies of NHL in 
Nebraska,’ Iowa and Minnesota,~’ and Kansas.’ Each of these 
studies focused on farming exposure to pesticides, and data 
from the three studies have been pooled. In the pooled data, 
certain organophosphate’2 and carbamate~’ insecticides were 
positively associated with the risk of NHL. Lindane use was 
associated with slightly increased incidence of NHL,~8 whereas 
DDT use was not.19 There was also a slightly inQeascd 
incidence associated with atrazine exposure,a° 

We used these pooled data to conduct an analysis of expo- 
sure to multiple pesticides in farming as risk factors for NHL 
among men. The larger sample size provided adequate 
numbers of exposed persons to analyse a set of pesticide 
exposures simultaneously, using hierarchical regression to 
adjust estimates based on prior distributions for the pesticide 
effects. In addition, effects of the number of pesticides used 
and of common pesticide combinations were explored to 
assess the risk associated with realistic scenarios of farmers’ 
exposures to multiple pesticides. 

METHODS 
Study population 
The three case-control studies had slightly different methods 
of subject recruitment. In Nebraska,5 all cases of NHL 
diagnosed between July 1983 and June 1986 among white 
subjects 21 years of age and older, and living in one of the 66 
counties of eastern Nebraska were identified through the 
Nebraska Lymphoma Study Group and area hospitals. In Iowa 
and Minnesota," all newly diagnosed cases of NHL among 

Abbreviations: 2,4-D, 2,4-dichlorophenoxyocetic acid; NHL, 
non-Hodgkin’s lymphoma; OP, organophosphorus 

www.occenvmedcom 

Defendant’s Exhibit 2193 0001 



2 el9 

Downloaded from oem.bmj.com on 7 March 2008 

Electronic paper 

white men aged 30 years or older were ascertained from 
records of the Iowa State Health Registry from 1981 to 1983, 

and a special surveillance system of Minnesota hospitals and 

pathology laboratories from 1980 to 1982. In Kansas,’ a 

random sample of cases diagnosed between 1979 and 1981 

among white men age 2l years or older was selected from the 
storewide cancer registry run by the University of Kansas 

Cancer Data Service, Population based controls were randomly 

selected from the same geographical areas as the cases, 

frequency matched to cases by race, sex, age, and vital status 
at the time of interview. Potential controls were identified by 

random digit dialing and from Medicare records, and for 

deceased cases, from state mortality files. 

Only one study included women; in this pooled analysis we 

excluded female cases and controls. Those who lived or 
worked on a farm when younger than 18 years of age, but not 

after age 18, were not asked about their pesticide use in the 

Nebraska study; persons with this history from any of the 
three studies were therefore excluded from analyses of the 

pooled data. Following exclusions, the study population 

included 870 cases and 2569 controls. 

Interviews 
Interviews were conducted with the subjects or their next of 
kin if the subjects were dead or incapacitated. In each study, 

detailed questions were asked about the use of agricultural 

pesticides as well as other known or suspected risk factors for 
NHL. In Nebraska, information was obtained through 

questioning about the use of any pesticide, ,ollueveu by 

prompting for selected specific pesticides, with details on the 

total number of years of use and average number of days per 

year. In Iowa and Minnesota, use was assessed by a direct 

question about a selected list of specific pesticides. Pesticide 

users were also asked the first and last year each pesticide was 

used. In Kansas, use of pesticides was assessed by an open 

ended question without prompting for specific pesticides, and 

duration of use and days per year were obtained for groups of 

pesticides (herbicides, insecticides, and fungicides), but not 

for each pesticide individually. 

Statistical analyses 
Each pesticide for which there were data from all three stud- 

ies, and to which 20 or more persons were exposed, was 

included in the pooled analysis. The set of pesticides examined 

included 47 insecticides and herbicides. Exposure to each pes- 

ticide was coded as an indicator variable for exposed ( 1 ) or not 
exposed {0). Because these analyses of multiple pesticides 

modelled the pesticides simultaneously, any subject with a 

missing or "don’t know" response for any one of the 47 pesti- 

cides of interest was excluded from all analyses. Following 

exclusion of subjects with missing data, analyses of multiple 

pesticides included 650 cases {74.7%) and 1933 controls 

(75.2%). We employed two approaches to our analyses: stand- 

ard logistic regression (maximum likelihood estimation) and 
hierarchical regression, calculating odds ratios to estimate the 

relative risk associated with each pesticide, All models 

included variables for age (coded as a quadratic spline variable 

with one knot at 50 years)~’ and indicator variables for study 

site. Other factors known or suspected to be associated with 

NHL, including first degree relative with haematopoietic can- 
cer, education, and smoking, were evaluated and found not to 

be important confounders of the associations between NHL 

and pesticides. The standard logistic regression models did not 

assume any prior distribution of pesticide effects, in contrast 
to the hierarchical regression modelling. 

Hierarchical regression of multiple pesticide exposures 
In the first-level model of the hierarchical regression analysis, 
NIIL disease status was regressed simultaneously on the 47 
pesticide exposures, age, and study site. The maximum likeli- 
hood estimates for the 47 pesticides from the first-level model 

were regressed in a second-level linear regression model as a 
function of prespecified prior covariates for each of the pesti- 
cides. The second-level model should incorporate what is 
known about each true effect parameter prior to seeing the 
study data.’~ ~’-’ Information derived from the second-level 
model was used to adjust the beta coefficient for each pesticide 
exposure according to its "prior distribution"; the beta for 
each pesticide was adjusted in the direction of its prior mean, 
or expected value (from the second-level model), with the 
magnitude of shrinkage dependent on the precision of its 
likelihood estimate (from the first-level model) and a 
prespecified variance of the assumed normal distribution for 
that parameter. SAS Proc GLIMMIX was used to run the hier- 
archical models. This program can be adapted for the purpose 
of hierarchical modelling of multiple exposures, and uses a 
penalised likelihood function to fit the first- and second-level 
models by an iterative procedure.-" 

Information on pesticides that would give a priori reason to 
believe that the true effect parameters for certain specific pes- 
ticides would be more or less similar to each other was 
constructed into a matrix for use in the second level of the 
hierarchical regression analysis (table 1 ). The second-leveL or 
prior covariates, were factors hypothesised to determine the 
magnitude of, or explain some of the variability between, the 
individual true effects. The covariates were indicators of pesti- 
cide class, structure, and toxicity, used to define categories of 
pesticide effects which would be regarded as "exchangeable", 
or as draws from a common prior distribution." ’~ These "cat- 
egories of exchangeability" included the groupings: insecti- 
cides (versus herbicides), organochlorines, organophosphates, 
carbamates, phenoxyacetic acids, triazines, amides, and 
benzoic acids {see table 1). In addition to categories of 
exchangeability, we defined a prior covariate incorporating 
prior evidence for carcinogenicity of the pesticide. Based on 
data from the United States Environmental Protection Agen- 
cy’s (US EPA) Integrated Risk Information System (http:// 
www.epa,gov/iris/) and the International Agency for Research 
on Cancer’s Program on the Evaluation of Cancer Risks to 
Humans (http:/Imonographs.iarc.fr/), carcinogenic probability 
for any cancer (not limited to NHL), was defined as a continu- 
ous variable ranging between 0 and I (algorithm for variable 
definition is included as footnote to table 1 ). 

Another component of each pesticide effect’s ~rior distribu- 
tion was a value for the residual variance, which captures 
effects above and beyond those accounted for by the "group" 
effects of the second-level covariates, and determines the 
degree of shrinkage of a likelihood estimate toward its prior 
mean.’~ =~ This residual variance was defined as a value relating 
to a range of probable values for the true effect parameter. We 
assumed, with 95% certaint!,; that the rate ratio for each pes- 
ticide, after adjusting for the second-!eve! covariates, would 
fall within a 10-fold range around its prior mean (for example, 
between 0.5 and 5.0 ), by defining the prior residual variance as 
0.35 (note: for a 10-fold range, residual variance = ((In(10))/ 
3.92)a ~ 0.35}, assuming normality). 

Because our prior covariates were crudely defined, and 
because there is little information on factors that would be 
expected to affect the magnitude of the effect of pesticides on 
NHL incidence, we also performed a hierarchical regression 
analysis of multiple pesticides using an intercept-only model, 
in which all pesticide effects were assumed to arise from a 
common prior distribution, with a prior residual variance of 
0.35. In other words, this modelling strategy assumed that 
there was no a priori reason to believe that any specific pesti- 
cide was more likely to be associated with NHL incidence than 
any other pesticide in the model. 

Number of pesticides used 
We conducted analyses to estimate NHL incidence associated 
with the number of pesticides used, out of the total nmnber of 
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Table 1 Second-level matrix for hierarchical regression analysis, showing values of "prior covariates" for each 
pesticide of interest* 1" 

Pesticides Insedicides chlorines Ca~mates acids "rriazlnes Amides acids probabifity 

Insecticides 
Aldrin 
Buf~ncarb 
Carboryl 
Carbofuren 
Chlordane 
Copper acetoarsenite" 
Coumaphos 
DDT 
Diazinon 
Dichlorvos 
Dieldrin 
Dimethoate 
Ethoprop 
Famphur 
Fly, lice, tick spray 
Fonofos 
Heptochlor 
Lead arsenate" 
Undone 
Malalhion 
Methoxychlor 
Nicotine 
Phorate 
Pyrethrins 
Rotenone 
Tetrachlorvinphos 
Toxaphene 
Terbufos 

1 
0 
0 
0 
1 
0 
0 
1 
0 
0 
1 
0 
o 
0 
o 
0 
1 
0 
1 
0 
1 
0 
0 
0 
0 
0 
I 
0 

0 0 0 0 0 0 0.6 
0 1 0 0 0 0 0.3 
0 1 0 0 0 0 0.3 
0 1 0 0 0 0 0.3 
0 0 0 0 0 0 0.8 
0 0 0 0 0 0 1.0 
1 0 0 0 0 0 0.3 
0 0 0 0 0 0 0.8 
1 0 0 0 0 0 0.3 
1 0 0 0 0 0 0.8 
0 0 0 0 0 0 0.6 
1 0 0 0 0 0 0.3 
1 0 0 0 0 0 0.3 
1 0 0 O 0 0 0.3 
0 0 0 0 0 0 0.3 
1 0 0 0 0 0 0.3 
0 0 0 0 0 0 0.8 
0 0 0 0 0 0 1.0 
0 0 0 O 0 0 0.3 
1 0 0 O 0 0 0.3 
O O 0 O 0 0 0.3 
0 0 0 0 0 0 0.3 
1 0 0 0 0 0 0.3 
0 0 0 0 0 0 0.3 
0 0 0 0 0 0 0.3 
1 0 0 0 0 0 O.3 
O 0 0 O 0 0 0.8 
1 0 0 0 0 0 O.3 

Herbicides 
Alachlor 0 0 O 0 0 0 1 0 0.3 
Atrazine 0 0 0 0 0 1 0 0 0.3 
Bentazon 0 0 0 0 0 0 0 0 O. 1 
Butylote 0 0 0 1 0 0 0 0 0.3 
Chloramben 0 0 0 0 0 0 0 1 0.3 
Cyanazine 0 0 0 0 0 1 0 0 0.3 
2,4-D 0 0 0 0 1 0 0 0 0.5 
Dicambo 0 0 0 0 0 0 0 1 0.3 
EPTC 0 0 0 1 0 0 0 0 0.3 
Glyphosete 0 0 0 0 0 0 0 0 0.3 
Linuron 0 0 O 0 0 0 O 0 0.5 
MCPA 0 0 0 0 1 0 0 0 0.3 
Metolachlor 0 0 0 0 0 0 1 0 0.5 
Metribuzin 0 0 0 0 O 0 0 0 0.3 
Paraquat O 0 O O 0 0 0 0 0.5 
Propachlor 0 0 O O O O 1 0 0.3 
Sodium chlorate 0 0 0 0 0 0 0 0 0.3 
2,4,5-T 0 0 0 0 1 0 0 0 0.5 
Trifluraltn 0 0 O O O O 0 0 0.5 

*Carcinogenic probobilffy value is created by combining the classifications from the IARC Monographs Programme on the Evaluation of Carcinogenic 
Risks to Humans and the US EPA Inlegrated Risk Information System. Assignment of carcinogenic probability by o~’der of priority: 1 .O i classified as a 
human carcinogen on either assessment; 0.9 - probable human carcinogen in both assessments; 0.8 - probable human carcinogen in one assessment 

human carcinogen in both assessments, or possible human carcinogen in one assessment and not assessed by the other group; 0.3 - not assessed by 
IARC or US EPA IRIS, or deemed unclassifiable in one or both assessments; 0.1 - evidence for non-carcinogenicity in either assessment. 
"fUsed the IARC assessment for arsenic and arsenic compounds. 

86 pesticides reported in all three of the pooled studies (many 

of these 86 pesticides were not included in the multivariable 
analysis of the set of 47 specific pesticides because of their 

infrequent use). The number of pesticides was coded using 
indicator variables ( 1 pesticide, 2~1 pesticides, 5 or more pes- 

ticides). Similar analyses were conducted for the number of 

insecticides and herbicides used. For those pesticides showing 

positive associations with NHL in the hierarchical regression 

analysis of 47 specific pesticides (nine pesticides total, see 

table 3), we conducted a similar analysis of the number of 

pesticides used, restricted to these "potentially carcinogenic’" 

pesticides. In addition to logistic regression analyses, we 

evaluated the effect of the number of pesticides used by hier- 

archical regression with an intercept-only model, in which all 

pesticide effects (those indicating number of pesticides, as 

well as the 47 specific pesticides) were assumed to have been 

sampled from a common prior distribution with an unknown 

mean and a residual variance of 0.35. 

Combined pesticide exposures 
We explored the risk associated with combined pesticide 

exposures, defined as two pesticides used by the same person, 

but not necessarily at the same time. For any two pesticides for 
which more than 75 persons reported use of both (represent- 

ing the 5% most common of all possible combinations of the 
47 pesticides), and at least 20 persons reported use of each of 

the two individual pesticides not in combination, we evaluated 

potential superadditivity of pesticide effects on NHL (the 
appendix contains a list of the pesticide combinations 

evaluated). Individual and joint effects were first estimated 
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Table 2 Characteristics of subjects in the study population* and those subjects included in analyses of multiple pesticidest 

Induded in analyses of multiple 
Pooled study pesticides 

Cases Co~ Cases Controls 
Charaderistics (n--870) (n=2569) OR (95% CLr)~ (n=650) (n= 1933) OR (95% CL) 

Study site 
Iowa/Minnesota 520 (60.9%) 1039 (40.4%) 1.0 436 (67.1%) 895 (46.3%) 1.0 
Kansas 153 (17.6%) 862 (33.6%) 0.3 (0.3 to 0.4)§ 101 (15.5%) 596 (30.8%) 0.3 (0.3 to 0.4~ 
Nebraska 187 (21.5%) 668 (26.0%) 0.5 (0.4 to 0.7)§ 113 (17.4%) 442 (22.9%) 0.5 (0.4 to 0.7) 

Respondent status 
Self respondent 545 (62.6%) 1413 (5&0%) 1.0 449 (69.1%) 1166 (60.3%) 1 ;0 
Proxy respondent 325 (37.4%) ! 156 (45.0%) 0.7 (0.6 to 0.9)§ 201 (30.9%) 767 (39.7%) 0.7 (0.6 to 0.8) 

Age (years) 
<40 53(6.1%) 280(11.0%) 0.7 (0.5to 1.0)§ 40(6.2%) 211 (10.9%1 0.7 (0.5 to 1.11 
40-59 196 (22.6%) 493 (19.3%) 1.5 (1.1 to 1.9}§ 160 (24.6%) 388 (20.1%) 1.6 (I.2 to 2.1) 
60-79 478 (55.1%) 1261 (49.4%) 1.4 (1.1 to 1.7)§ 355 (54.6%1 969 (50.1%) 1.4 (1.1 to 1.8) 
~>80 141 (16.2%) 521 (20.4%) 1.0 95 (14.6%) 365 (18.9%) 1.0 

Educational level 
Less than high school graduation 387 (45.2%) 1126 (44~7%) 1.0 276 (43.0%) 806 (42.4%) 1.0 
High school graduation or GED¶ 226 (26.4%) 629 (25.0%) 1.0 (0.9 to 1.3) 171 (26.6%) 467 (24.6%) 1.1 (0.9 to 1.3) 
Some college or vocational school 151 (17.6%) 457 (18:1%) 1.0 (0.8 to 1.2) 122 (1910%) 368 (19.4%) 1 ~0 (0.8 to 1.2) 
Col!ege graduate or more 93 (10~9%) 308 (12.2%) 1.0 (0.7 to 1.1) 73 (11.4%) 261 (13.7%) 0.8 (0.6 to 1.1) 

Ever lived or worked on a farm as an adult 
No 243 (28.1%) 780 (30.4%) 
Yes 621 (71.9%) 1780(69,5%) 

First degree relative with haematopaietic cancer 
No                      792 (9Z5%) 2452 (96~8%) 
Yes 64 (7.5%) 80 (3i2%} 

Histological subtype 
Follicular 243 (28.0%) 
Diffuse 334 (38.5%) 
Small lymphocytic 99 (11.4%) 
other 192 (22.1%) 

1:0 243 (37.5%) 775 (40.1%) 1.0 
1.1 (0.9to1,3) 405(62.5%) 1157(59.9%) 1.1 (0.9to 1.3) 

1.0 594 (92:8%) 1863 {96.7%) 1:0 
2.5 11.8to3.5) 46(7.2%)    63(3.3%) 2.3 (1L5to3.4} 

196 (30.1%) 
233 (35.9%) 
77 (11.9%) 
144 (22.2%) 

*Pooled study population limited Io males ond fallowing exclusions. 
1"Any observation with a missing value for any of the 47 multiple pesticides was not included in analyses. 
~Odds ratios (OR) and 95% confidence limits (CL). 
§Odds ratios far the matching factors are not interpretable far their relation with NHL, but are presented far comparison to adds ratios for the subgi’0up 
included in onalyses of multiple pesticides. 
¶GED, General Equivalency Diploma. 

using logistic regression in models including variables for the 

joint exposure and two individual exposures, the 45 other 

specific pesticides, age, and study site. Where the OR for the 

joint effect was 1.3 or higher, positive interaction on the addi- 

tive scale was evaluated using the interaction contrast ratio 

(ICR = OK ........... - OR= .................. - 
ICR values above 0.5 were considered indicative of superaddi- 

tivity, and these pesticide combinations were further analysed 

using hierarchical regression with an intercept-only model, in 
which all pesticide effects (those indicating joint and 

individual exposures to the two pesticides, as well as the other 

45 specific pesticides) were assumed to have been sampled 
from a common prior distribution with an unknown mean 

and a residual variance of 0.35. 

RESULTS 
Table 2 shows characteristics of men in the pooled studies. In 
the control population, which was representative of this part 
of the midwestern United States, approximately 70% of the 
men had lived or worked on a farm as an adult. There was a 
10% increased NHL incidence associated with living or work- 
ing on a farm as an adult; this increase is similar in magnitude 
to meta-analyses of farming and NHL mortality and 
morbidity? .,s Cases were slightly more likely than controls to 
have been directly interviewed, to be between the ages of 40 
and 79, and they were more than twice as likely to have a first 
degree relative with haematopoietic cancer. The subset of sub- 
jests included in analyses of multiple pesticides was less likely 
than those in the overall study population to be from the Kan- 
sas or Nebraska studies, to have lived or worked on a farm as 
an adult, or to have had a proxy respondent, and they were 
slightly more likely to be more highly educated; however, the 

relation of these factors with case status did not diffe~ 

between the overall study and the subset included in the 

analyses of multiple pesticides. 
Use of most specific pesticides was more frequent among 

cases than connols; however, most of the odds ratios were not 
increased in the multivariable models (table 3 ), primarily duc 
to adjustment for study site, since both the frequency of pes- 
ticide use and case-to-control ratios differed by study site. The 
results of the hierarchical regression analysis of 47 pesticides 

were generally similar to, but had somewhat more narrow 
confidence intervals than results from the logistic regression 
model. Only a few pesticides were associated with a possible 

increased NHL incidence (judged by OR ~> !.3 and lower con- 

fidence limit ~>0.8), including the organophosphate (OP) 
insecticides coumaphos, fonofos, and diazinon, the organo- 

chlorine insecticides chlordane and dieldrin, the insecticide 
copper acetoarsenite, and the herbicides atrazine, glyphosate, 
and sodium chlorate. There was also a significantly decreased 

risk associated with aldrin exposure. These suggested effects 

occurred in both the logistic and hierarchical regression 

analyses. For pesticides that had wider confidence intervals in 
the logistic regression model, odds ratios from the hierarchical 

model were generally closer to the null value, based on a pri- 
ori assumptions about the probable magnitudes of effect. For 

example, we assumed that the effect of sodium chlorate would 

be similar to that of other herbicides and other pesticides for 
which there was a low carcinogenic probability, and that after 

accounting for these prior covariates, the rate ratio would 

likely fall within a 10-fold range around its expected value. 

Based on these assumptions, a fourfold risk associated with 
the use of sodium chlorate in the logistic regression analysis 
was adjusted to a 1.8-fold risk using hierarchical regression. 

Although unstable estimates were adjusted, results of the 
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Table 3 Effect estimates for use of specific pesticides and NHL incidence, adjusting 
for use of other pesticides* 

E~ (. ~,)] 
Cases 
(n=650) Pesticides 

Insecticides 
Aldrin 47 (7.2%) 115 (5.9%) 0.5 (0.3 to 0.9) 0.6 (0.4 to 1.0) 
Bufencarb:~ 6 (0.9%) 12 (0.6%) 1.1 (0.3 to 3.7) i.0 (0.4 to 2.3) 
Carbaryl 30 (4.6%) 57 (2.9%) 1.0 (0,5 to 1.9) 1.1 (0.6 to 1.9] 
Carbofuran 41 (6.3%) 96 (5.0%) 0.9 (0.5 to 1.6} 1.0 (0.6 to 1.7) 
Chlordane 39 (6.0%) 65 (3.4%) 1.5 (0.8 to 2.6) 1.3 (0.8 to 2.1) 
Copper acetoarsenite 41 (6.3%) 68 (3.5%) 1.4 (0.9 to 2.3) 1.4 (0.9 to 2.1) 
Coumaphos 15(2.3%) 22(1.1%) 2.4 (1.0to5.8) 1.7 (0.9to3.3) 
DDT 98 115.1%) 226 (11.~/oI 1.0 (0.7 to 1.3) 1.0 (0.7 to 1.3) 
Diazinon 40[6.1%) 62(3,2%) 1,9 (1.1 to3.6) 1.7 (1.0to2.8) 
Dichlorvos 16 (2.5%) 37 (1.9%) 0.9 (0.4 to 2.0) 0.9 (0.5 to 1.7) 
Dieldrin 21 (3.2%) 39 (2.0%) 1.8 (0.8 to 3.9) 1.4 (0,8 to 2.6) 
Dirnethoate~t 5 (0.8%) 11 (0.6%) 1.2 (0.3 to 5.3) 1.2 (0.5 to 2.8) 
Ethoprop:l: 4 (0.6%) 14 (0.7%) 0.7 (0.2 to 2.9) 0.9 (0.4 to 2.1) 
Famphur 12 [1.8%) 34 (1.8%) 0.7 (0.3 to 1.7) 0.8 (0,4 to 1,5) 
Fly, lice, or tickspray 162(24.9%) 408(21.1%) 0.9 (0.7to 1.1) 0.9 [0.7to 1.1) 
Fonofos 28 (4.3%) 44 (2.3%) 1.8 (0.9 to 3.5) 1.5 (0.9 to 2.7) 
Heptochlor 28[4.3%) 53[2.7%) 1.1 (0.6to2.4) !.1 (0.6to2.0~ 
Lead arsenate 9 (1.4%) 25 (1.3%) 0.5 (0.2 to 1.2) 0.6 (0.3 to 1.3) 
Undarm 5919.1%) 109(5.6%) t.2 (0.7to2.0) !.2 (0,8tol.9) 
Malathion 53 (8.1%) 100 (5.2%) 1.1 (0.6to 1.8) 1.1 (0.Tto 1.7) 
Methoxychlor 9(1,4%) 20(1.0%) 0.8 (0.3to2.1) 0.9 (0,4tol.9) 
Nicotine 24 (3,7%) 50 (2,6%) 0.9 (0.5 to 1.6) 1.0 (0.6 to 
Phomte 28 [4,3%) 67 (3.5%) 0.8 (0.4 to 1.6] 0,9 (0.5 to I 
Pyrethrinst 6 (0.9%) 12 (0.6%) 1.0 (0.3 to 3.2) 1.0 (0.4 to 2.3) 
Rotenone 10 [1.5%) 26 (1.4%) 0.7 (0.3 to 1.~ 0.8 [0.4 to 1.5) 
Tetrachlorvinphos~t 3 (0.5%) tl (0.6%) 0.4 (0.1 to 1.8) 0.8 (0.3 to 1.9) 
Toxaphene 1712.6%) 34(1,8%) 1.1 (0.51o2.4) 1.1 (0,6to2.0) 
Terbufos 21 (3.2%) 50 (2.6%) 0.8 (0.4 to 1.8) 0.8 (0.5 to 1.6) 

Hierarchical 

Herbicides 
Alachlor 68 (10.5%) 152 (7.9%) 1.1 (0.7 to 1.8) 1.0 (0.6 to 1.6) 
Atrazine 90 (13.8%) 185 (9.6%) 1.6 (1.1 to 2.5) 1.5 (1.0 to 2.2) 
Bentozon 22 (3.4%) 58 (3.0%) 0.7 (0.3 to 1.5) 0.8 (0.4 to l 
Bulylate 28 {4.3%) 56 [2.9%) 1.2 10.6 to 2.3) 1.2 (0.7 to 2.0) 
Chloramben 34 {5.2%) 81 (4.2%) 0,9 (0.5 to 1.6) 0.9 {0.5 to 1.5) 
Cyanazine 37 (5.7%) 96 (5.0%) 0,6 (0,3 to 1.0) 0.6 (0.4 to 1.1) 

, 2,4~D 123(18.9%) 314(16.2%) 0.8 10,6to 1.1) 0.9 (0,6to 1.2) 
Dfcamba 39(6.0%) 79(4.1%) 1.2 (0.6to2.3) 1.2 (0,7to2.1) 
EPTC+protectont 13(2.0%) 29(],5%) 1.2 (0.5to3.1) 1.1 (0.5to2.3) 
Glyphosate 36(5.5%) 61 (3.2%) 2.1 (1.1 to4.0) 1.6 (0.9to2.8) 
Unuron 5 (0.8%1 22 (1.1%1 0.3 (0.1 to 1.2) 0.5 (0.2 to 1.2) 
MCPA 8 (1.2%) 16 (0.8%) 1.0 (0.4 to 2.6) 0.9 (0.4 to 2.0) 
Metolachlor 13 (2.0%) 37 (1.9%) 0,7 (0.3 to 1.6) 0.7 (0.4 to 1.5) 
Metribuzen 20(3.1%) 5312.7%) 0.8 (0.4 to 1,7) 0.8 (0,4to 1.5) 
Paraquat~ 2 (0.3%) 15 (0.8%) 0.1 (0.02 to 0.7) 0.5 (0.2 to 1.2) 
Propachlor 20 (3.1%) 50 [2,6%) 1.0 (0.5 to 2.0) 1.0 (0.6 to 1.9) 
Sodiumchloratet 8(1.2%) 7(0.4%) 4.1 (1.3to 13.6) 1.8 (0.8to4,1) 
2,4,5-T 25 (3.9%) 63 (3.3%) 1.0 (0.5 ~ 1.9) 0.9 (0.5 to 1.6) 
Trifluralin 52 (8.0%) 120 (6.2%) 0.9 (0.5 to 1.6) 0.9 (0.5 to 1.4) 

*Each estimate is adjusted for use of oil olher pesticides listed in table 3, age, and sludy site. 

:~’ri-t~;i~-fo~’i~c’~t~’si~’~n’tTn~-r~l~l’~’~’~’~ ’c~’~,~i~i~:~e use frequency of ~>20; however, some pesticide use 
frequencies are <20 in the multivariable models since observations with missing values were dropped. 

hierarchical model including prior covariates and those from 

the hierarchical intercept-only model were virtually identical 
Iresults for intercept-only model not shown), indicating that 

the prior covariates representing pesticide category and carci- 
nogenic probability were not important determinants of the 
variability between the observed effects, and that adjustment 

of estimates primarily occurred because of the a priori restric- 
tion on their variance. Indeed, a linear regression analysis of 

the 47 logistic regression beta coefficients for the pesticides 

regressed on the prior covariates found no statistically signifi- 
cant associations (at a significance level of p < 0.05; results 

not shown). 
Among the farmers who used pesticides, the number of 

total pesticides ever used ranged between 1 and 32, but 

approximately 50% of farmers reported using only one or two 
pesticides. There was no association between NHL incidence 

and either the total number of pesticides or herbicides used 
(see table 4). There was a 40% increased incidence associated 
with the use of five or more insecticides; however, there was no 
apparent exposure-response trend. In an analysis of the 
number of "’potentially carcinogenic" pesticides, NHL inci- 
dence increased by the number of pesticides used by the sub- 
ject. Subjects who reported using any five or more "potentially 
carcinogenic" pesticides were twice as likely to be NHL cases 
than controls, compared to those using no pesticides. The 
results for "potentially carcinogenic" pesticides were highly 
sensitive to removal of certain pesticides from the count, 
including dieldrin, atrazine, or glyphosate. For example, 
removal of glyphosate from the count resulted in a lack of 
trend for increasing number of "’potentially carcinogenic" 
pesticides ( 1 pesticide: OR = 1.2; 2-4 pesticides: OR = 1.2; ~>5 
pesticides: OR = 1.1 ). 
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Table 4 Effect of number of pesticides used on NHL incidence* 

Exposed [n (~)] 
Number of 
pesticides Cases Conlrols Logistic regression 

used (n =650) (n= 1933) OR (95%CL)t 

Any pesticide 
0 370 1252 1.0 
1 89 (13.7%) 230 (11.9%) 1.2 (0.8 to 1.8) 
2-4 87 (I 3.4%) 221 (11.4%) 1.0 (0.6 to 1.6) 
~>5 104 (16.0%) 230 (11.9%) 0.8 (0.4 to 1.9) 

Any insecticide 
0 382 1292 1.0 
1 114(17.5%) 281 (14.5%) 1.3 (0.9to 1.9) 
2-4 86 (13.2%) 237 (12.3%) 1.0 (0.5 to 1.8) 
~>5 68 (10.5%) 123 (6.4%) 1.9 (0.6 to 5.7) 

Any herbicide 
0 489 1544 1.0 
1 50 (7.7%) 132 (6.8%) 1.0 (0.6 to 1.9) 
2-4 52 (8.0%) 132 (6.8%) 0.8 (0.4 to 1.9) 
~>5 59 (9.1%) 125 (6.5%) 0.8 (0.2 to 3.3) 

Hierarchical regression 
o3195% CL) 

1.0 
1.1 (0.9 to 1.7) 
1.0 (0.7 to 1.5) 
1.0 (0.5 to 1.8) 

1.0 
1.2 (O.9 to 1.7) 
0.9 (0.6 to 1.4) 
1.4 (0.7 to 2.9) 

1.0 
1.] {0.7 to 1.7) 
1.0 (0~6 to 1.6) 
1.0 (0.5 to 2.2) 

"Potentially carcinogenic" pesticides 
0 496 1632 1.0 1.0 
I 74(11.4%) 168(8.7%) 1.6 (0.8to3.1) 1.1 (0.Sto 1.7) 
2-4 68 (10.5%) 123 (6.4%} 2.7 (0.7 to 10.8) 1~3 (0.7 1o 
~>5 12 (1.8%} 10 (0.5%) 25.9 (1.5 to 450.2) 2:0 (0~8 to 5.2) 

*Each estimate is adjusted for use of all pesticides listed in table 3, age, and study site. 
J’Odds ratios (OR) and 95% confidence limits (CL). 

The analysis of 48 pesticide combinations in relation to NHL 

incidence revealed few joint effects of 1.3 or higher that were 

indicative of superadditivity (table 5 ). Combined exposures to 

carbofuran and atrazine, diazinon and atrazine, and alachlor 
and atrazine had estimated joint effects that were more than 

additive (ICR ~>0.5), even following shrinkage in hierarchical 

regression analyses. Other joint pesticide effects which 

seemed indicative of superadditivity in results from logistic 

regression analyses, such as that for atrazine and dicamba, 

were probably misleading due to imprecision of estimates; 
these results did not hold up following shrinkage in hierarchi- 

cal regression analyses, according to our prior distribution of 

complete exchangeability. 

DISCUSSION 
Incidence and mortality rates for NHL have been generally 
increasing in the United States and in most industrialised 

countries for several decades, with an 85-100% increase in 

Table 5 Estimaled individual and joint effects of pesticide combinations on NHL 
incidence* J" 

Chlordane and DDT 
Neither 543 1687 1.0 1.0 
Chlordane only 9(1.4%) 20(1.0%} 1.1 (0.4to2.7) 1.0 (0.Sto 1.9) 
DDT only 68 {10.5%) 181 (9.4%) 0.9 (0.6 to 1.3) 0.9 (0.6 to 1.2) 
Both 30 [4.6%) 45 (2.3%) 1.7 (0.7 to 3.2) 1.3 (0.8 to 2.3) 

Carbofuran and atrazine 
Neither 557 1728 1.0 1.0 
Ca~bok, r~n only 3 i0.5%) 20 {i .0%i 0.2 10-i ~o i .i1 0.6 (0.3 ~o 
Atrazine omy 52 (8.0%) 109 (5.6%) 1.4 (0.9 to 2.2} 1.3 (0.9 to 1.9) 
Both 38 [5.9%) 76 (3.9%} 1.6 (0.8 to 3.3} 1.5 (0.9 to 2.7) 

Diazinon and atrazine 
Neither          551 1730 1.0 1.0 
Diazinononly 9(1.4%) 18(0.~/o) 1.2 (0.51o3.1) 1.1 (0.51o2.3) 
Atrazine only 59 (9.1%) 141 (7.3%) 1.5 (1.0 to 2.3) 1.3 (0.9 to 1 
Both 31 {4.8%) 44{2.3%) 3.9 (1.7to8.8) 2.3 (1.2 to4.2) 

Alachlor and atrazine 
Neither 545 1695 1.0 1.0 
Alachlor only 15 [2.3%) 53 (2.7%) 0.7 (0.3 to 1.3) 0.7 (0.4 to 1.3) 
Atrazine only 37 !5.7%) 86 (4.5%) ! .3 (0.8 to 2.1) 1.2 (0.8 to 1.8) 
Both 53(8.2%) 99(5.1%) 2.1 (1.1 to3.9) 1.6 {1.0to2.7) 

Atrazine and dicamba 
Neit~r 552 1729 1.0 1.0 
Atrazine only 59 (9.1%) 125 (6.5%) 1.5 (1.0 to 2.4) 1.4 (0.9 to 2.0) 
Dicamba only 8 (1.2%) 19 (1.0%) 0.9 (0.3 to 2.6) 1.0 (0.5 to 2.0) 
Both 31 (4.8%) 60(3.1%) 2.1 (1.0to4.7) 1.6 (0.91O2.9) 

*Effects of combined pesticide exposures were estimated in models including terms for the joint exposure, 
two individual exposures, the use of each other pesticide listed in table 2, age, and study site. 
tPesticide combinations considered are listed in the appendix. 
$Odds ratios (OR) and 95% confidence limits (CL). 
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mortality among whites and non-whites from the late 1940s 

to the late 1980s,-’~ a time period relevant for this study¯ This 
increase may be partially attributed to improved diagnosis and 

in later years to AIDS related lymphomas, but cannot be com- 

pletely explained by these factors.27 Environmental factors 

such as pesticides could play a role in this persistent increase, 

since their use became more widespread during this time 

period.-’~-3° Several aetiological mechanisms of pesticides in 

relation to NHL have been proposed, including genotoxicity 

and " " "    " ’~ lmmunotox~c~ty,    increased cell proliferation," and 
chromosomal aberrations.~" In our analysis of multiple 

pesticides in farming, we found only a small number of the 

pesticides to be risk factors for NHL, with the highest 

increased risks among subjects exposed to five or more of 

these "’potentially carcinogenic" pesticides, or those with cer- 

tain combined pesticide exposures. 
The large number of exposed subjects in this pooled analy- 

sis allowed adjustment for the use of other pesticides, and 
hierarchical regression modelling resulted in estimates that 

were in some instances more stable than those from logistic 
regression models. However, the effect estimates from the 
logistic and hierarchical analyses were quite similar overall, 

with a few standout exceptions. The hierarchical results are 
more conservative than those from the logistic regressions, 
given the uninformed nature of the prior distributions we 
specified, particularly in analyses of the number of pesticides 

used and combined pesticide exposures. For example, in the 
hierarchical regression analysis of the number of pesticides 

u~cu, wc a~ui,cu that the ..... ~ ally fiv,~ or niore pesticides 
~vas no more likely to be associated with NHL than use of any 

one pesticide. A less conservative prior distribution could have 
been specified in which a higher probability would be placed 
on a positive association for the greater number of pesticides 

used. However, the uninformed nature of these priors seemed 
appropriate in a largely exploratory analysis of multiple expo- 

sures for which there is little prior knowledge about how pes- 
ticide exposures interact in relation to the risk of NHL. Both 
analyses showed increasing odds ratios with the number of 
"potentially carcinogenic" pesticides used, but the relative 

risks in the upper category were substantially different--25.9 

for the logistic regression and 2.0 for the hierarchical 
analysis--probably indicating inappropriate use of logistic 

regression for these sparse data. 
Adjustment for multiple pesncMes suggested that there 

were few instances of substantial confounding of pesticide 
effects by other pesticides. Nevertheless, some previous 
findings in our data appear to be due to confounding by corre- 

lated pesticide exposures. In particular, a previously reported 
positive association for carbaryl" was not replicated in the 
adjusted analyses. Further analysis here revealed that carbaryl 
and diazinon use were highly associated (p < 0.001 ), and pre- 
viously reported associations of different carbaryi measures 

with NHL were eliminated by adjustment for diazinon, 
including carbaryl use, personal handling of carbaryl, and use 
longer than 10 years. In the previous analysis, estimates were 

adjusted for groups of pesticides, including a group for 
organophosphate insecticides," but adjustment for specific 
pesticides here gave different results. Similarly, previous 

observations of increased NHL risk associated with use of the 
OP insecticides dimethoate and tetrachlorvinphos~ were neg- 
ligible on inclusion of other OP insecticides in the model. 

These findings underscore the importance of considering cor- 

related pesticide exposures. 

Our observation of increased risk associated with the use of 
certain OP insecticides, including coumaphos, diazinon, and 

fonofos, is consistent with previous analyses of the pooled 
data,~.~ .,o and also corroborates findings of other studies.~ ’~ OP 

insecticides are known to cause cytogenetic damage, and 

could thereby contribute to NHL aetiology.’~ There are data 

from in vitro, animal, and human studies that show effects of 
several OP insecticides on the immune system,’~° indicating 

another potential mechanism. OP compounds may impair 
immune function through pathways involving cholinergic 

stimulanon, or inhibition of serine esterases found in mono- 
cytes, natural killer cells, and cytotoxic T lymphocytes,~-’ but it 

is unknown whether such immune effects might be chemical 
specific or related to general OP toxicity. Our data do not indi- 

cate an aetiological mechanism for NHL common to all OP 

insecticides, since increased NHL incidence was associated 
only with certain OPs evaluated. 

We observed a possible effect of the organochlofine insecti- 

cides chlordane and dieldrin. There is some evidence that 
chlordane is immunotoxic, causing decreased lymphocyte 
function in vitro?’ The concentration of chlordane in adipose 

tissue was higher among NHL cases than controls in a small 
case-control study in Sweden," but a larger study in the 

United States found no such association?~ Although these 

chemicals have been banned in the United States, their 
continued use in some developing countries, and bioaccumu- 
lation of their chemical residues in the food chain,"~ justify 

further research on health effects. 

Use of the herbicide atrazine was associated with increased 
risk of NHL. Increased risk was observed in each of the three 
pooled studies separately, but a previous analysis of the 

Nebraska study data found that the risk was diminished on 
adjustment for use of OP insecticides and 2,4-D?° There have 

been few other epidemiological studies of atrazine in relation 
to NHL. In a cohort of triazine herbicide manufacturing work- 

ers, there was an excess number of deaths from NHL (n = 3) 
....... ~, _ ~,.~ ...................... or v .... ~,~ exposure; 
however, some of the cases worked in triazine related jobs for 

short time periods, thus clouding interpretationf A recent 
NHL study where cases were further distinguished by 
presence or absence of the t(14;18) chromosomal transloca- 

tion found that the risk of NHL associated with atrazine use 
was solely observed among t( 14; 18) positive cases, suggesting 

a cytogenetic mechanism." However, there is only very limited 
evidence for genotoxicity of atrazine, although there are no 

studies in humans?~ A small number of studies of atrazine on 
immune function in rodents and in vitro suggest a decreased 

lymphocyte count and cytokine production following expo- 

sure; however, these effects were not always dose dependent or 
statistically significant." ~ ~ In our data, there was an indica- 

tion of superadditive effects of atrazine in combination with 

ca~’bofuran, diazinon, or alachlor. This is a factor to consider in 
future studies of this widely used pesticide. 

Glyphosate, commercially sold as Roundup, is a commonly 

used herbicide in the United States, both on crops and on 
non-cropland areas]° An association of glyphosate with NHL 

was observed in another case-control study, but the estimate 
was based on only four exposed cases)’ A recent study across 

a large region of Canada found an increased risk of NHL asso- 
ciated with glyphosate use that increased by the number of 

days used per year? These few suggestive findings provide 

some impetus for further investigation into the potential 
b.eahh effects of glyphosate, even though one review 

concluded that the active ingredient is non-carcinogenic and 

non-genotoxic.~° 

Much attention in NHL research has focused on the herbi- 
cide 2,4-D as a potential risk factor, and several studies have 

observed positive associations with 2,4-D exposure.*~ 
Whereas an indicated effect of 2,4-D exposure on NHL was 

reported in NCI’s Nebraska and Kansas studies,~ ~ this analysis 

of the pooled data found no association with having ever used 
2,4-D. The null association does not result from adjustment for 
other pesticides, missing data, or from the hierarchical 

regression medelling approach, but is rather due to pooling 

data from the Iowa and Minnesota study, in which no associ- 

ation of 2,4-D with NHL incidence was observed, with data 
from the Nebraska and Kansas studies. The literature on the 

relation between 2,4-D and NHL is not consistent.’~ ~ Some 
recent studies have reported excess risk among 
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manufacturer�’ and farmers,~ while others have not.~ The 
study in Nebraska/however, observed that NHL risk increased 

by number of days per year of 2,4-D use, which we were unable 

to duplicate in the pooled analysis because of lack of such data 
from the other two studies. It is possible that a more refined 
metric incorporating frequency of use better captures relevant 

exposure. Some recent studies may shed light on potential 
mechanisms of 2,4-D in relation to NHL. A study of 10 farm- 

ers who applied 2,4-D and MCPA observed a significant 
reduction of several immune parameters, including CD4, CD8, 

natural killer cells, and activated CD8 cells (expressing the 

surface antigen HI,A-DR), and a reduction in lymphoprolifera- 
tive response.~ Furthermore, a study of professional 2,4-D 

applicators in Kansas observed an increase in the lymphocyte 
replication index following application." 

This pooled study of multiple agricultural pesticides 

provided an opportunity to estimate the effect of each specific 

pesticide and certain pesticide combinations on NHL inci- 

dence, adjusted for the use of other pesticides. Overall, few 
pesticides and pesticide combinations were associated with 

increased NHL risk; this has several implications. First, it is 

consistent with results from bioassays where only a few of the 

pesticides tested have caused cancer in laboratory animals/~ 
Although epidemiological data on cancer risks from exposure 

to specific pesticides are scant, it also suggests that while some 
pesticides may present a cancer risk to humans, many, maybe 

even most, pesticides do not. Second, the fact that there were 

few associations suggests that the positive results we observed 
are not likely to be due to a systematic recall bias for pesticide 

exposures, or selection bias for the subgroup included in the 

analyses of multiple pesticides. Third, although some of the 
positive results could be due to chance, the hierarchical 

regression analysis placed some restriction on the variance of 
estimates, theoretically decreasing the chances of obtaining 

false positive results. On the other hand, it is possible that the 

assumptions for the hierarchical regression are too restrictive 

and that this has increased the number of false negatives. 

Certain limitations of our data hinder the inferences we can 
make regarding specific pesticides in their association with 

NHL. Our exposure metric of having ever used a pesticide is 

rather crude, offering no distinctions based on use by the 

number of years or the number of days per year. Further 

exploration of observed associations by more refined exposure 

metrics is warranted. In addition, this analysis provides no 

information on the timing of pesticide use in relation to 

disease onset or in conjunction with the timing of other pesti- 

cides used. This has particular relevance in our analysis of 
"combined pesticide exposures", in which two pesticides may 

or may not have been used at the same time or even during the 

same year. Lastly, ifa study subject had a missing value for any 
one of the 47 pesticides evaluated, that person was excluded 

from analyses, resulting in analyses on a limited subset (about 

75%) of the pooled study population. Although we have no 

way to evaluate potential bias due to missing data, some 

assurances are provided by the fact that cases and controls 

were equally likely to be included in analyses, and that there 
were similarities between the entire group of study subjects 

and subjects included our analyses, in terms of NHL status in 
relation to demographic factors (table 2). If simultaneous 

analysis of multiple exposures is to become standard, statisti- 
cal techniques to impute values for subjects with "don’t 

know" or missing responses should be further developed in 
order to prevent biased results. 

Despite limitations of our study, certain inferences are pos- 

sible. Our results indicate increased NHL incidence by number 

of pesticides used, only for the subgroup of "potentially carci- 

nogenic" pesticides, suggesting that specific chemicals, not 
pesticides, insecticides, or herbicides, as groups, should be 
examined as potential risk factors for NHL. In addition, argu- 

ment against an analysis approach focused on classes or 

groups of pesticides is provided by the fact that our prior cov- 
ariates of pesticide classes and groups in the hierarchical 

regression model were not important predictors of the magni- 

tude of observed pesticide effects. A chemical specific 
approach to evaluating pesticides as risk factors for NHL 

should facilitate interpretation of epidemiological studies for 
regulatory purposes. However, the importance of additionally 

considering multiple correlated exposures is clear. 

APPENDIX 
Table A1 shows the pesticide combinations considered in 
analyses of joint and individual exposures. 

Table A1 
exposures 

Pesticide combinations considered in analyses of joint and individual 

DDT and chlordane 
DDT and lindone 
DDT and malathion 

- DDT and fly, !ice, or tick spray 
DDT and aldrin 
Undone and malathion 
Undone and aldrin 
Malathion and aldrin 

Insecfidde and herbichle 

Aldrin and alachlor 
Aldrin and atrazine 
Aldrin and 2.4-D 
¯ ~Jdrin and ~iffura]in 
Carbofuran and alachlor 
CarboE~ran and atrazine 
Carbofuran and 2,4-D 
Chlordane and 2,44) 
DDT and alachlor 
DDT and alrazine 
DDT and 2,40 
DDT and trifluralin 
Diazinon and alrazine 
Fly, lice, or tick spray and alachlor 
Fly, lice, or tick spray and atrazine 
Fly, lice, or tick spray and 2,4-D 
Fly, lice, or tick spray ond trifluralin 
Lindane and alachlor 
Lindane and atrazine 

Undane and 2,4-D 
Undone and trifluralin 
Malathion and alachlor 
Malathion and atrazine 
Malathion and 2,4-D 

Alachtor and atrazine 
Alachlor arc] chloramb~n 
Alachlor and cyanazine 
Alach~- and 2.4-D 
Alachlor and dicamba 
Alachlor and glyphosate 
Alachlor and trifluralin 
Atrazine and cyanazine 
AWazine and 2,4-D 
Atrazine and dicomba 
Alrazine and gtyphosate 
Atmzine and t~ifiurafin 
Chloramben and trifluralin 
Cyanozine and 2,4-D 
Cyonazine and trifluralin 
2,4-D and trifluralin 
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