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UNITED STATES DISTRICT COURT 

NORTHERN DISTRICT OF CALIFORNIA 

IN RE: ROUNDUP 

PRODUCTS LIABILITY 

LITIGATION 

THIS DOCUMENT RELATES 

TO ALL CASES 

MDL No. 2741 

Case No. 

16-md-02741-VC 

SATURDAY, APRIL 8, 2017 

CONFIDENTIAL - SUBJECT TO PROTECTIVE ORDER 

Videotaped deposition of John 

Acquavella, Ph.D., Volume II, held at the 

offices of HUSCH BLACKWELL, L.L.C., 190 

Carondelet Plaza, Suite 600, St. Louis, 

Missouri, commencing at 9:11 a.m., on the 

above date, before Carrie A. Campbell, 

Registered Diplomate Reporter, Certified 

Realtime Reporter, Illinois, California & 

Texas Certified Shorthand Reporter, Missouri 

& Kansas Certified Court Reporter. 

EXHIBIT d-- \..} _ J le 
WIT: QuJ C CJ ' 
DATE: 9 I~ /I"\ 
Maureen Pollard, AMR 

Golkow Technologies, Inc. - 1.877.370.DEPS 
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1 MR. MILLER: Excuse me, 

2 Counsel. I don't have a copy yet. 

3 Thank you. All right. I have 

4 it now. 

5 QUESTIONS BY MR. COPLE: 

6 Q. Do you remember that exhibit, 

7 

8 

9 

10-5? 

A. 

Q. 

Yes. 

Now, do you remember yesterday 

10 with respect to Exhibit 10-5 counsel asking 

11 you questions regarding California's 

12 Proposition 65? 

13 A. Yes. 

14 Q. Now, as a nonlawyer, are you 

15 aware whether Prop 65 was triggered by a 

16 finding issued by IARC? 

17 A. You know, I've heard that. It 

18 didn't occur to me yesterday when I was 

19 giving testimony, but I know that IARC 

20 decisions have an effect in lots of 

21 jurisdictions, and California is one of them. 

22 Q. IARC determined, based on 

23 hazard identification, that glyphosate, in 

24 its view, is a probable carcinogen. 

25 Is that a correct finding? 

Golkow Technologies, Inc. - 1.877.370.DEPS 
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1 A. Right. So I say yes in the 

2 context that they don't consider, you know, 

3 feasibility, necessarily, or plausibility, 

4 first, based on the amount of likely exposure 

5 and the frequency of exposure that people who 

6 have contact with the chemical are likely to 

7 have. 

8 So that's -- the shorthand for 

9 that is hazard identification, so, yes, in 

10 that context. 

11 Q. Did IARC get the science 

12 correct? 

13 A. We think science -- we think 

14 IARC got the science wrong, and we think they 

15 got the science wrong in many different 

16 areas, toxicology, genotoxicity, and also had 

17 a different interpretation of the 

18 epidemiology than the IARC epidemiology 

19 working group. 

20 Q. Based on your scientific review 

21 for your expert epi panel as part of 

22 Intertek, did you find that there's evidence 

23 of carcinogenicity with exposure to 

24 glyphosate? 

25 MR. MILLER: Expert. 

Golkow Technologies, Inc. - 1.877.370.DEPS 
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Cancer 
Resear_., 
Centre 

An Detailed Evaluation of Glyphosate Use 
and t_t:1~ Risk of Non-Hodgkin Lymphoma in 
the-North-Arnerican Pooled Project (NAPP) 

CSEB Conference I Mississauga, ON I June 3, 2015 

s a cancer-free workplace 
EXHIBIT~ l.J _ ,2] 
WIT: (\l~i§s=c 
DATE: -1, \ 
Maureen Pollard, AMR 
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Abocft:NHL and Glyphosate . 

NHL is ... 

• A cancer that starts in the lymphocytes 

• Heterogeneous, according to type of cell 
affected 

Glyphosate is ... 

• A broad-spectrum herbicide 

• Commonly known as "Roundup" 

• The most frequently used herbicide in the world 

ocx 

P!S'TlCIDf: 
ADPLICA1tON 

W~cff 

!J/'fTIJ.~ 

'~~~-- 

1bwanb a r.anciar-frae woricpl ace 
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IARCFtva-luation of Glyphosate 0(~ 

• Limited evidence of NHL in humans and sufficient 
evidence of cancer in animals 

• Mechanistic evidence of genotoxicity and oxidative 
stress 

• Classified as Group 2A (probably carcinogenic) 

Carcinogenicity of tetrachlorvinphos, parathion, malathion, 
diazinon, and glyphosate 
In March, 2015, 17 experts from 
11 countries met at the tnteruational 
Agency for Research on Cancer (!ARC; 
Lyon, t-rnnce) lu .~5t:SS lhe carcino 
genkity of the orqanophosphate 
pc~.ilit.iclP~ lulranhlnrvinphos, parathion, 
malathion. diazinon, and glyphosate 
(lahlc). Those a~se';~rni:'.nl~ will bi'. 
published as volume 112 of the !ARC 
Monographs.' 
Tin, insecticides telrachlorvinphos 

to the bloactivc rnctaboltto, paraoxon, 
1s similar across species. Although 
bacterial mutaqenesis tests were 
T1l>gc1liv1:, parathion induced ONA am! 
chromosomal damage in human cells 
in vitro. Parathion rnarkcdiy incroasorl 
rat rnammaiy gland terminal end 
bud dcn'..;il.y.s Parathion use has been 
severely restricted since the 1980s. 
The insecticides malathion and 

diazinon were classified as "probiilily 

aqqrcssfvo cancers after adjustment for 
other pesticides.' In mice, malathion 
increased hepatocellular adenorna 
or carcinoma (combined)." In rats, 
it Increased thyroid carcinoma in 
males, hcpal nrc~ll< 1lar ;,.1,lcn:H11t1 •:>r 

carcinoma (combined} in females, 
and rnarnrnary qland a1 lcnorarcinuma 
after subcutaneous injection in t•ni:c10tiC"..!w1; 
females:' Malathic,n is rapidly absorbed ruh,!,.,,J f.l.,i;.,. 
and distributed. Metabolism lo U1c M'"h 20- :;ci; 

htt,,..;,rhtAnr.to.'10 \~1ht 

bwards a r.anoal'-frae workpl ace 
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Design-of Case-Control Studies 0(~ 

INCIDENT CASES 

t 
POPULATION-BASED CONTROLS 

t 
CANCER REGISTRIES, HOSPITALS TELEPHONE LISTS, VOTERS' LISTS, 

HEALTH INSURANCE RECORDS, 
MORTALITY RECORDS 

~ INITIAL QUESTIONNAIRE / 
(IN PERSON, PHONE, MAIL) 

/ ~ 

EXPOSED CASES AND CONTROLS 
~ CUTOFF 

~ 

EXPOSED CASES AND CONTROLS 
< CUTOFF 

/ 
SUPPLEMENTAL PESTI Cl DE 

QUESTIONNAIRE 

1owards a ranc»l'-fme woricpl ace 
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ocx 

Study EVER/NEVER DURATION 
# Years 

FREQUENCY 
# Days/Year 

LIFETIME 
DAYS 

# Years x 
# Days/Year 

I,:! I 1,, I,:! I 1" I,:; I" I,:, l1:,!E,:,:i8;,:,;;l;s,:!a,,:,l;dls,::;l1:, 8 1,: d 1:, Is,: a,:,,•;!°!; 1:,8 :,;;,8 ,:,,a :,:,8 m,I :,:,a ,:Im 8 1,: 8 ,:! I,,:! a,:,, a H~ : ~~,~t~j~~~1Rt~::::::!:::::~::::::::::::::: ~~:::: :\:1:11!1: :1~1:1:1:1:::i:::::: :>t:::: n;! 
Kansas ../ X X X 

························~· • iii I tiinl\J e l:_j FtfS k a ii;( • ;J; I '11! I ;(! I nit «'iii I nit I ;n; 

•••••••••••••••••••••••••• ::::!!:::::~::::!:::::::::: ~~:::: ::!:!:::::::~::::::::::: 
Canada ../ ../ ../ ../ 

bwants a r.anc.el'-t'Ne workpl ace 
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ConceRtual Framework for Analysis QC~ 

Glyphosate Use NHL Risk 

Ever/Never 
Duration 

Frequency 
Lifetime days 

Overall 
FL 

DLBCL 
SLL 

Other 

Age, sex, state/province, 
lymphatic/hematopoietic cancer in a first 
degree relative, use of proxy respondent, 

use of any PPE, use of 2,4-D, use of 
dicamba, use of malathion 

Covariates bwards a rancial'-fme woricplac:e 
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P~oxy::~-~spondent Analysis ocx 

Glyphosate Use NHL Risk 

Ever/Never 
Duration 

Frequency 
Lifetime days 

Proxy and self-respondents 
lit. Self-re~pandents only 

Overall 
FL 

DLBCL 
SLL 

Other 

Age, sex, state/province, 
lymphatic/hematopoietic cancer in a first 
degree relative, use of any PPE, use of 
2,4-D, use of dicamba, use of malathion 

Covariates bwanb 8 r.&IIWl'-f'Ne W'Oricplac:e 
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SelectedCharacteristics of NHL Cases . I ~ '.........._ ' "' t 

and <l:ontrols 
()(~ 

Variable Cases(N) Controls (N) OR (95% Cl) 
IN·' I''' I'''."" I'"'. "I •• ,,·11 "'I'" I"' Im 11• '" r:11,p· rcrnn1 I "1 •"'. r,,1. ~I 1:1. ©fll "'.'"I l1i"1i•"'lil1"~1.!'~111~''l•'"iili"m11 i !!! 1!!!! 1H!! !!!!!! li!H !!ii .. !! l!!!! !!!!! !!!!! !!!!!! 11 !!!!! &,;,l..L:. L:J''U l!J!t I!!!! :!!!, -.J.. ~ :a:. !!!!! !!!!! l :.'!!!l. H!!!!:t ~!!: I ..?!'.l la!!! eeen , :!!!i. 

ser ;;;;; iiii! sm ,;;;; II! IHII nan ;;m u•1 ;m, .H' jiiil' 'ii<: ··~ ii f~il ;.::ii •u .... . , ,.ii iu •u ;;;;;; i i na ! 1 1,:1;; . ;;;;; ; I ii!:il !!i! ' ! .,,. ! I m 1,,,. • "' • "' • "' • "' • 1,1 • "' • ,,, • ,,, • .... •,,,a 1,n ,.,1 • ,,, u u 1,M • ,..,. '" • i, .. '" w .... • ...i • 1, .. ,,,.a,.,1.•,,,,1•1,,1.a,,,,1•1,,1,a,,,,.a,,, 

Histological sub-type 
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Diffuse (DLBCL) 
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Other 
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: lfl~q{fgg::::::::::::::.: :: i: i; i: i; :; i;:; i: i; i: i i!::i:::::::i:;:::::i:::::::~ 

U.S. 1177 3625 
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Respondent type 
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bwanb a cancial'-frM workplace 
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Selected-Characteristics of NHL Cases ocx 
and <tontr'ols (Continued) 

Variable Cases (N) Controls (N) OR (95% Cl) 
·,·~! I ~!i I ai'•i I ~! JI ~i I ~ I ~! I i!~ I !~1 I ~!; !I i!r. (:I !~! I HJ.I I I~ I !~l • H.!i I ~~ I !~! 'ar,!; I ~ I ~ I ~ [I !~! •• ~!, I i!~ I !~! I ~!1 I 1!/ I !~! I ~!i I .... -;;; .. .., .. :,i,,, .. .,, ;,1 ,.··.~ -· ; ·.-·.· · ~ · ;..· ·.· ·, ····· , .. 
ifii -~mp Qil£tO,f~t!l11€11f6JfJO!,elLCi<J.Dnfie{dl9 tDmiJ1~it ~: :S_:grf!e~rre,<Jt~\Lli! • i~i • iF.ii I luF. ii i;F.i I ,;m • m; 

Yes 139 202 2.10 (1.67, 2.63) 
I iji I t.J.Jil!)II ii] I I mi I i;; ii iii I : iii.I 11: ii.I I I '.;iii ii Ii.Ii I i.111 I iii ;;; I 14J ~ ,31 ~ii I ii I ill I 1;14ry9u:1 I 111 I ii ill I Ii.I I Ill I li I ~; I ~; I ~; I 
,rn•.rn1a .. rn1•.Jr:11a.m: •. ;;:11a.u:u1a.m1•.u,11a .. wa Ica.1:,ia:,, • 1,u1 11 m • :u, • ;:, 1 ,,. • :Ui • ,:, • :,: • ;:, •:,:Ii!• :Ui • u:1 • ,ii 11 :11 •:Ji•~=!• :Ji 

Unknown/missing 58 139 ·~~e,n1~i~e.a:a:r:::,;k.e~d:a1m:iia,:m :ori~;:,:,,1:,:i: i:i :i: i:i :,: i:, :': ,:' ::: i:i :i: ,:i :,: ':, :': i: ':!: ': i:1

: 

Yes 1102 3276 1.07 (0.94, 1.20) 
I • :111 Al I ,,. I ··· I ... I, .. I .,. I ,., I, . ., I ,.. I ... I' I I"' 1~1l'iii I ... I ... I ... I 109-0 ... I ... I 1· ""I ... ,, 1· "' lit·· 1· ""II .... , 1· "" II Ii, 0· !~= l:ii :~= ll:i cu: ~=! ,:lii ii: mi : :11 .,. l: ; : ~:ii ii:! Cil •. 6 ' .. i:~ CUC : =~: ! :i:o! : Cii: •:ii : :;1: :ii:~; : Cii: 

I iii i,i ii uii • rn • Ci! • !ill • Iii • iii • i,i • !if • i,: • ,ii I i,: • ,i, :,i • ii, • ~ii. i,i • ii, t..l i,: 1:,1 • luil • i,! i,i ! a :iii!,., iii,. 'liil I : i,i ! • :ii,!!•= i,i ! • :ii 

Unknown/missing 11 15 

1awanb e Wlcial'-fme workplace 
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Gl:Y~iftb·sate Use and NHL Risks ocx 
... ,l. 

Number of cases who 
NHL sub-type reportedly ever used OR* (95% Cl) 

glyphosate 

Overall 113 1.22 (0.91, 1.63) 

FL 28 0.74 (0.44, 1.23) 

DLBCL 45 1.32 (0.87, 2.02) 

SLL 15 1.87 (0.91, 3.85) 

Other 25 1.75 (1.01, 3.03) 

*ORs adjusted for age, sex, state/province, lymphatic or hematopoietic cancer in a first-degree 
relative, use of a proxy respondent, use of any personal protective equipment, use of 2,4-0, use of 
dicamba, use of malathion 

1owanh a rancel'-ffee workpl ace 
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Duratibn-;~(#Years) of Glyphosate Use 
and NHL Risks 

ooc 

# years OR* (95% Cl) 
lb I Hin I :Hi I iiH I !H:i I :jJ l1:H!1lil:Hiil1l~!1!i1!n:1l,iH~! I iii, I lr.i I [:Hi I Hi! I H:!,I :Hiil iiH!I ml iH~I• in: I H:H I :H: I !ii,. ii.iili&nQIIIIH!HilJ11,::1a1!Hi!·i·w 
I ii.t. r.i.i. !Ii I ti.!. i!il. !/J!t•10veraU•ninii• ii.Hi. ni.! cfrh.• iin • lni. ifii.i!(D~B€hi1,111 t~!. iii •Skbi. Hin 11111•11ri:1@,tbe:r,11ninll 
am a Ii: ml i:,. ri:i m :fil .,,fitalliHl!allH:11•1:i,1a1rn,:. ;,, • IHI a 1:HI a Hlt. ,~ill :1\:!• i:HI. ln:11• :,Hi. m. ,:Ha iH:. ~H. ,H:!.linijJ.lf,.,,J.[iH:i[.,:,Hm!,:! 

0 1 1 1 1 1 

>3.5 1.02 
{0.67, 1.54} 

0.66 
{0.32, 1.35} 

1.03 
{0.55, 1.93} 

2.01 
{0.82, 4.95} 

1.31 
{0.59, 2.90} 

*ORs adjusted for age, sex, state/province, lymphatic or hematopoietic cancer in a first-degree 
relative, use of a proxy respondent, use of any personal protective equipment, use of 2,4-0, use of 
dicamba, use of malathion 

bwanls e (;&f'ICJal'-fme workplace 
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Freq~iz'!~ (#Days/Year) of 
Glvp,tiosate Handling and NHL Risks 

ooc 

# days/year 
handled 

OR* (95% Cl) 

0 1 1 1 1 1 

i5H D EH:.,;,.!,;.,;,: 

1.98 
{1.16, 3.40) {0.63, 3.67) {1.23, 5.04) 

iH! • [Si 8 5\1 II !lI II !is • :ii •= 5)5 :a:!!\! iM: ii! a i!i! :•::i!i! • \gi 8 ii! • ;g; • !l!i a :\gj! • !I!:• ii!\!•: ii!:• ]I::• i;i: • i!i • g\g • !SI II fHI sis!. {;)! a j;g :• ~1! • !isl 
I .:a II r::>.!:tt1c::rn1-rJa rn a i,:1• ,:,,,r.-.1,,,0, -~:,::.,,:,:•a 1:, a ,,:-Q,J 'i1:G1 ,:, • :,: .,1,:1.,l;;l1rO.,:il.1•,:1a,,,~:. ,:, ""'0•= A,fit\,. ,:i .,:,. 1:,1,.,·o:,,";)9::1 ,:,,. :•:: p - 1rnu, ,'1J •::> <::•. :•::! :\9•i:I ! .. z-..x::x: •:x::: ! 11 1: 1 !::x. 'I .1!0• ,:x: x::11 : 0:111 • :~·,:U:jz;. II::>• I :::11:11 :11:: a..; •11

1
"'f~.: l:>U ::11 J :11:,1 ..... -~·~ ,.II I nan t 

:;1: g ii:t • ;w: g i:w W :w: p 1:w w::;1:1.:m1ig::;1:,.:1:wiiW==w1w: M ;mg. :ii: M J:w • nm M 1u:i1w1:iit1rgiw:u191:w:1p11:w11w mil M w:i Mm a i:w W :w:1 :w:ta w:w!a :w:iw 1:w,w iu:;. 

>2 
1.52 2.49 2.48 

{0.66, 9.37) 
2.21 

{O. 78, 6.22} 

*ORs adjusted for age, sex, state/province, lymphatic or hematopoietic cancer in a first-degree 
relative, use of a proxy respondent, use of any personal protective equipment, use of 2,4-0, use of 
dicamba, use of malathion 

bwanfs 8 W'IWl'-fme woricplac:e 
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Li~eti·~~~ays (#Years x #Days/Year) 
of,Gl¥phosate Use and NHL Risks 

0(~ 

Lifetime days OR* (95% Cl) : : : : : : : : : : : ::::~~~~~:,~::::::::: f~:::: :::!~~w:g;:!::::: :~(~~:: ::!::::r>~~~::::: 
0 1 1 1 1 1 

it Iii it\.!!\! Iii :~fl~ 

>7 

*ORs adjusted for age, sex, state/province, lymphatic or hematopoietic cancer in a first-degree 
relative, use of a proxy respondent, use of any personal protective equipment, use of 2,4-0, use of 
dicamba, use of malathion 

bwanb a ranoal'-fme workpl ace 
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Prlox'tts~ Self Respondents 
1 OR (95% Cl) for NHL Overall 

ooc 
: : : : : i•,r:•~: FJi: ;~i: ~;,: ;~,:::: :::;;:::;:;.;;:r.:~cl;;;,i':;:::;:::::::::::::::::::::: 
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Cha lle:oges ocx 

• Slight variations in study designs 
• Missing information about intensity, duration, and 
frequency of glyphosate use 

• Measurement error 
• Small numbers for certain stratified analyses 

1awards a r.anc.ep.ftoae workplace 
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• Slight variations in study designs 
Missing information about intensity, duration, and 
frequency of glyphosate use 

• Measurement error 
• Small numbers for certain stratified analyses 

Larger sample size= more statistical power 

11:lwanh a cancial'-fme workpl ace 

Case 3:16-md-02741-VC   Document 651-5   Filed 10/28/17   Page 21 of 82



ocx 

• Glyphosate use may be associated with 1' NHL risk 
• Some differences in risk by sub-type, but not 

consistent across different glyphosate use metrics 
• Large sample size yielded more precise results than 

possible in previous smaller studies 

1owanls a r.anc:ial'-fme wortcpl ace 
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Flltu~,e~Research Priorities ocx 

• Evaluation of other 
agricultural exposures, 
confounding, and 
interactions 

• Non-occupational 
exposure 

• Factors that modify 
exposure, e.g. immune 
conditions 

"l0Wanb a ranc:ial'-frae woricplac:e 
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Non-Hodgkin's Lymphoma and Specific Pesticide Exposures in Men: 
Cross-Canada Study of Pesticides and Health 1 
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Hospital, Vancouver, British Columbia, V62 I Y6 [J. S.]; Alberta Cancer 
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and Manitoba Cancer Treatment and Research Foundation, Winnipeg, 
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Abstract 
Our objective in the study was to investigate the putative 
associations of specific pesticides with non-Hodgkin's 
Lymphoma [NHL; International Classification of 
Diseases, version 9 (ICD-9) 200, 202]. We conducted a 
Canadian multicenter population-based incident, case 
(n = 517)-control (n = 1506) study among men in a 
diversity of occupations using an initial postal 
questionnaire followed by a telephone interview for those 
reporting pesticide exposure of 10 h/year or more, and a 
15% random sample of the remainder. Adjusted odds 
ratios (ORs) were computed using conditional logistic 
regression stratified by the matching variables of age 
and province of residence, and subsequently adjusted 
for statistically significant medical variables (history 
of measles, mumps, cancer, allergy desensitization 
treatment, and a positive history of cancer in first-degree 
relatives). We found that among major chemical classes 
of herbicides, the risk of NHL was statistically 
significantly increased by exposure to phenoxyherbicides 
[OR, 1.38; 95% confidence interval (CI), 1.06-1.81] and 
to dicamba (OR, 1.88; 95% CI, 1.32-2.68). Exposure to 
carbamate (OR, 1.92; 95% CI, 1.22-3.04) and to 
organophosphorus insecticides (OR, 1.73; 95% CI, 
1.27-2.36), amide fungicides, and the fumigant carbon 
tetrachloride (OR, 2.42; 95% Cl, 1.19-5.14) statistically 
significantly increased risk. Among individual 

1 This research was funded by Health Canada Grant 6608-1258, the British 
Columbia Health Research Foundation, and the Centre for Agricultural Medicine, 
University of Saskatchewan. 
2 To whom requests for reprints should addressed, at Centre for Agricultural 
Medicine, I 03 Hospital Drive, P. 0. Box 120, Royal University Hospital, Saska 
toon, S. K., S?N OW8, Canada. Phone: (306) 966-6154; Fax: (306) 966-8799; 
E-mail: mcduffie@sask.usask.ca. 
Received 12/20/00; revised 8/13/0 I; accepted 8/22/0 I. 
The costs of publication of this article were defrayed in part by the payment of 
page charges. This article must therefore be hereby marked advertisement in 
accordance with 18 U.S.C. Section 1734 solely to indicate this fact. 

compounds, in multivariate analyses, the risk of NHL 
was statistically significantly increased by exposure to the 
herbicides 2,4-dichlorophenoxyacetic acid (2,4-D; OR, 
1.32; 95% CI, 1.01-1.73), mecoprop (OR, 2.33; 95% CI, 
1.58-3.44), and dicamba (OR, 1.68; 95% CI, 1.00-2.81); 
to the insecticides malathion (OR, 1.83; 95% CI, 1.31- 
2.55), 1,1,1-trichloro-2,2-bis (4-chlorophenyl) ethane 
(DDT), carbaryl (OR, 2.11; 95% CI, 1.21-3.69), aldrin, 
and lindane; and to the fungicides captan and sulfur 
compounds. In additional multivariate models, which 
included exposure to other major chemical classes or 
individual pesticides, personal antecedent cancer, a 
history of cancer among first-degree relatives, and 
exposure to mixtures containing dicamba (OR, 1.96; 95% 
CI, 1.40-2.75) or to mecoprop (OR, 2.22; 95% CI, 1.49- 
3.29) and to aldrin (OR, 3.42; 95% CI, 1.18-9.95) were 
significant independent predictors of an increased risk 
for NHL, whereas a personal history of measles and of 
allergy desensitization treatments lowered the risk. 
We concluded that NHL was associated with specific 
pesticides after adjustment for other independent 
predictors. 

Introduction 
NHL 4 has been epidemiologically associated with farming (1- 
8), with certain farm practices (9), with pesticide exposure 
(10-13), and with certain other occupations (14-17). The term 
pesticide is used to denote a wide variety of chemicals used to 
destroy weeds (herbicides), insects (insecticides), and mold 
(fungicides). Such chemicals are widely used in agriculture, 
horticulture, and forestry, and in the secondary processing of 
the products of these primary industries. Many of the NHL and 
pesticide case-control or cohort studies focused either on a 
small geographical area (I, 2, 4) or on one occupational group 
(2, 4, 5, 9). Our study encompassed six provinces of Canada 
with diverse agricultural practices and a number of different 
types of occupational and nonoccupational exposures to pesti 
cides. Non-Hodgkin's lymphoma incidence rates have been 
increasing in Canada for the last 25 years reflecting a world 
wide trend ( 18) that has not been explained by improved 
diagnostic (I 9) methods or record-keeping (20). 

Materials and Methods 
Study Population. We conducted a population-based case 
control study among men resident in six Canadian provinces to 

3 Dr. Choi was a collaborator who is now deceased. 
4 The abbreviations used are: NHL, non-Hodgkin's lymphoma; DDT, l,l,l 
trichloro-2,2-bis ( 4-chlorophenyl) ethane; STS, soft tissue sarcoma; HD, 
Hodgkin's disease; MM, multiple myeloma; 2,4-D, 2,4-dichlorophenoxyacetic 
acid; MCPA, 4-chloro-2-methylphenoxyacetic acid; 2,4,5-T, 2,4,5-trichlorophe 
noxyacetic acid; OR, odds ratio; OR,,d;, adjusted OR; 95% Cl, 95% confidence 
interval. 
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test the pesticide-exposure hypothesis related to four rare tu 
mors. Incident cases among men, ages 19 years or over, with a 
first diagnosis of STS, HD, NHL [International Classification 
of Diseases, version 9 (ICD-9), code 200 or 202], or MM 
diagnosed between September 1, 1991, and December 3 I, 
1994, were eligible. To balance the number of cases by geo 
graphical regions, each province was assigned a target number 
of cases in each tumor category. Each province ceased to 
ascertain cases when their preassigned target was reached. This 
report is based solely on cases diagnosed with NHL. Cases 
were ascertained from provincial Cancer Registries except in 
Quebec, for which hospital ascertainment was used. The Cancer 
Registries and hospitals provided information, including pa 
thology reports, to confirm the diagnosis. Pathological material 
was reviewed and classified according to the working forrnu 
lation by the reference pathologist. Misclassified and ineligible 
(e.g., Kaposi's sarcoma, known Hl V-positive) cases were ex 
cluded. Subjects for whom pathological material was unavail 
able remained in the study. After physician consent was re 
ceived, postal questionnaires and informed consent forms were 
mailed to potential cases. Surrogates for deceased cases were 
not contacted. 

Men, ages 19 years and older, selected at random within 
age constraints from the provincial Health Insurance records 
(Alberta, Saskatchewan, Manitoba, Quebec), computerized 
telephone listings (Ontario), or voters' lists (British Columbia) 
were potential controls. The random control subject selection 
was stratified by age ::':: 2 years to be comparable with the age 
distribution of the entire case group (STS, HD, NHL, and MM) 
within each province. Postal questionnaires and informed con 
sent forms were mailed to potential controls. Surrogates for 
deceased persons were ineligible as controls. All of the partic 
ipating control subjects were used in the statistical analyses of 
each cancer site. 
Pilot Study. We conducted a pilot study (21) in each provin 
cial region to test study procedures and to determine an oper 
ational definition of pesticide exposure to distinguish between 
environmental (which includes bystander and incidental) and 
more intensive exposure. Nonoccupational use of pesticides 
(home, garden, hobby) was included. There were few individ 
uals who were completely free of being exposed to pesticides. 
Therefore, we constructed graphs that demonstrated that the 
most efficient definition of pesticide exposure, which discrim 
inated (a) between incidental, bystander, and environmental 
exposure as compared with more intensive exposure and (b) 
between cases and controls, was a cumulative total of 10 h per 
year to any combination of pesticides. The screening questions 
in the postal questionnaire were used to trigger telephone in 
terviews among those with cumulative exposure of~ IO h/year 
to any combination of herbicides, insecticides, fungicides, fu 
migants, and/or algicides. The 68 cases and 103 controls who 
participated in the pilot study are not included in this report. 
Pesticides. Pesticide is a generic term describing a variety of 
compounds of diverse chemical structures and biological 
modes of action. In this study, the term pesticide refers primar 
ily to herbicides, insecticides, fungicides, and fumigants. 

We conducted a validation pilot study of the modified 
questionnaires (21 ). Volunteer farmers (n = 27) completed the 
questionnaires and granted permission for us to access their 
records of purchases through their local agrochemical supplier. 
The concordance between the two sources was excellent and 
discordance was explainable by (a) the farmer paid in cash and 
the supplier discarded the record; (b) the farmer purchased the 
agrochemical in the United States, and, therefore, the local 

supplier did not have a record; (c) the farmer paid for profes 
sional ground or aerial spraying, and the account was listed in 
another name; or (d) the supplier had destroyed the records. 
Questionnaires. The questionnaires were modified versions of 
the telephone interview questionnaire that was used in studies 
of pesticide exposure and rare tumors in Kansas (11) and 
Nebraska (I 3). With permission, we modified the questionnaire 
to create postal and telephone interview questionnaires. To 
control for the effects of other variables known or suspected to 
be associated with the development ofNHL after conducting an 
extensive literature review, we used the postal questionnaire to 
capture demographic characteristics, antecedent medical his 
tory, family history of cancer, detailed lifetime job history, and 
occupational exposure history to selected substances, accidental 
pesticide spills, and use of protective equipment, as well as 
details of cigarette smoking history, The telephone question 
naire characterized exposure to individual pesticides. The pes 
ticide data were collected at several levels beginning with the 
broadest categories (e.g., minimal exposure, occupations with 
potential pesticide exposure) and progressing sequentially to 
major classes (e.g., herbicides); to chemical groups (e.g., phe 
noxy herbicides); and finally to individual compounds (e.g., 
2,4-D, MCPA, and 2,4,5-T). 

In this report, we focus on lifetime exposure to individual 
pesticides classified by active ingredients and to major chem 
ical classes of herbicides, insecticides, fungicides, and furni 
gants. We classified exposure by the number of herbicides, 
insecticides, fungicides, and fumigants reported by cases and 
controls as well as by the number of days per year of exposure 
to individual compounds. 

Each subject who reported IO h per year or more of 
exposure to pesticides (any combination of compounds) as 
defined by the screening questions, and a 15% random sample 
of the remainder was mailed a list of pesticides (both chemical 
and brand names) and an information letter. Each subject was 
subsequently telephoned to obtain details of pesticide use. 

The listed pesticides were chosen for inclusion (22-25): 
(a) if the compound was ever registered for use in Canada and 
reviewed by the IARC; (b) if the pesticide was recently banned 
or restricted in Canada by the federal licensing agency; or (c) if 
the pesticide was commonly used in Canada for specific pur 
poses. 

To ensure consistency, we developed and distributed man 
uals for provincial study coordinators, interviewers, and data 
managers. Before commencing data collection, we held a 2-day 
workshop with provincial coordinators to review data collec 
tion procedures and policies, to practice interviewing skills, 
and to review SPSS-DE (Statistical Packages for the Social 
Sciences-Data Entry)," the custom data entry program that we 
used. On receipt of a postal questionnaire, the provincial coor 
dinator reviewed it for internal consistency and completeness. 
Data were computer-entered and verified in the province of 
origin, transported to the coordinating center, and rechecked for 
completeness, after which statistical analyses were performed. 

Copies of the questionnaires and additional information on 
pesticides that were not included in this report are available 
from the corresponding author. 
Pathology Review. Pathologists in participating provinces 
were requested to send blocks or slides of tumor tissue removed 
at surgery to the reference pathologist. Ten subjects with Ka- 

5 SPSS-Data Entry n Statistical Package for the Social Sciences: Statistical Data 
Analysis. SPSS Inc., Chicago, Jllinois, 1998. 
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Table I Comparisons of demographic, antecedent personal medical, general pesticide exposures and cigarette smoking history between cases of NHL and control 
subjects based on the postal questionnaire 

NHL, 11 = 517 Controls, 11 = 1506 
OR" (95% Cl) 

n % n % 

Age, yr 
<30 64 12.4 356 23.6 
30-39 87 16.8 255 16.9 
40-49 111 21.5 238 15.8 
50-59 143 27.7 370 25.6 
>60 112 21.7 287 19.0 
Mean :!: SD 57.7 :!: 14 55.0 :!: 16 

Residence on a farm at any time 
Yes 235 45.5 673 44.7 
No (reference) 279 54.0 828 55.0 1.06 (0.86-1.20) 
Missing 3 0.6 5 0.3 

Pesticide exposure (screening question) 
<IO h/yr (reference) 379 73.3 1142 75.8 
2:10 h/yr 138 26.7 364 24.2 1.22 (0.96-1.55) 

Smoking History 
Nonsmoker (reference) 160 30.9 526 34.9 
Ex-smoker 254 49.1 648 43.0 1.10 (0.86-1.41) 
Current smoker 91 17.6 298 19.8 0.98 (0.72-1.33) 

Missing data 12 2.3 34 2.3 
Current or ex-smoker 345 66.7 946 62.8 1.06 (0.86-1.20) 

Medical History" 
Measles (yes) 251 48.5 888 59.0 0.64 (0.51-0.79) 
Mumps (yes) 194 37.5 588 39.0 0.75 (0.60-0.93) 
Previous cancer (yes) 73 14.1 87 5.8 2.43 (J.71-3.44) 
Skin-prick allergy test 34 6.6 196 13.0 0.52 (0.34-0.76) 
Allergy desensitization shots (yes) 18 3.5 114 7.6 0.49 (0.29-0.83) 
Family history of cancer any first- 219 42.4 497 33.0 1.31 (l.05-1.62) 
degree relative (yes) 

"OR stratified by age and by province of residence. 
• Also tested and found to be unassociated: acne; asthma; celiac disease; chickenpox; diabetes; hay fever; mononucleosis; rheumatic fever; rheumatoid arthritis; ringworm; 
shingles; syphilis; tuberculosis; urinary tract infections; whooping cough; allergies; drug treatment for overactive thyroid; treatment for head lice, body lice, or scabies; 
medical implants; drug treatment for epilepsy; tonsillectomy; positive allergy prick skin test, patch skin test, or positive patch skin test for allergy. 

posi's sarcoma were omitted on the basis of the etiological 
association with HIV infection. Any other known Hl V-positive 
subjects had been previously excluded. Eighty-four% (436 of 
5 l 7) of the NHL tumors were validated. Because of a change 
midstudy in some hospitals' policies regarding supplying path 
ological material without charge, we were unable to obtain the 
remaining samples. 
Statistical Analyses. Data from the postal and telephone in 
terviews were merged by using the identification number. Of 
the individuals selected randomly for a telephone interview, 
most had used one or no chemical pesticides. We reviewed 
these data and decided to include them in the statistical analyses 
because they might be informative with respect to low levels of 
exposure to pesticides and their inclusion maximized our sam 
ple size with respect to other known or suspected risk factors 
for NHL. We conducted descriptive analyses of each variable, 
which included, where applicable, frequencies, ranges, 
means ::!:: SD, and median values for cases and controls sepa 
rately. 

To evaluate putative risk factors for NHL, conditional 
logistic regression was used to compute ORs and 95% CTs, 
stratifying by age groups and province ofresidence.6 ORs were 
calculated for categorical variables related to medical history 
that were selected based on previous studies (e.g., measles, 

6 EGRET Intuitive Software for DOS Micros Statistics and Epidemiology Re 
search Corporation, 1993. 

mumps, previous cancer, allergy desensitization treatment, skin 
prick allergy test); pesticide exposure ( < l O and :2!: 10 h per 
year); and smoking history. Using conditional logistic regres 
sion, ORs were also calculated for (a) major chemical classes 
of herbicides, insecticides, fungicides, and fumigants; and (b) 
for individual active chemicals. The statistically significant 
(P < 0.05) medical variables were used to adjust the effect of 
exposure to pesticides classified by major chemical group and 
by individual active chemical. Given the study sample size and 
the case-control ratio, a priori power calculations indicated that 
we had sufficient statistical power to detect an OR of2 when at 
least l % of the controls was exposed to a specific pesticide or 
chemical class of pesticide. Conditional logistic analyses (26) 
were conducted that retained in the model, all covariates for 
which the P was :S.05. The criterion for entry into models was 
a P :S 0.20 in bivariate age and province stratified analyses. 

We created dose-response levels based on days/year of 
personally mixing or applying selected herbicides, insecticides, 
fungicides, and fumigants. We reported ORs stratified by age 
and province of residence. We created exposure categories for 
exposures to multiple different herbicides, insecticides, fungi 
cides, and fumigants. For these analyses, the unexposed cate 
gory was specific to the class of pesticide. We also created 
exposure categories for exposures to combinations of herbi 
cides, insecticides, fungicides, and fumigants for which the 
reference group did not report exposure to any of those classes 
of pesticides. 
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Table 2 Herbicides: frequency of exposure to herbicides classified into major chemical classes and as individual compounds 

The list includes only those reported by I% or more of responders. 

NHL 11 = 517 Controls 11 = 1506 
Major chemical classes OR" (95% Cl) OR,0/' (95% Cl) 

11 exposed % exposed n exposed % exposed 

Phenoxyherbicides," exposed 13 I 25.3 319 21.2 1.46 (1.09-1.82) 1.38 (1.06-1.81) 
Individual phenoxyherbicides 

2,4-D Ill 21.5 293 19.5 1.26 (0.97-1.64) 1.32 (1.01-1.73) 
Mecoprop 53 10.2 81 5.4 2.23 (1.38-3.07) 2.33 (1.58-3.44) 
MCPA \7 3.3 46 3.1 \ .08 (0.59-1 .94) I.\ 0 (0.60-2.00) 
Diclofopmethyl 9 1.7 25 1.7 0.96 (0.42-2.20) 0.95 (0.41-2.22) 

Phosphonic acid," exposed 63 12.2 147 9.8 1.42 (0.95-1.90) 1.40 (0.94-1.89) 
Individual phosphonic herbicides 
Glyphosate (Round-up) 5 I 9.9 133 8.8 1.26 (0.87-1.80) 1.20 (0.83-1.74) 

Thiocarbamates," exposed 21 4.1 49 3.3 I .4 I (0.62-2.20) I .46 (0.82-2.58) 
Individual thiocarbamate herbicides 

Diallate (11 exposed) II 2.1 29 1.9 I .26 (0.59-2.67) 1.46 (0.68-3.14) 

Phenols: Bromoxynil/ exposed 16 3.1 48 3.2 1.05 (0.4 I 1.69) 1.07 (0.58-1.99) 

Dicarnba,« exposed 73 14.1 13 I 8.7 1.92 (1.39-2.66) 1.88 (1.32-2.68) 
Individual dicamba herbicides 

Dicamba (Banvel or Target) 26 5.0 50 3.3 I .59 (0.95-2.63) 1.68 (1.00-2.81) 

Dinirroaniline," exposed II 2.1 31 2.1 I. I 7 (0.56-2.4 I) 1.20 (0.61-2.35) 
Individual dinitroaniline herbicides 
Trifluralin II 2.1 3 I 2.1 1.17 (0.56-2.41) I .06 (0.50-2.22) 

"ORs calculated with strata for the variables of age and province of residence. 
"ORs adjusted for statistically significant medical variables (history of measles, mumps, cancer, allergy desensitization shots, and a positive family history of cancer in 
a first-degree relative), and with strata for the variables of age and province of residence. 
'"Phenoxyherbicides include the phenoxyacetic acids (e.g., 2,4-D and MCPA), the phenoxy-2-propionic acids (e.g., mecoprop); the phenoxybutanoic acids (e.g., 2,4-DB) 
and other phenoxyalkanoic acids (e.g., diclofopmethyl). 
"Glyphosate is the only phosphonic acid herbicide reported by more than I% of responders. Round-up, Touchdown, Victor, Wrangler, Laredo do not include dicamba, 
and Rustler is a mixture of dicamba and glyphosate. 
• Thiocarbarnate herbicides include diallate and triallate. 
fBromoxynil is the only phenol herbicide included. 
g Dicamba as a major chemical class includes Banvel, and Target, and a mixture of dicarnba and glyphosate (Rustler), or mixtures ofdicamba, 2,4-D, and mecoprop (Dyne) 
DS, Killex). 
"Dinitroaniline herbicides include ethalfluralin and trifluralin. 

Ethics. The protocol, letters of informed consent, question 
naires, and all other correspondence with potential subjects 
were approved by the relevant agencies in each province. All of 
the information that could be used to identify individuals re 
mained within the province of origin under the control of the 
provincial principal investigators. 

Results 
Data from postal questionnaires based on responses from 517 
NHL cases (67 .1 % of those contacted) and 1506 control sub 
jects (48.0% of those contacted) were analyzed. Similar per 
centages of potential subjects resident in rural and urban areas 
responded. There were higher percentages of responders in the 
middle-age group than at either extreme among both cases and 
controls. Detailed information related to their pesticide expo 
sure history was obtained by telephone interview from 119 
NHL cases and 301 control subjects who indicated pesticide 
exposure of 10 h per year or more. A 15% random sample of 
cases and controls who indicated pesticide exposure ofless than 
10 h/year was also interviewed by telephone, resulting in de 
tailed pesticide exposure information on 60 cases of NHL and 
on 155 controls. The total telephone interviewed sample con 
sisted of 179 cases of NHL and 456 controls. 

A summary of selected demographic, antecedent personal 
and familial medical history, general pesticide exposure as 
measured by the screening questions, and cigarette smoking 

history comparisons of NHL cases and population-based con 
trols is shown in Table 1. Because all of the controls (age 
matched for STS, MM, HD, and NHL) were used in the 
analysis, cases were older than controls. Cases and controls 
were similar in their smoking patterns. Cases were less likely to 
have a history of measles or mumps and more likely to have a 
personal history of a previous primary cancer. Cases were more 
likely than controls to have a positive family history of cancer, 
whereas more controls had undergone allergy desensitization 
injections. A slightly higher proportion of cases than controls 
indicated cumulative exposure to pesticides of > IO h per year. 

Table 2 summarizes reported exposure to herbicides clas 
sified by major chemical classes (phenoxy, phosphonic acid, 
thiocarbamates, phenols, dicamba, and dinitroaniline) and by 
individual compounds for which at least I% of responders 
reported exposure. ORs are also shown after adjustment for the 
statistically significant (P < 0.05) variables reviewed in Table 
l, which included a history of measles, mumps, cancer, and 
allergy desensitization shots and a positive history of cancer in 
a first-degree relative. Cases experienced a significantly higher 
frequency of exposure to phenoxyherbicides, to dicamba or a 
mixture including dicamba, to 2,4-D, and to mecoprop. 

Table 3 summarizes the insecticide exposure data. Expo 
sure to two major chemical classes, carbamates and organo 
phosphates, was statistically significantly associated with NHL, 
whereas exposure to organochlorines as a group was not. 
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Table 3 Insecticides: frequency of exposure to insecticides classified into major chemical classes and as individual compounds 

NHL11=517 Controls 11 = 1506 
Major chemical classes OR" (95% Cl) OR,.a/ (95% CJ) 

11 exposed % exposed 11 exposed % exposed 

Carbamates," exposed 37 7.2 60 4.0 1.95 (1.25---3.05) 1.92 (1.22-3.04) 
Individual carbarnare insecticides 
Carbary! 25 4.8 34 2.3 2.05 (1.18-3.55) 2.11 (1.21-3.69) 
Carbofuran 9 1.7 18 1.2 r .58 (0.68-3.67) r .64 (0.70-3.85) 
Methomyl 6 1.2 13 0.9 1.86 (0.67-5.17) 1.65 (0.54-5.03) 

Organochlorine, (1)'1 exposed 50 9.7 134 8.9 1.16 (0.81-1.66) 1.27 (0.87-1.84) 
Individual organochlorine (I) insecticides 

Chlordane 36 7.0 105 7.0 1.06(0.71-1.59) 1.11 (0.74-1.69) 
Lindane 15 2.9 23 1.5 2.05 (1.01-4.16) 2.06 (1.01-4.22) 
Aldrin 10 1.9 6 0.4 3.81 (1.34-10.79) 4.19 (1.48-11.96) 

Organochlorine (2) diphenylchlorides' exposed 86 16.6 233 15.5 l.24 (0.94-1.65) l.2 I (0.90-1.62) 
Individual organochlorine (2) diphenylchlorides 

Methoxychlor 65 12.6 201 13.3 1.08 (0.79-1.47) 1.02 (0.74-1.41) 
DDT 32 6.2 59 3.9 1.63 (1.03-2.57) 1.73 (1.08-2.76) 

Organophosphorus( exposed 90 I 7.4 167 II.I 1.69 (1.26-2.27) 1.73 (J.27-2.36) 
Individual organophosphorus insecticides 

Malathion 72 13.9 127 8.4 I. 77 (1.28-2.46) 1.83 (1.31-2.55) 
Dirnethoate 22 4.3 50 3.3 1.20 (0.71-2.03) 1.20 (0. 70-2.06) 
Diazinon 18 3.5 28 1.9 l.72 (0.92-3.19) l.69 (0.88-3.24) 

"ORs calculated with strata for the variables of age and province of residence. 
"ORs adjusted for statistically significant medical variables (history of measles, mumps, cancer, allergy desensitization shots and a positive family history of cancer in 
a first-degree relative), and with strata for the variables of age and province of residence. 
c Carbarnate insecticides include carbaryl, carbofuran, and methomyl. 
"Organochlorine insecticides class one includes aldrin; chlordane; dieldrin; endrin; heptachlor; lindane; and a mixture of lindane, carbathiin, and thiram (Vitavex), 
"Organocblorine (2) diphenylchloride insecticides include DDT and methoxychlor. 
fOrganophosphorus insecticides include malathion, chlorpyrifos, diazinon, dimethoate, parathion, methidathion, and trichlorfon. 

Table 4 Fungicides: frequency of exposure to fungicides classified into major chemical classes and as individual compounds 

NHL 11 = 517 Controls n = 1506 
Major chemical classes OR" (95% CI) OR00/ (95% CI) 

11 exposed % exposed 11 exposed % exposed 

Amide," exposed 30 5.8 58 3.9 1.69 (1.05---2.73) I. 70 (1.04-2. 78) 
Individual amide fungicides 
Captan 20 3.9 24 l.6 2.48 ( 1.33-4.63) 2.51 (1.32-4.76) 
Vitavax 10 l.9 39 2.6 0.88 (0.42-1.85) 0.88 (0.41-1.87) 

Aldehyde," exposed 7 1.4 25 1.7 0.85 (0.35-2.07) 0.92 (0.37-2.29) 
Individual aldehyde fungicides 

Formaldehyde 7 1.4 255 1.7 0.85 (0.35-2.07) 0.92 (0.37-2.29) 

Mercury Containing," exposed 18 3.5 48 3.2 l.09 (0.6 l-l.95) 1.28 (0.70-2.27) 
Mercury-containing fungicides 

Mercury dust (11 exposed) 15 2.9 39 2.6 1.08 (0.57-2.04) 1.23 (0.64-2.35) 
Mercury liquid (n exposed) 8 l.5 22 l.5 1.15 (0.49-2.69) 1.40 (0.74-3.22) 

Sulphur Compounds 17 3.3 21 1.4 2.26 (1.16-4.40) 2.80 (l.41-5.57) 

"ORs calculated with strata for the variables of age and province of residence. 
• ORs adjusted for statistically significant medical variables (history of measles, mumps, cancer, allergy desensitization shots, and a positive family history of cancer in 
a first-degree relative), and with strata for the variables of age and province of residence. 
"Amide fungicides include captan and a mixture of carbathiin, thiram, and lindane (Vitavax). 
,, Aldehyde fungicides include formaldehyde and a mixture of formaldehyde and iprodione (Rovral Flo). 
"Mercury-containing fungicides include mercury dusts (Ceresan, Reytosan, and Agrox) and mercury liquids (Panogen, Leytosol, and PMAS). 

Among individual carbamate compounds, exposure to carbaryl 
was statistically significantly associated with NHL. Among 
organochlorines, exposure to lindane, to aldrin, and to DDT 
was significantly associated with NHL. Malathion was the only 
individual organophosphate exposure statistically significantly 
associated with NHL. 

Exposure to fungicides is summarized in Table 4. The 
fungicides with an amide group (ORudj• 1.70; 95% CI, 1.04- 
2.78) were associated with NHL, whereas aldehydes and those 

containing mercury were not. Among individual amide 
containing compounds, exposure to captan (ORadj• 2.51, 95% 
CI, 1.32-4.76) was associated with NHL. 

Malathion used as a fumigant was not associated with 
NHL (Table 5). There were fewer users of malathion as a 
fumigant compared with its use on crops. Carbon tetrachloride 
fumigant exposure (ORadj• 2.42; 95% CI, 1.19-5.14) was as 
sociated with NHL. 

Table 6 shows the results of a conditional logistic regres- 
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Table 5 Frequency of exposure to fumigants: individual compounds 

NHL 11 = 517 Controls n = I 506 
Individual compounds+ OR" (95% CJ) OR,,u" (95% Cl) 

11 exposed % exposed 11 exposed % exposed 

Malathion" 12 2.3 23 1.5 1.49 (0.72-3.11) 1.54 (0.74-3.22) 
Carbon tetrachloride" 13 2.5 18 1.2 2.13 (J.02-4.47) 2.42 (1.19-5.14) 

"ORs calculated with strata for the variables age and province of residence. 
1' ORs adjusted for statistically significant medical variables (history of measles, mumps, cancer, allergy desensitization shots, and a positive family history of cancer in 
a first-degree relative) and with strata for the variables age and province of residence. 
c Malathion is an organophosphorus insecticide which has been used indoors as a fumigant. 
"Carbon tetrachloride was used as a grain fumigant. 

Table 6 Most parsimonious model: conditional logistic regression analyses 
that contained major chemical classes of pesticides and important covariates 

(P < 0.05) 

Table 7 Most parsimonious model: conditional logistic regression analyses 
that contained individual chemical pesticides and important covariates 

(P < 0.05) 
Phenoxyherbicides as a group, carbarnate, and organophosphate insecticides, 
amide group containing fungicides, and carbon tetrachloride users/nonusers were 
included in the initial multivariate model and found not to contribute significantly 
to the risk of NHL. 

Variable Parameter 
Estimate :!: SE OR (95% Cl) 

Measles (yes) 
Previous cancer (yes) 
First-degree relative with cancer (yes) 
Allergy desensitization shots (yes) 
Dicamba mixtures (user) 

-0.47±0.11 
0.79±0.18 
0.32 :!: 0.11 
-0.65 :!: 0.27 
0.67 :!: 0.17 

0.62 (0.50-0. 78) 
2.20 (J.54-3.15) 
1.37 (1.10-1.71) 
0.52 (0.31-0.89) 
J.96 (1.40-2.75) 

Among individual pesticides, carbaryl, lindane, DDT, and malathion insecticides, 
and captan fungicide user/nonuser were included in the initial multivariate model 
and found not to contribute significantly to the risk of NHL. 

Variable Parameter 
estimate :!: SE OR (95% Cl) 

Measles (yes) 
Previous cancer (yes) 
First-degree relative with cancer (yes) 
Allergy desensitization shots (yes) 
Mecoprop (user) 
Aldrin (user) 

-0.48 :!: 0.11 
0.80 :!: 0.18 
0.32 :!: O.l I 
-0.68 :!: 0.27 
0.80 :!: 0.20 
1.23 :!: 0.54 

0.50 (0.45-0.83) 
2.23 (1.56-3. I 9) 
1.38 (1.11-1.72) 
0.51 (0.30-0.87) 
2.22 (1.49-3.29) 
3.42 (J.18-9.95) 

sion model that included major chemical classes of pesticides 
and all other covariates for which P < 0.05. The variables that 
remained statistically significantly associated with increased 
risk of NHL were a previous personal history of another ma 
lignancy, a history of cancer among first-degree relatives, and 
exposure to dicamba and mixtures containing dicamba. ORs for 
a personal history of measles or of allergy desensitization 
injections were significantly lower than those without this his 
tory. Table 7 summarizes a similar model that included indi 
vidual pesticides and all of the other covariates for which P < 
0.05 and in which mecoprop and aldrin exposure as well as the 
same covariates as in Table 6 were associated with NHL. 

Table 8 shows the frequency of exposure to selected 
individual herbicides, insecticides, fungicides, and fumigants, 
stratified by the average number of days per year of exposure. 
In general, the results of these dose-response analyses are 
consistent with the exposed/nonexposed findings. Those com 
pounds for which we found statistically significant case-control 
differences also have elevated ORs based on strata of the 
variable "days per year of exposure" (mecoprop, dicamba, 
malathion, DDT, captan, carbon tetrachloride, and sulfur). The 
exceptions were 2,4-D, for which there was no dose-response 
relationship, and glyphosate, which was not significant for 
exposure but for which we demonstrated a dose-response rela 
tionship. 

Table 9 compares the frequencies of multiple herbicide, 
insecticide, fungicide, and fumigant use among cases and con 
trols. Cases are significantly more likely to report exposure to 
between two and four herbicides or insecticides but not to five 
and more of either. An elevated OR was found for exposure to 
two or more fungicides. Table 9 also shows a dose-response 
relationship in comparisons of subjects who reported no pesti 
cide exposure and those who reported using five or more 
pesticides. 

Discussion 
The hypothesis that farming (1-8), agricultural practices (9), 
and pesticide exposure ( 10-13, 22-25) are associated with 
NHL has been tested in a number of occupational studies. Not 
all of the studies confirm an association (27-29). Pesticides 
have diverse chemistry and biological modes of action. In 
addition to the active ingredients, there are emulsifiers, carriers, 
dispersants, and a variety of agents used to formulate liquids, 
granular and mists. The major chemical classes of a priori 
interest based on epidemiological studies (10-13, 22-25) were 
phenoxyherbicides, organophosphorus, organochlorines, alde 
hydes, and carbon tetrachloride. Occupational exposure to 
2,4-D, 2,4,5-T, carbaryl, chlordane, DDT, diazinon, dichlorvos, 
lindane, malathion, nicotine, and toxaphene has been reported 
to be associated with NHL. In addition, our interest focused on 
pesticides classified as possibly or probably carcinogenic to 
humans based on evaluations by the IARC expert panels (Refs. 
22-25; phenoxyherbicides including 2,4-D, MCPA, and 
2,4,5-T as a group, atrazine, chlordane, DDT, dichlorvos, hep 
tachlor, and pentachlorophenol). Our bivariate results for ex 
posure to groups of phenoxyherbicides or dicamba-containing 
herbicides, for carbamates and organophosphorus insecticides, 
and for amide fungicides and for carbon tetrachloride were not 
attenuated when simultaneously adjusted for the important 
medical covariates (history of measles, mumps, cancer, allergy 
desensitization shots, and a positive history of cancer in a 
first-degree relative). 

Among individual compounds, our results that related to 
exposure to 2,4-D, mecoprop, dicamba, malathion, DDT, car 
baryl, lindane, aldrin, captan, and sulfur compounds were not 
attenuated after simultaneous adjustment for the same medical 
covariates. Clearly, we had few exposed men whose exposure 
was limited to one pesticide or to one class of pesticides. Our 
results show elevated risk for exposure to multiple herbicides, 
insecticides, and fungicides. 
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Table 8 Frequency of exposure to selected herbicides, insecticides, fungicides, and fumigants stratified by the number of days per year of exposure 

Models that included the time variable "days per year" and stratification for age and province of residence were also assessed for the individual herbicide compounds 
bromoxynil, 2,4-DB, diallate, MCPA, rriallate, and treflan. No significant associations were found. 

Individual compounds 

Herbicides 
2,4-D 

Mecoprop 

Phosphonic acid: glyphosate 

Dicamba 

Insecticides 
Malathion 

DDT 

Fungicides 
Caplan 

Sulphur 

Fumigant 
Carbon tetrachloride 

NHL Controls 
Days/yr OR" (95% CI) 

II % II % 

Unexposed 406 78.5 1213 80.5 I 
>0 and :52 55 10.6 160 10.6 l.17 (0.83-1.64) 
>2 and :55 36 7.0 82 5.4 1.39 (0.91-2. l 3) 
>5 and :57 9 1.7 20 1.3 1.38 (0.60-3.15) 
>7 ll 2.1 3 l 2.1 l .22 (0.60-2.49) 
Unexposed 464 89.8 1425 94.6 l 
>0 and :52 31 6.0 48 3.2 2.27 (1.40-3.68) 
~2 22 4.3 33 2.2 2.06 (1.17-3.6\) 
Unexposed 466 90.l 1373 91.2 \ 
>O and :52 28 5.4 97 6.4 1.00 (0.63-1.57) 
>2 23 4.5 36 2.4 2.12 (J.20-3.73) 
Unexposed 491 95.0 1456 96.7 l 
2:1 26 5.0 50 3.3 l .58 (0.96-2.62) 

Unexposed 445 87.0 1379 91.6 l.00 
>0 and :52 50 9.7 88 5.8 1.82 (1.25-2.68) 
2:2 22 4.3 39 2.6 1.75 (J.02-3.03) 
Unexposed 485 93.8 1447 96.I 1.00 
>0 and :52 18 3.5 32 2.1 l.75 (0.96-3.21) 
>2 14 2.7 27 1.8 \.50 (0.77-2.91) 

Unexposed 497 96.1 1482 98.4 l.00 
>0 and :52 II 2.l 12 0.8 2.69 (I.17-6.19) 
>2 9 1.7 12 0.8 2.80 (1.13-6.90) 
Unexposed 500 96.7 1485 98.6 l.00 
Exposed 2:1 17 3.3 21 1.4 2.26 (1. 16-4.40) 

Unexposed 504 97.5 1488 98.8 l.00 
>0 and :52 13 2.5 18 1.2 2.13 (1.02-4.47) 

"ORs calculated with strata for the variables age and province of residence. 

The strength of our results is enhanced by their internal 
consistency as we applied the strategy of assessing risk by 
different analytic approaches progressing from exposure to: (a) 
major chemical classes of herbicides, insecticides, fungicides, 
and fumigants; (b) individual compounds within those major 
chemical classes; and (c) individual compounds stratified by 
days per year of exposure. We constructed models that included 
potential confounders (e.g., positive history of cancer in a 
first-degree relative). Generally, the same individual com 
pounds or class of compounds was associated with case status. 
The risk estimates based on exposure to major chemical classes 
or to individual compounds tended to be precise, as indicated 
by the 95% Cis. 

Our results confirm previously reported associations of 
NHL and a personal history of cancer (30, 3 I), of NHL and a 
history of cancer among first-degree relatives (32, 33), and of 
NHL and exposure to selected pesticides (I, 3, 5, 9-13). We 
were unable to find a previous report suggesting a protective 
effect of allergy desensitization shots. Koepsell et al. reported 
little association of the number of allergy desensitization shots 
and MM (34). The relationship between allergy and cancer is 
complex with well-designed studies reporting opposite results 
(35-38). Cigarette smoking was not a risk factor overall, con 
firming one study (39) and contradicting others (40, 41), al 
though certain subtypes (39, 40) of NHL may be associated 
with cigarette smoking. 

The limitations of this study relate to those inherent in the 
case-control design, specifically the potential for recall bias and 

for misclassification of pesticide exposure. Hoar et al. and 
Zahm et al. (II, 13), as well as others (27-29, 42-45), have 
dealt extensively with these issues among farmers. We have 
included individuals in many different occupations as well as 
home and garden users. These are groups for whom we did not 
find extensive validation studies. Their inclusion may have 
biased our dose-response findings toward the null, although the 
yes/no responses to individual pesticides would be less af 
fected. We reduced the number of surrogate responders by 
excluding deceased persons from our definition of eligible 
subjects. This strategy was useful in decreasing the potential for 
misclassification of exposure. 

A second limitation is the less-than-optimal response rates. 
We continued to recruit subjects in each province until the 
target numbers were achieved. We compared respondents to 
nonrespondents using postal codes as an indicator of rural 
residence, and we did not find a rural bias among respondents. 

We reported results for a number of chemical agents and 
exposures, not all of which were specified in the hypothesis. 
Therefore, the statistical analyses related to these unspecified 
agents should be considered exploratory. As a consequence of 
conducting multiple comparisons, a small number of statisti 
cally significant results may be attributable to chance. 

The two-tiered study design permitted us to obtain detailed 
information related to factors other than pesticides that are 
known or suspected of being etiologically associated with 
NHL. The mailing of a list of pesticides with both trade and 
generic chemical names followed by a telephone· interview 

Case 3:16-md-02741-VC   Document 651-5   Filed 10/28/17   Page 32 of 82



I /62 NHL and Pesticides 

Table 9 Distribution of numbers of exposures to multiple types of pesticides among cases and controls 

NHL Controls 
OR" (95% Cl) 

11 % 11 % 

Multiple herbicide use 
Unexposed? 374 72.3 1148 76.2 1.00 
Exposed I 45 8.7 146 9.7 1.02 (0.70-1.47) 
Exposed 2-4 73 14.1 151 10.0 1.75 (1.27-2.42) 
Exposed .e:5 25 4.8 61 4.1 1.41 (0.84-2.35) 

Multiple insecticide use 
Unexposed 370 71.6 1154 76.6 1.00 
Exposed I 44 8.5 127 8.4 1.24 (0.85-1.80) 
Exposed 2-4 86 16.6 189 12.6 1.58 (1.17-2.13) 
Exposed .e:5 17 3.3 36 2.4 1.46 (0.79-2.69) 

Multiple fungicide use 
Unexposed 457 88.4 1361 90.4 l.00 
Exposed I 32 6.2 90 6.0 1.08 (0.70-1.67) 
Exposed .e:2 28 5.4 55 3.7 1.6 I (.99-2.63) 

Multiple fumigant use 
Unexposed 487 94.2 1440 95.6 1.00 
Exposed .e:l 30 5.8 66 4.4 1.45 (0.91-2.63) 

Multiple pesticide user 
Unexposed 357 69.1 1095 72.7 1.00 
Exposed 1-4 77 14.9 230 15.3 1.09 (0.81-1.46) 
Exposed .e:5 83 16.1 181 12.0 1.57 (l.16-2.14) 

"ORs calculated with strata for the variables age and province of residence. 
"With the exception of the variable multiple pesticide use, the "unexposed" referent category is specific to the class of pesticides. 
"The unexposed referent category contains those who did not report exposure to herbicides, insecticides, fungicides, or fumigants. 

allowed the collection of detailed information concerning pes 
ticide exposure. The statistical power of our study was en 
hanced by the large number of cases and controls. In instances 
of rare exposures ( < 1 % exposed), we had limited statistical 
power to detect associations. We restricted our analyses of 
individual pesticide compounds to those for which at least 1 % 
of respondents indicated exposure. 

The study was not restricted to pesticide exposure expe 
rienced by a specific occupational group. Occupational expo 
sure was quite diverse; single versus multiple pesticides; indoor 
versus outdoor applications. For example, men who work in 
animal confinement buildings, grain elevators, and pesticide 
manufacturing have different exposure patterns in comparison 
with grain farmers and commercial applicators. Because this 
study encompassed a large geographical area of Canada, there 
was substantial diversity among agricultural enterprises and in 
the patterns and types of pesticide exposure. 

Delineating the putative relationship between exposure to 
pesticides and NHL is complicated: (a) by the subject's expo 
sure to a variety of different pesticides many of which are not 
mutagenic, teratogenic, or carcinogenic when tested as a single 
compound; (b) by the complexity of formulations of pesticides, 
the details of which are privileged proprietary information; (c) 
by the diversity of routes of possible exposure, which include 
ingestion, dermal, inhalation, and ocular, (d) by unexpected 
interactions among seemingly unrelated exposures, such as the 
increased permeability ofrubber gloves to 2,4-D when exposed 
simultaneously to the insect repellent DEET and sunlight (46); 
and (e) by the role of differential genetic susceptibility. 

Garry et al. (47) describe a potential mechanism to explain 
the relationship between exposure to specific pesticides and an 
increased risk of developing NHL. They have demonstrated 
specific chromosomal alterations in the peripheral lymphocytes 
of pesticide applicators exposed to a variety of pesticide 
classes. A higher frequency of chromosomal breaks involving 
band 18q21 was found in men who applied only herbicides 

compared with nonoccupationally exposed controls. Higher 
frequencies of rearrangements and breaks involving band 
14q32 were found among men who applied herbicides, insec 
ticides, and fumigants compared with controls. Reciprocal 
translocations between chromosomes l 4q32 and l 8q21 are 
frequently found in NHL patients. 

Our results support previous findings of an association 
between NHL and specific pesticide exposures. Our strategy of 
assessing risk by several different approaches, beginning with 
general categories (e.g., herbicides), proceeding through cumu 
lative pesticide exposure to specific chemical classes, and pro 
ceeding further to specific chemicals, proved effective in de 
lineating complex relationships. In our final models, NHL was 
associated with a personal history of cancer; a history of cancer 
in first-degree relatives; and exposure to dicamba-containing 
herbicides, to mecoprop, and to aldrin. A personal history of 
measles and of allergy desensitization treatments lowered risk. 
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Increased risk for non-Hodgkin's lymphoma {Nf-IL) following exposure lo certain pe 'lkides bas 
previously been reported, To further elucidate the importance of phenoxyaceric acids and other 
pesticides in the criology ofNHl. a pooled nuatysrs was perforrned on two case-control tudies, one 011 
NHL and another on hairy cell leukemia (RCLJ, a rare subtype of NHL. The srudles were population 
based with cases identified from cancer registry and controls Irum population registry, Datu nssessrncnt 
was ascertained by questionnaires supplemented over the telephone hy specially trained interviewers. 
The pooled anulysi: of NHL and HCL WHS based on 515 case· and \ 141 controls. Increased ri ks in 
univariate analy: is were found for subjects exposed to herbicides (OR l.75, Cl 95% 1.26-2.42), 
insecticides (OR 1.43, Cl 95% 1.08-1.87), fungicides (OR 3. J I, <.:l \Wi'~ l.56-6.27) 1111d impregnating 
·gent. (OR l.48, Cl 95% l.1"!-l.96). A01011g herbicide-. signilicnnt nssociations were found for 
gtypl11;>s:1te (OH 3.04. Cl 95% l.Ol!-S . .52) and 4-ch)vrn-2-methyl phencxyacetic ncid (MCPA) (OR 
2.62, er 95<;! l .40--4.B8)., •Or seveml t:alegories of pesticides the high ·st risk was found for exposure 
during the lutest decades before diagno ·is. However, in multivariate analy res the only ignificantly 
increased risk wus for a heterogeneous category of other herbicides than above. 

Keywords: i ou-Hodgk iu's lymphoma; I-fairy cell leukemia: Pesticides: Phcnoxyacetlc acids: 
Glyphosatc: Tmpregna1ing agents 

INTRODUCTION 

Non-Hodgkin's lymphoma (NHL) is one of r.hc mnlignant 
disease. with the most rapidly increasing incidence in the 
western world [1]. ln Sweden, lhe mean age-adjusted 
incidence increased yearly by 3.6% in men ;md 2.9% in 
women dnri11g the time period 1958- J 992 [21. Hairy cell 
leukemia (HCL) wa fir- t described in 1958 ,u1d is 
regarded a!i a rare i;ubgroup of NI-U-. HCL is more 
common in men witl) '23 male and 9 femn.le patients 
reported to 1he Swedi ·h Cancer Register i·n J 999 for the 
whole country [3]. 
The etiology of NHL i.s r.:gardcd m be multifactmfal 

with different cnvironmlmtal cxposurns being part of it. 
Certain immunodefective conditions are established ri k 
factors such as immunosuppressivc medication ufter orga11 
tran pluntntion !4,5) and HlY-infcction [61, Also viral 

genesi_. ~specially re~arding ~ps1cin-B11rr virus (EBY) 
and endemic African Burkltr lymphom:1 has been 
indicated [7]. 

Regarding chemicals, exposure to phcnoxyucetic acids 
chlorophcnols and organic olvent. were ai:soti:\le<l :vith 
increased risk for NHL in Swedish studie 18- IOJ. Iu 
subsequent swdies exposure 10 phenoxyacetic acids, 
particularly 2:.4-dichforophenoxyacctic acid (2,4-D), was 
associuted wilh un increased risk for NHL rU,12]. These 
association. have been reviewed by us giving reference 
al o to other studies [13). 
We have now performed one case-control study on 

NHL, which did noc incll'lde HCL 114], and anotber 011 

HCL, specificnHy [151. Both thest studic-s focused interest 
espec.ially on expo.sure 10 pe.~Licides. ln the HL study, we 
found increased risks for subject!. exposed to herbicides or 
tungicidcs. Among herbicide . phenoxyacetic ucids 

•r.orre.~pondini; aulhor. Tel.: -+•16- t 9-602-15-46. Fax: +.Jli-l 9-! 0 I ?68, F.•mail; Jennan.hardetl@'orebroll,sc 
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·rAB!.u I NumlJcr of cx1Na,<l ,-:1 •~ ~ml couuols. odc!s ratio (OR) and 95% confidence liltcrvril (CJi for expo we IQ pcsticldcs ru1(l organic solvents 

Agcm Number of exposed ,~~~,J~omrol~ OR (;j 
--····-·-----·-· 

lkrlndlk~ 77/103 l.75 1.26-2.42 
l'hcne>xy~~ctic add· 64/90 1.65 1.16-~.'4 

MCPA .w:u 2.61 IA0-4.SR 
2.4-D + 2.4.5-T -18/70 l.48 0.99-1.20 

Glyphosn1~ 8/8 Hl~ L()S-S..'i2 
Oihrr l5Jl3 1.9() 1.34-6.37 

lnsecrichles 112/ll\4 1.,13 1.08-l. '7 
nrrr 77/[3' 1.27 0.\1},- ! .73 

Mercurial 'l'ed tlr!.!ssing "0/33 IAO 0,77-!.--17 
Pyrcthrlns 13/'2.7 1.16 0.57-2.25 

Funglcides I 117 J.J 1 I .-(,-(i,27 
J111prcgmufng ag~nts 1041162 l.'l~ I.Ii-I.% 

Chlorophcnuls 6/i/106 1.37 0.9,'-1.92 
Pemachlorophenu! 6-1/ltJI 1.40 0 .. 99- !.9R 

Arsenic S/10 l.7.'i 0,(i6-4.S.1 
Cr osoie 22/35 1.54 0.87 '.!.6{i 
Other -10/67 I.JS O.SB-:!.0,1 

0q}11).i,: ... olveno; 25()149:? 1.16 \J,9 - l.4<1 

N 

dominated. One . ubclass of the , 4-chloro-2-methyl 
phcnoxyaccric acid (MCPA), turned out Lo be significantly 
associated with NI-IL. For several categories of herbiciiles, 
we observed that only exposure during the latest dcca ks 
before uillgn isi · ol' NHL was as .ociated with an increased 
risk for NHL. In the HCL study, we found increased risk 
for exposure 10 different categories of pesticides 1151, 
Howe er, clue co comparatively low number of study 
. ubjecrs, it was not meaningful to make further analyses of 
the tumor induction period. 
Thus. the ri k patterns for NH!. and HCL in these 

studies, performed by the a111e methodology, . bowed 
similarities with respe ·1 w pe ticide ·. Since the NHL 
study included patient· with many different variants of 
NHL, it seemed. motivated also to include HCL, as 
nowadays being regarded a' a NHL subgroup. in a pooled 
analysis regarding risks in relation to p ssiicide exposure, 
The pt1rposc was to enlarge the study size thereby 
allowing more precise risk estimates. 

MATERIALS AND METHODS 

Cases 

The NHL study encompassed male case. aged ~25 year: 
with NHL diagnosed during 1987- l 990 and Living in the 
lour most northern counties of Sweden and three counties 
in mid-Sweden [14). They were recruited from the 
regional cancer regi aries and only cases with hi topruho 
logically verified NHL were included, in total 442 cases. 
Of these ca. cs I 92 were dcccai ed. 
From (he natloual Swedi h Cancer Registry, J 21 male 

palients with HCL diagnosed during 19g7-1992 were 
idcmified from the whole country [ l 5]. One case later 
1umed CJul io have been diagnosed in 1993. but was 
included in rhe. tudy. Only !iv ing ca:e were i.ncltided. 

Controls 

Fnr Ii ing NHL ca~cs two nmlc controls matched for age 
and county wcr.l rcernitcd from th' National Populmio11 
Registry. 

For each deceased case two deceased controls marched 
also for 'Citr of deruh were identified from tl1e National 
Reg,i try for Cau e of De:nh. For d ceased ubjects 
interviews were peiformet.1 with the next-of-kin . 

Similarly. four mule controls matched for age and 
coumy were drawn ro each case of HCL from the Nati.onal 
Pop~1Jariou Regi ·try. 

Assessmrml of Exposttre 

1n both :,;tLtdies a simihu· questionnaire W,L, mailed to the 
study subjects or ncxHlf-kin for deceased individuals. A 
compl t~. working history was asked for as well as 
cxposn!'e to different chemicals. Jf the informatio11 was 
unclear a trained interviewer snppiemcnrcd the answer~ 
over lhc phone, thereby using written instructions, Ycnrs 
and tom! number of di\ys fo1• exposure to variotl.S agents 
were assessed. Al o name· of tliffcrent agents were 
carefully asked for. H necessary, tl1e Swedish Chemjcnl 
lnspe.erorate was co111:1c1ed to ohtain information t)n the 
chemical composition of different brnnds of peSLicit.le-s and 
other agents. A minimurn expo.sure of one working day 
(8 h) and a tumor inducri on period of at least one year were 
used in the coding of chemicals. Thu , total exposun:. Jes· 
than one day as well as exposure within one year prior to 
diagnosis (corrcspondin~· time for the mntchcd control) 
\Vere di regarded.. The qucslionm1ircs were blinded .1s lo case 
or conrrol status dttring the interviews and coding of dala. 

Statistical Analysis 

Conditional logistic regression analysis for matched 
stucUcs was performed wi!h the AS statistical pmgram 
(SAS fn ·titurc, Cary, NC). Thereby odds ratios (OR) and 
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1';\BLE n Exposure to uirrerem t)'fJe${)rherbicide.s with dose-response c~lculniloM. High expo urc i·- defined as > mcJi:in numbcr or'da •. foH·:,;po~ ·d 
subjects. Range uf exposure in tltl)~ given within parentnesis 

OR ten 

Tot:tl OR Cl; Medi~n number of days Lw High -- --··- 
Hertucufcs 

Phenoxyacenc ~cicls 
/\•1CPA 
2.4-D ·- 2.4.5-T 

Other 

1.75 (1.26-'.!.42) 
l,(,S (I. 16-2.34) 
2..1,_ (l.-10-'l.8 ) 
1AS (0.99--.20) 
.l.90 ( l.31-/i.:7) 

~3 (l-709) 
33 {l - 709) 
25 (1-,191) 
30 (l-70'JJ 
11 (1-220) 

1.74 (1.10-'.'..7!} 
1.6 (1.01 :!.6:i) 
1.94 (0.79 4 .. 5) 
U17 (LU, -3.20) 
LG (0.76--6.77) 

1.79 ( t.15-2,79) 
l.li7 ( l.02-2.69) 
3,61 (1..19-9,05) 
I 20 (0.68-2.08) 
3.37 (1.0 ·-II) 

95% confidence intervals (Cl) were obrained. Both 
univariarc and multivariate analyses were done. In thi. 
pooled analysis adjusuncnt was made tor srudy, study area 
:md •. ital sratu . When risk estimates for difl'etenl 
pe uicides were analyzed only subjects with no pesticide 
exposure were taken a~ unexposed, whereas subjects 
expo. cd m other pesticide: were di. regarded. 

lU~SULTS 

N 

The questionnaire was answered b 404 cases (9 J %) and 
71l I controls (84%) in the 'HI. study, Regarding HCJ. 111 
cases (91%) and 400 controls (83%) participated. Ju the 
following result: are given for the pooled anal •si?; 
containing 515 cases and 1141 controls. 

An increased risk wa · found tor exposure 10 herbicides, 
insecticides, fungicides and Impregnating agents. Table L 
Regarding specific ,1gent.s OR was highest for glyphosatc 
and MCPA. 

For herbicides dose-response calculations were also 
performed by comparing high and lov dose .exposurcs 
divided by the inedian expo .ure time in da. s. Table 11. 
Exposure l() MCPA gave a dose-response effect. Abo for 
the group constiruting of other herbicide. than phcnoxy 
acetic a ·id the risk was highest in the group with high 
exposure. 
For herbicides in total and phcnoxyacciic acids 11. a 

group the highest risks were seen when tier expo nire 
occurred 10-20 year, before diagnosis, Table 11.l. This 
was also the ca c for in ecricides and irnpregnuting agents. 
Within the latter group, however, 1111 induction period of 
20-->0 years gave the highest ri. k for borh creo: Ole and 
pcnrachlorophcnol. 
Tim' to diagno is from last exposl!l·e to diffe.r;•11t anents 

was al ·o used in the c.:alcu[atim1 of risk estimates, Table IV. 
Fnr phenoxyacetic acids the OR was highc ·t for exposure 
1-10 years 11rior to diagnosis whereas no increased risk 
wus een for those with lm,t e.-..posme >20 years from the 
lirnc of diagnosis. 

TABLE Ill Ei.posnrc tu phcnoxy:,cdk m:ids. insccrh:hks. imprc_£nnti-ng ,igem~ mul m.sanic solvi,ms. Cakuln1io11, rir• mndc wi1h exposure oivitlcd 
nccording to lime $ptm fru111 /ir,t cxposur.: to ding110sis (induction J crio<l) 

lndu~1ioll pcri-0d. yenr 

1-10 R (CL ~ 10-20 OR (Cl) > 20- 30 OR (Cl) >JO OR CD 

llcrhicidc~ 

l'hcnoxyuc~lk :icids 

1.00 
(0.0.5-11) 

MCPA 

1;\-l) ... 2:1,5-T 

.. 
~ ·-, 

l)l)'f 

Impregn:,tin.g agc1,,.; 

Cllfomphcnols 

Pe nr,,c h I orophcn o I 

LO 
(0.25-4. 70) 

-t 

J.20 
(O_ 7- ... l'l) 

-t 

-t 

Creosote 

Org;inic solvent:-. l,:il 
(0.(i5-3.37) 

2 .. 3'.! 
(l.04-5.(6) 

2. R 
(l.11-7.72) 

5.36 
(l..57-21) 

2.!r/ 
(0., 1-1 l} 

'.!:.!\·J 
(0.95-8 . .S,I) 

2.M 
{0.61-11) 

2.27 
(1.15-4.49) 

J.\)] 
(0.82-4,44) 

1 .. 91 
(0,, ~-4.'i'I) 

Cl.RS 
{0.0-1-7 .... 7) 

1.3~ 
{OJM-2.24) 

l.63 
(Cl.Si -2.9S) 

151( 
(0.~5-2. 76) 

/l.89 
(0.20 3.03) 

U\7 
(0.9S :UJ) 

2.t9 
(I.I ··4.17) 

l.63 
(0.80-3.16) 

U\9 
(t.07-3.:,o) 

1.90 
(0.9 '-3.65) 

.13 
( 1.07--1.25) 

... :n 
U.2<i-21) 

L4<, 
(1.00-2.U 

1.70 
(1.12-2.5$} 

1.50 
(0.94-2 '7) 

3,77 
(1.49-9.99) 

1.\5 
(0.67-1.93) 

1.31 
(0.96-1.i7) 

1.17 
(0.82- u;s) 

I.TI 
(U.M5- L75) 

1.13 
(0.73-1.71) 

l.13 
(0.73-l.72) 

1.34 
t{t69-1.l9) 

1.01 
(0.79-1..>0) 

A °1."I t:Xp(, c.d C.;13C$, (..llt(: cx1x1~(1 \.'1tf1Hfll, 
t Nu c!o.f:o. rU ~ul,jt:l·(;-,, 
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104(, L. l·JARDBLL ct ,1/, 

T,\ULE J f:;,,jlO urc 10 pncuoxyacedc acids, irnpregnadng agenls and organic solve.us. Calculrulons arc mnde with exposure divided according to 
time ~pm, from Inst exposure io dingnosis 

Time span, last cx1 osure-dlagnusis. years 

Agcrn ---- 1-IOOR (Cl) >10-20 OR (Cl) >20-30 OR {Cl) >3() OR (CI) 

Herbicides 

MCPA 

2.-1-D 2,'1,.5-i' 

I.$4 
(U.95-3.51) 

J.2G 
(0.57-2,62) 

_1 

Dll'f' 

fmpr~gn:1ting :1genb 

2.53 
(1.38-4.64) 

.. 22 
(1.59-6.65) 

3. ·2 
(l.:iS-7.99) 

-1.3l 
(l.1'2-21) 

'.U7 
(UO-·L02) 

1.-15 
W.65<l.10) 

1.92 
( 1.30-2.82) 

Chlornphenels 

Peruachlurnphenol 

Cn:o,ote 

-t 

-t 

2.56 
((l.S!\- 7.67) 

1.17 
((). I) 1 - l.50) 

I.GS 
(0.S8--3. l 4 

2.06 
~J.0]-4.09) 

2.:n 
(0,56-9,U\I\ 

l.85 
(0.90-J.7ll) 

0.87 
(0.-1$-1.5.IJ 

1.13 
(o.62-1.97) 

0.79 
(0.-10-1.46) 

l. 2 
( l ,0!.-2.25} 

I. '9 
(1116-_.'.n) 

fl.93 
(0.13-,l.17) 

l.UO 
(0.66- 1.50) 

l.:!2 
(0.(i6-2. l9) 

I.OJ 
(0.54-1.8 l) 

0.92 
(0.13-4.39) 

1,04 
(0.54-1.94) 

1.4~ 
(0.R5-2.41) 

I.Mi 
(O.&~ -2.SO) 

l.67 
(!l.X8-3.11) 

1.36 
(0.61-2.86) 

l.28 
{0.58-2.67) 

l.17 
(0.36-3.4'.\J 

1.39 
(0.84-2.'25) 

1.41 
(0.6- -.'.?.92) 

l.tlf, 
(0.94,-2.24) 

1.2() 
(0.69-2.02) 

1.19 
(0.61-2.21) 

OJM 
{O.'.l:!-1.96) 

0.8) 
(0.29-:!.01) 

1.54 
(0.60- -.75) 

0.99 
(0.56-1.69) 

one e.xpoSl!d case. one t:\p -.,:~I eontrol, 
t •o t:).1~:-,J Cll!IC' r ~~l)IHffll,. 

N 

Furthermore, exposure m phcncxyacciic acids during 
different decades Irorn the J 940s was analyzed. 
increased risk was found during. recent decades. 
Table V. 

1o statistically significant increased risk was found for 
Ille whole group of organic olvenn iJ1 this pooled 
analysis but when the solvents were subgroupcd 
according to specific substances there were increased 
risks Ior vauolen (OR= l.91 CJ= 1.03-3.49; n = 20 
cases) and aviation fuel (OR= 3.56, CI= 1.03-12; n = 6 
cases). 
Multivariate analysu of exposure to phcnoxyacetie 

acids, insecticides. fungicides and impregnating 11gems is 
presented in Table VI. An increa ed risk persisted for 
exposure to herbicides, fungicides and impregnating 
agents. however not statisticnlly significant. 

A separate multivariate analysis was performed on 
exposure to herbicides. Lower risk estimates were 
obtained although nil herbicides still constituted risk 
factors for NHL, Table VIL 

TABLI::: V Exposure tll phenoxyacetic acids during <llfferc1\l decades. 
Note 1ha1 one ·uhjcct may occur during several decades 

DISCUSSION 

The cases in this study were identified by using the 
Swedi ·h Cancer Registry, which is composed hy six 
regional registries. In Sweden, the reporting of malignant 
diseases 10 the Cancer Registry i~ compulsory, which 
makes it likely that most incident cases in the study area 
were identified, Controls were selected from the National 
Population Registry and, in order to minimize recall bias, 
deceased controls were used for deceased cases in one of 
the studies [ 141 which were the basis for this analysis. Ia 
the other only living ens 'S were included [l 5]. Rcc:ill bins 
is always a matler of conce.rn in a ca e-control stndy with 
self-reported exposures. Farmer as occupnlion did not 
increase the risk in lhis pooled analysis (OR = 1.19, 
CI= 0.95·-1.49) which indicates rim the dsk increase for 
pc.~ticidcs was :not explained merely by misdassification 
of exposure. All interviews and coding of data were 
performed blinded as 10 case or control smus in order to 
minimize observational bins. 

TABLE VI Mttlthwi~te ,maly. is 11fc:tposl•re 10 pc.,ric.ide,, 

UnivMlatc Mult1vnri3\c 
l)~cade Casesl<'omrols OR Cl 

1\gcnt OR Cl OR Cl 
19,10, -1/6 1.46 0.37-5.23 
J9Slls 356~ IAJ\ 0.91-2.16 Hcrb1ciiJc 1.r 1.26-2.4'.4 U9 0.96-2,02 
1%0~ -IJ/58 l.6S 1.10-2.55 lllSCt'ticidcs l.4:-1 1.08-l,87 1.07 O.iS-1.4' 
1970s .,'.!/.'J !.37 l . .J.~-3.95 Fungicides :u, l.56-6.21 202 0.97-4.23 
l'>8U, Hi/'.B J.2:'i !.53-7.07 lm1 regnnting ngcms 1,4!\ 1.11-1.% l.30 0.9S-1.72 
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NHL At\'l) HCL ANL> f'l~STICIDES l(J.q 

T OLE \Ill Muhivariatc mialy,is 11f expnxure In herbi i,:ks. 0 Id~ 
r:i1i.-,; (OR) and 95'k C(l11tl,J ·11 ·,• inrcr,·.tls ((:[1 ure given 

Uni-.·~tri:ite 

OR _____ , .... , .. 

/1.lCP.o, 
2.-1-D 2.-:.5-1' 
tilyµhu;;uc 
Uth,·1 hnh,r.ide., 

N 
..... ro 

>, 
,D 
'O 
Cl) 
'O ro 
0 

1 
0 
0 

2.t,:! 
L.-l8 
: .04, 
'l,I)(') 

CJ 

l.-1\l--Urn 
O.\J9-2.:W 
1.08- .5:! 
l.3•1-6.37 

OR Cl 

(1.77-.t."1 
fl. S-1.96 
o.~5-6 . .!<J 
1.02-5.15 

Thi· uudy wa · a p mlerl analysis of two case- orurol 
. tudies, om: on NHL [ 141 and the other on I !CL [ J 5 J tu 
provi le larger numbers. which would allow more detailed 
annlys cs regarding the timing of exposure and ~,djui:tmcnt 
uf multiple exposures. This method ,,,,1 · justified since 
HCL i.· 11 type of NHL and similar methods and 
qucstionnairev were used in both studies. Also the lindiugs 
regarding p ricidc exposure were r ·Jmiv •ly homogcnous 
f r both studies, The smaller HC!. study had ,1 somewhat 
hiuher prevalence of exposure ~1\d therefore has in this 
pool d analys i. more weigb; than one would cxpc:c1. 

Conditional logistic re.~·e~ siou anal_ si wa p .rrormcrl 
since both rudie: in thi .. pooled analysis were. matched. 
Heterogeneity in '1r1dino - w~1:; averaged after. trutification 
by study, Since the Nl-ll, study included also deceased 
cases and controls adju: rmcm was mud .. for vitul status . 
Finally, in the HCL study th · whole Sweden was included 
as stud base whereas i11 the Nl:IL study only parts of 
Swed n wcr included. Thus. adjusuuent wus made for 
geographical area for cases and controls, i.e, cotnll)•. 

In the mullivrufot,' • n::tly is exposure to herbicide:. 
fungicide. and irnprcgnntim! ugt·111s incrca cd the risk 
althot•gh OR a lower th1111 in the univariate. analysis. 
Signi rlca11fly iucreas d ris\, remained only for the 
hc1crogcncous grm1p of "other herbicides''. Tllc results 
in multivariate analysi!i. must be i11terpre1c;d with caution 
sincc.: exposure to different types of pesticide· cunelli!C. 
Multivariate analysi i: lll:tinly usi.:fol 10 estim 1tc 1l1t! ri~k 
factor::; that ·ccn1 tr; h~ must imµllrttinl. 

Several previow . 1urlics have assc>ciatt:d expo ·me ll> 
phcnoxyncetic ,ici<l. µriinnrily 2.4·D nnd 2A5-Lrichlorn 
phr110:,;yaec1ic llL:id (2,4,5-T). wi,IJ an increased risk for 
NHL [8-12.16-ll:!J. Concerning 1CPA dm,1 are ~p,u,·c 
alrhough in our lin;l ~audy on NHL. wt~ fo1111d an in Teased 
risk 19.1 OJ. 

In thi, pooled analysi·, most subj ·<:ts were regarding 
hcrhkide·· ex1 t>~cu 10 phcnoxyacctic acids. mostly the 
combination er :'.?.,4-D and :2,:1,5-T. 2,4-D was withdrnwn 
from the Swcr!ish markcl in J990 <1nc.J 2.4.5-T wa. 
prohibited in 1977. /\I o MCPA. the phenoxy herbicr.tlc 
·till commonly u~ ·u in S\veden. inc:r~asecl the risk for 
NHL Glyphosarc i. th' herbicide now Jll(JStly used in 
Sweden. 1n 1his 1;tudy. exposure 1n t~lyphosati:: w;.is ,1 risk 
fnctor for NHL. Thus, rc~ai' ling h rhicid i> lymphoma 
g"ucsis i.,:cms nc,L to be clcJ endiug on conrnminming 
tlioxin., i.e. 2, .7. '-TCDD in 2;1,5-T. A contribuling 
e.ffect of such exposurt. cannot b' cxdndcd, ::i.ltlmu~h not 

,;uppurteJ by mortality result, in n ohort of workers 
c ·p $Cd to 2.3.7.8-TCDD f J9J. JARC ctn.sificd rccenlly 
2.3,7,S-TCDD as a hwnau c,u--i,10gen. Gronp I f_Q[. 

In the uni :trim amilysis c.xposure lo itm:ctit·idcs. 
mostly DDT, incr~ascd the risk for HL. 1n .the 
multivuriati:: a11aly<;i1- no risk wa. found. Thi. i~ in 
11c ord:ince with our pr<!viuu~ r,·sulB [9.101 and i1 pnol .d 
.annly. i. of 1hrcc ·nsc-c-ontrol slmlies concluded that DDT 
is uol a ri k fa tor f()r NHL [21 ]. Funhcnnore. maly:i • of 
scrum DDT/DDE hu, not given n cl nr l\'lsocia1ion wiLh 
Nl:iL [22,--1,2 ]. 

Regarding fungicides an int:Na -ed ri ·k for 'HL Jws 
pr~viuusly been reported fr m llSA LI I J. Our res11lt wirh 
increasec..l risk for Nl-JL 1'ie1.d: to b.:? funhcr . 1ucticd since 
the f'inding was bn ·cd 011 few subject· e.xposcd IO sc:vcrnl 
t 'J:>C or tun •icitlcs. 

Cbluropht:nols, which arc hcmically retutell lO 
phcnox.yaceti1: .acius and have t ccu 11scd os e.g. wo<id 
pr-·~eJ'\'ativcs. were: btutned ji, wcden in JC}7S. An 
inae~scd risk f r NJ-IL wa ... ~ found in Llli · pooled mmlysis, 
but :ii ·o for e>,,pO 11rc to ar~ nie and i.:reosnte- Both 
C'hlmophem,ts an :l i.:rco·ote ha,, been a .. ociatcd with 

1HL [26.27J. 
/\n assoc:ialion bc1wccn exposure. to orgtmi<.: solvents 

and NHL ha!'> bell d~~crib•d [9.10,2, ·-30J. However, 
s11ch :in :1s~ocia1ion ,va~ not cw1tirmcd now although an 
inHucnc~ of lumm 1rnluctio11 p ·rioi.l enn not be rnled ,1tt1, 
l'j.. beli)w. l\nother pos~ibility might he that solvents used 
during lul<.:r ye;irs arc le:s l xic than prcvjously, e.g. water 
based, and that lhL'.y ~re more cautiously handled [311- 
To furtll''I' ~1ucidatc me hunism. in lyrnphomagcne:is 

analysi of wmor-iuduction period (lutcne. ') und als\J lillle 
from Inst. expo~urt: to uiagno i wa. performed. Thereby 
the orn:~ponding year l'or diu:•nusis w.i us.:d J'u1 the 
m:llched ec111troL For 2,.4-D, 2,4.5-T :llHl chlnrophenols mJ 
suhjec:t had first exposure during 1-10 car prior to 
diag1)c,sL luc to rcstric.tion · in tbe u ·c uf these chemical 
iil Swed 'U during that time period. Fnr fungicide~ such 
calculations wt'1'C not meani11gful due 10 low numl er of 
expo. eel ,;uhjccts. 
The highr:-..st rl k for cl(posure 10 ht:rbi1:ides, i11secticidcs; 

and iinpre0natfog -ubst.inccs was found tor last exposure 
1-10 year: prior ,o diagno:is. Currcs1 ondi11gly, in gencrnl 
1hc !owe t risks were fount! fur 1be longes1 tnmor 
indu tion pedods. 

Do thc:c results cast funlie.r light on the etiology of 
NHL? Cc1t:1inly, c pusure to son'le chcmicaL is of 
~iguificance ill lymphnm:igenc:is. Fnrthcrmmc. bcnring in 
mind thut scvenil or 1hese d1emical.s arc irnnrnnntoxic. c.". 
certain pcsLicides :rnd ch'lotuphcnols [27,32,331 :md 
imnrnnosuppression is an cs1ahlislicd ri k. factor ror 
NHL 1341 ·uch to:11,;ity might be of importance for 
ehcmicill agents. 

Vinre h,1vc been associated with lymphtmrn · in 
anim, I (35.361 uud mori.:: pccitkally F.BV for humans 
[7. 71, Virus proliferaticu in lympho·yte: is held ha k by 
the inrnmnc syi;1cm and inunum>suppr~s ·ion may be 
followed by dcve'Jopmcm of bolh B-cell anti T-cell 
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lymphoma in animals 1·'R<Nj. Fm renal transplant 
patients treated with immunosupprcst i\· drugs the ri. k for 
NHL is highest during the fiJ I yenrs alter n·.1ns1•lnni,uioo 
mid then declines !40]. 
Timing of exposure in relation to risk of NHL. 

particularly in n:g,:.ird lei higher risk for recent exposures, 
seemed l<) he an inter . ting result regarding lymphoma 
gene is. Several iurcrprc tarious are pos iible such as 
chance finding. l.ue stage iu lyrnphomagenesis, typ!! of 
exposure or interaction with other factor . Ccnninty 
humunmodnlauon by pesticides 132, 31 is one hypothesis 
whi h should be more elaborated cm, possibly with 
interaction with luteru irus infection such as EBV. ·111is 
might explain the short tumor induction period. 111 fact, 
results from the in .ludc l HCL-~n1dy hewed interaction 
between EHV-infcctio11 and expo ure to such chemicals 
j.1.l t ,42]. Addit ional ly, polyehlorinured hiphenyls 
f-'1,24.25J and chlordane: [23,'.M J. chemicals th:it arc 
immunoioxic 143,44 J, have been associnted with ,i11 
increns ·d risk for 1 !IL. 
The etiology of NHL is multifa torial and further 

studie» shoulrl consider irumunoro .ic effect by the 
:-t11cticd chemicals :i: wcl] ,,s turner induction period :111d 
i11u:·1-ac.:t1011 with virus inlectk n. e.g. EU V. 
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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 multiple exposures is important in accurately estimating specific effects 
and in evaluating realistic exposure scenarios. 

Farming 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 
phcnoxyacetic acids, most notably 2,4-dichlorophenoxyacctic 
acid ( 2,4-D) _,-,o Organochlor inc, organophospha tc, carbamate, 
and triazine pesticides have also been Impllcared.!" 11-14 

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.":" Although the true 
prior distributions arc 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." 

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" and carbarnate" insecticides were 
positively associated with the risk of NHL. Lindane use was 
associated with slightly increased incidence of NHL, 1' whereas 
DDT use was not." There was also a slightly increased 
incidence associated with atrazine exposure." 

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,' 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, 11 all newly diagnosed 'cases of NHL among 

Abbreviations: 2,4-D, 2,4-dichlorophenoxyacetic acid; NHL, 
non-Hodgkin's lymphoma; OP, organophosphorus 
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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 21 years or older was selected from the 
statewide 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, followed 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 (I) 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 I 933 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, 
NHL 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 
prespccified 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 I). 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 exchangcability" included the groupings: insecti 
cides (versus herbicides), organochlorines, organophosphates, 
carbamates, phenoxyacetic acids, triazines, amides, and 
benzoic acids (see table I). 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://monographs.iarc.fr/), carcinogenic probability 
for any cancer (not limited to NHL), was defined as a continu 
ous variable ranging between O and I (algorithm for variable 
definition is included as footnote to table I). 

Another component of each pesticide effect's prior 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% certainty, that the rate ratio for each pes 
ticide, after adjusting for the second-level covariates, would 
fall within a IO-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 IO-fold range, residual variance = ( (ln( 10) )/ 
3.92)' = 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 number of 
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Table 1 Second-level matrix far hierarchical regression analysis, showing values of "prior covariates" for each 
pesticide of interest*t 

Organa- Organa- Phenaxy-acetic Benzoic Carcino~enic 
Pesticides Insecticides chlorines phospates Carbo mates acids Triozines Amides acids probabi ity 

Insecticides 
Aldrin 1 0 0 0 0 0 0 0.6 
Bufencarb 0 0 1 0 0 0 0 0.3 
Carbaryl 0 0 1 0 0 0 0 0.3 
Carbofuran 0 0 1 0 0 0 0 0.3 
Chlordane 1 0 0 0 0 0 0 0.8 
Capper aceloarsenile' 0 0 0 0 0 0 0 1.0 
Caumaphos 0 1 0 0 0 0 0 0.3 
DDT 1 0 0 0 0 0 0 0.8 
Diozinon 0 1 0 0 0 0 0 0.3 
Dichlorvos 0 l 0 0 0 0 0 0.8 
Dieldrin 1 0 0 0 0 0 0 0.6 
Dimethaale 0 1 0 0 0 0 0 0.3 
Ethoprop 0 1 0 0 0 0 0 0.3 
Famphur 0 1 0 0 0 0 0 0.3 
Fly, lice, lick sproy 0 0 0 0 0 0 0 0.3 
Fonofos 0 1 0 0 0 0 0 0.3 
Heplachlor 1 0 0 0 0 0 0 0.8 
lead arsenate' 0 0 0 0 0 0 0 1.0 
Undone 1 0 0 0 0 0 0 0.3 
Malathion 0 1 0 0 0 0 0 0.3 
Methoxychlor l 0 0 0 0 0 0 0.3 
Nicoline 0 0 0 0 0 0 0 0.3 
Phorale 0 1 0 0 0 0 0 0.3 
Pyrethrins 0 0 0 0 0 0 0 0.3 
Rotenone 0 0 0 0 0 0 0 0.3 
Tetrachlorvinphos 0 1 0 0 0 0 0 0.3 
Toxaphene 1 0 0 0 0 0 0 0.8 
Terbufos 0 l 0 0 0 0 0 0.3 

Herbicides 
Alachlor 0 0 0 0 0 0 1 0 0.3 
Atrazine 0 0 0 0 0 l 0 0 0.3 
Benlazon 0 0 0 0 0 0 0 0 0.1 
Butylate 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 
Dicamba 0 0 0 0 0 0 0 1 0.3 
EPTC 0 0 0 1 0 0 0 0 0.3 
Glyphosale 0 0 0 0 0 0 0 0 0.3 
linuron 0 0 0 0 0 0 0 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 0 0 0 0 0.3 
Paraquat 0 0 0 0 0 0 0 0 0.5 
Propachlor 0 0 0 0 0 0 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 
Trifluralin 0 0 0 0 0 0 0 0 0.5 

*Carcinogenic probability value is created by combining the classifications from the IARC Monographs Programme on the Evaluation of Carcinogenic 
Risks lo Humans and the US EPA Integrated Risk Information System. Assignment of carcinogenic probability bb order of priority: 1 .0 = classified as a 
human carcinogen on either assessment; 0. 9 = probable human carcinogen in both assessments; 0.8 = probe le human carcinogen in one assessment 
and possible human carcinogen in other assessment; 0.6 = probable human carcinogen in one assessment and unclassifiable in the other; 0.5 = possible 
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-ccrcincqenicity in either assessment. 
[Used 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 multivariablc 
analysis of the set of 47 specific pesticides because of their 
infrequent use). The number of pesticides was coded using 
indicator variables ( 1 pesticide, 2-4 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 pesticides] 
Included in analyses of multiple 

Pooled study pesticides 

Cases Controls Cases Controls 
Characteristics (n=870) (n=2569) OR (95% CL):j: (n=650) (n=l 933) 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 (55.0%) 1.0 449 (69.1%) 1166 (60.3%) 1.0 
Proxy respondent 325 (37.4%) 1156 (45.0%) 0.7 (0.6 to 0.9)§ 201 (30.9%) 767 (39.7%) 0.7 (0.6 lo 0.8) 

Age (years) 
<40 53 (6.1%) 280 (11.0%) 0.7 (0.5 lo 1.0)§ 40 (6.2%) 211 (10.9%) 0.7 (0.5 to 1 1) 
40-59 196 (22.6%) 493 (19.3%) 1.5 (1 1 to 1.9)§ 160 (24.6%) 388 (20.1%) 1.6 (1.2 to2.1) 
60-79 478 (55.1%) 1261 (49.4%) 1.4 (11 to 1.7)§ 355 (54.6%) 969 (50.1%) 1.4 (1 1 to 1.8) 
;i,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 GEDI! 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 lo 1 .2) 122 (19.0%) 368 (19.4%) 1.0 (0.8 to 1.2) 
College 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%) 1.0 243 (37.5%) 775 (40.1%) 1.0 
Yes 621 (71.9%) 1780 (69.5%) 11 (0.9 to 1.3) 405 (62.5%) 1157 (59.9%) 1 1 (0.9 to 1.3) 

First degree relative with haematopoietic cancer 
No 792 (92.5%) 2452 (96.8%) 1.0 594 (92.8%) 1863 (96.7%) 1.0 
Yes 64 (7.5%) 80 (3.2%) 2.5 (1.8 to 3.5) 46 (7.2%) 63 (3.3%) 2.3 (1.5 lo 3.4) 

Histological subtype 
Follicular 243 (28.0%) 196 (30.1%) 
Diffuse 334 (38.5%) 233 (35.9%) 
Small lymphocytic 99 (11.4%) 77(11.9%) 
Other 192 (22.1%) 144 (22.2%) 

*Pooled study population limited lo males and following exclusions. 
tAny observation with a missing value for any of the 47 mulliple pesticides was not included in analyses. 
:j:Odds ratios (OR) and 95% confidence limits (CL). 
§Odds ratios for the matching faclors are not interpretable for their relation with NHL, but are presented for comparison lo odds ratios for the subgroup 
included in analyses of multiple pesticides. 
l!GED, General Equivalency Diploma. 

using logistic regression in models including variables for the 
joint exposure and two individual exposures, the 45 ocher 
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 
(!CR= QRjoim exposure - QRindi\1\\11,11 t''-l'°rn1,· Ill - QRlm!Mllu.il •·1t.posuw ll + l ).14 
!CR 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 ( chose 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 rnidwcstern 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.'" 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 
jects 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 differ 
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 controls; however, most of the odds ratios were not 
increased in the multivariable models (table 3 ), primarily due 
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 4 7 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 ~ 1.3 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 acetoarscnire. and the herbicides atrazine, glyphosatc. 
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* 

Exposed [n (%)] 
Hierarchicol 

Cases Controls Logistic regression regression OR 
Pesticides (n=650) (n=l933) OR (95% CL)t (95% CL) 

Insecticides 
Aldrin 47 (7.2%) 115 (5.9%) 0.5 (0.3 to 0.9) 0.6 (0.4 to 1 .0) 
Bufencarbj: 6 (0.9%) 1210.6%) 11 10.3 lo 3.7) 1.0 10.4 lo 2.3) 
Carbary! 30 (4.6%) 57 (2.9%) 1.0 (0.5 to 1.9) l. l (0.6 to 1.9) 
Carbofuran 41 (6.3%) 96 (5.0%) 0. 9 (0.5 to 1.6) 1 .0 (0.6 to l .7) 
Chlordane 39 (6.0%) 65 (3.4%) 1.5 (0.8 to 2.6) 1.3 (0.8 lo 2. l) 
Copper aceloarsenite 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 (1.0 to 5.8) 1.7 (0.9 to 3.3) 
DDT 98 (15.1%) 226 (11.7%) 1.0 (0.7 lo 1.3) l .0 (0.7 to l .3) 
Diazinon 40 (6.1%) 62 (3.2%) 1.9 (1 l lo 3.6) 1.7 (1.0 lo 2.8) 
Dichlarvos 16 (2.5%) 37 (1.9%) 0.9 (0.4 lo 2.0) 0.9 (0.5 to 1.7) 
Dieldrin 21 (3.2%) 39 (2.0%) 1.8 (0.8 lo 3.9) 1.4 (0.8 to 2.6) 
Dimethoatej: 5 (0.8%) 11 (0.6%) 1.2 (0.3 lo 5.3) 1.2 (0.5 to 2.8) 
Ethopropj: 4 (0.6%) 14 (0.7%) 0.7 (0.2 lo 2.9) 0.9 (0.4to2.l) 
Famphur 12 (1.8%) 34 (1.8%) 0.7 (0.3 lo 1.7) 0.8 (0.4 to 1.5) 
Fly, lice, or lick spray 162 (24.9%) 408 (21 1%) 0.9 (0.7 to 1. l) 0.9 (0.7 lo 1 1) 
Fonofos 28 (4.3%) 44 (2.3%) 1.8 (0.9 lo 3.5) 1.5 (0.9 lo 2.7) 
Heplachlor 28 (4.3%) 53 (2.7%) 1 1 (0.6 lo 2.4) 1 1 (0.6 to 2.0) 
Lead arsenate 9 (1.4%) 25 (1.3%) 0.5 (0.2 lo 1.2) 0.6 (0.3 lo 1.3) 
Undone 59 (9.1%) 109 (5.6%) 1.2 (0.7 to 2.0) 1.2 (0.8 lo 1.9) 
Malathion 53 (8.1%) 100 (5.2%) 1 l (0.610 1.8) 1 l (0.7 ta 1.7) 
Methoxychlar 9 (1.4%) 20(1.0%) 0.8 (0.3 lo 2. l) 0. 9 (0.4 to l. 9) 
Nicoline 24 (3.7%) 50 (2.6%) 0.9 I0.5 lo 1.6) 1 .0 10.6 lo 1 .6) 
Phorale 28 (4.3%) 67 (3.5%) 0.8 (0.4 lo 1.6) 0.9 (0.5 to 1.5) 
Pyrethrinsj: 6 (0.9%) 12 (0.6%) 1.0 (0.3 to 3.2) 1.0 (0.4 lo 2.3) 
Ratenone 10(1.5%) 26 (1.4%) 0.7 (0.3 lo 1.7) 0.8 (0.4 to 1 .5) 
Tetrachlorvinphosj: 3 (0.5%) 11 10.6%) 0.4 IO. l lo 1.8) 0.8 (0.3 lo 1.9) 
Toxaphene 1712.6%) 34 (1.8%) 1 l (0.5 ta 2.4) 1.1 (0.6 to 2.0) 
Terbufos 21 (3.2%) 50 (2.6%) 0.8 (0.4 lo 1.8) 0.8 (0.5 lo 1.6) 

Herbicides 
Alachlor 68 (10.5%) 152 (7.9%) 1 1 (0.7 lo 1.8) 1 .0 (0.6 lo 1 .6) 
Alrazine 90 (13.8%) 185 (9.6%) 1.6 (1 l to 2.5) 1.5 (1.0 lo 2.2) 
Benlazon 22 (3.4%) 58 (3.0%) 0.7 (0.3 lo 1.5) 0.8 (0.4 lo 1.4) 
Butylate 28 (4.3%) 56 (2.9%) l .2 (0.6 to 2.3) 1.2 (0.7 lo 2.0) 
Chloramben 34 (5.2%) 81 (4.2%) 0.9 {0.5 la 1.6) 0.9 {0.5 lo 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 (0.6 to 1 l) 0.9 (0.6 lo 1.2) 
Dicamba 39 (6.0%) 79 (4.1%) 1.2 (0.6 lo 2.3) 1.2 (0.7 to 2.1) 
EPTC + proteclanl 13 (2.0%) 29 (1.5%) 1.2 (0.5 lo 3.1) 1 1 (0.5 lo 2.3) 
Glyphosale 36 (5.5%) 61 (3.2%) 2.1 (1 1 lo 4.0) 1.6 {0.9 lo 2.8) 
linuron 5 (0.8%) 22 (1 1%) 0.3 (0. l lo l .2) 0.5 (0.2 lo 1.2) 
MCPA 811.2%) 1610.8%) 1.0 10.4 lo 2.6) 0.9 (0.4 lo 2.0) 
Metolachlor 13 (2.0%) 37 (1.9%) 0.7 (0.3 lo 1 .6) 0.7 (0.4 to 1 .5) 
Metribuzen 20 (3.1%) 53 (2.7%) 0.8 (0.4 to 1.7) 0.8 (0.4 to 1.5) 
Paraquat+ 2 (0.3%) 15 (0.8%) 0.1 (0.02 lo 0.7) 0.5 (0.2 lo 1.2) 
Propachlor 20 (3.1%) 50 (2.6%) 1.0 (0.5 to 2.0) 1.0 (0.6 to 1.9) 
Sodium chlorate+ 8 (1.2%) 7 (0.4%) 4.1 (l.3 lo 13.6) 1.8 (0.8 lo 4. 1) 
2,4,5-T 25 (3.9%) 63 (3.3%) 1.0 (0.5 to 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 lo 1.4) 

*Each estimate is adjusted for use of all other pesticides listed in table 3, age, and study site. 
[ Odds ratios (OR) and 95% confidence limits (CL). 
+Criteria for inclusion in the models was a pesticide 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 
(results 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 l 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 co 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; :35 
pesticides: OR= 1.1). 
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Table 4 Effect of number of pesticides used on NHL incidence* 

Number of 
pesticides Cases Controls Loqistic regression Hierarchical regression 
used (n=650) (n=l933) OR (95% CL)t OR (95% CL) 

Any pesticide 
0 370 1252 1.0 1.0 
l 89 (13.7%) 230 (11.9%) 1.2 (0.8 to 1.8) 11 (0.9 to 1.7) 
2-4 87 (13.4%) 221 (11.4%) 1 .0 (0.6 to 1 .6) 1.0 (0.7 to 1.5) 
;,,5 104 (16.0%) 230 (11.9%) 0.8 (0.4 to 1.9) 1.0 (0.5 lo 1.8) 

Any insecticide 
0 382 1292 1.0 1.0 
l 114 (17.5%) 281 (14.5%) 1.3 (0.9 lo 1.9) 1.2 (0.9tol.7) 
2-4 86 (13.2%) 237 (12.3%) 1.0 (0.5 to 1.8) 0.9 (0.6 to 1.4) 
;,,5 68 (10.5%) 123 (6.4%) 1.9 (0.6 to 5.7) 1.4 (0.7 to 2.9) 

Any herbicide 
0 489 1544 1.0 1.0 
1 50 (7.7%) 132 (6.8%) 1.0 (0.6 to 1.9) 1.1 (0.7 lo 1.7) 
2-4 52 (8.0%) 132 (6.8%) 0.8 (0.4 lo 1.9) 1 .0 (0.6 to 1 .6) 
;,,5 59 (9.1%) 125 (6.5%) 0.8 (0.2 to 3.3) 1.0 (0.5 to 2.2) 

"Potentially carcinogenic" pesticides 
0 496 1632 1.0 1.0 
1 74 (11.4%) 168 (8.7%) 1.6 (0.8 to 3.1) l l (0.8 to 1.7) 
2-4 68 (10.5%) 123 (6.4%) 2.7 (0.7 to 10.8) 1.3 (0.7 lo 2.3) 
;,,5 12 (1.8%) 10 (0.5%) 25.9 (1.5 to 450.2) 2.0 (0.8 to 5.2) 

Exposed [n (%)) 

*Each estimate is cdjusted for use of all pesticides listed in table 3, age, and study site. 
tOdds 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 atrazinc. and alachlor 
and atrazine had estimated joint effects that were more than 
additive (ICR ;.o.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 exchangeabilitv, 

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 Estimated individual and joint effects of pesticide combinations on NHL 
incidence* t 

Exposed [n (%)) 

Individual and joint Cases Controls Logistic recression Hierarchical regression 
pesticide exposures (n=650) (n=l933) OR (95% L):j: OR (95% CL) 

Chlordane and DDT 
Neither 543 1687 1.0 1.0 
Chlordane only 9 (1.4%) 20 (1.0%) 11 (0.4 to 2.7) 1.0 (0.5 to l .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) 

Corbofuron and olrozine 
Neither 557 1728 1.0 1.0 
Carbofuron only 3 (0.5%) 20 (1.0%) 0.2 (0.1 lo 1 1) 0.6 (0.3 to 1 .3) 
Atrozi ne only 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 olrozine 
Neither 551 1730 1.0 1.0 
Diozinon only 9 (1.4%) 18 (0.9%) 1.2 (0.5 to 3.1) l 1 (0.5 lo 2.3) 
Atrazi ne only 59 (9.1%) 141 (7.3%) 1.5 (1.0 to 2.3) 1.3 (0.9 lo 1.9) 
Both 31 (4.8%) 44 (2.3%) 3.9 (1.7 lo 8.8) 2.3 (1.2 to 4.2) 

Alachlor and olrozine 
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 lo 1.3) 
Alrozi ne only 37 (5.7%) 86 (4.5%) 1.3 (0.8 to 2.1) l .2 (0.8 lo 1.8) 
Both 53 (8.2%) 99 (5.1%) 2.1 (1.1 to3.9) 1.6 (1.0 to 2.7) 

Atrazine and dicamba 
Neither 552 1729 1.0 1.0 
Atrozi ne only 59 (9.1%) 125 (6.5%) 1.5 (1.0 to 2.4) 1.4 (0.9 lo 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 (1.0 to 4.7) 1.6 (0.9 lo 2.9) 

*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. 
:j: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." Environmental factors 
such as pesticides could play a role in this persistent increase, 
since their use became more widespread during this time 
period.' ... ,. Several aetiological mechanisms of pesticides in 
relation to NHL have been proposed, including gcnotoxicitv 
and immunotoxicity,"" 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 
used, we assumed that the use of any five or more pesticides 
was 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 differcnt-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 pesticides 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 carbaryl measures 
with NHL were eliminated by adjustment for diazinon, 
including carbar yl 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 
Ionofos. is consistent with previous analyses of the pooled 
data," 20 and also corroborates findings of other studies.'" OP 
insecticides arc 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 
stimulation," or inhibition of serine cstcrases found in mono 
cytcs. 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 organochlorine 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 atrazinc 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 triazinc herbicide manufacturing work 
ers, there was an excess number of deaths from NHL (n = 3) 
among a group of men with definite or probable exposure; 
however, some of the cases worked in triazine related jobs for 
short time periods, thus clouding interpretation." 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 atrazinc. 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 arrazine in combination with 
carbofuran. diazinon. or alachlor. This is a factor to consider in 
future studies of this widely used pesticide. 

Glyphosatc. 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 
health effects of glyphosate. even though one review 
concluded that the active ingredient is non-carcinogenic and 
non-genoroxic. '0 
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 modelling 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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manufacturers" 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 HLA-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 

cxplora tion 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, if a 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 arc 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 Al shows the pesticide combinations considered in 
analyses ofjoint and individual exposures. 

Table A 1 Pesticide combinations considered in analyses of joint and individual 
exposures 

Insecticides Insecticide and herbicide Herbicides 

DDT and chlordane 
DDT and lindone 
DDT and mololhion 
DDT and fly, lice, or lick spray 
DDT and oldrin 
Undone and malathion 
Undone and oldrin 
Malathion and oldrin 

Aldrin and olochlor 
Aldrin and olrozine 
Aldrin and 2,4-D 
Aldrin and triflurolin 
Corbofuron and olochlor 
Corbofuron and olrozine 
Corbofuron and 2,4-D 
Chlordane and 2,4-D 
DDT and olochlor 
DDT and olrazine 
DDT and 2,4-D 
DDT and lrifluralin 
Diozinon and olrazine 
Fly, lice, or tick spray and olochlor 
Fly, lice, or tick spray and otrazine 
Fly, lice, or tick spray and 2,4-D 
Fly, lice, or tick spray and trifluralin 
Undone and olochlor 
Undone and otrazine 
Undone and 2,4-D 
Undone and triAuralin 
Malathion and olochlor 
Malathion and olrazine 
Malathion and 2,4-D 

Alochlor and olrozine 
Alochlor and chloromben 
Alochlor and cyonozine 
Alochlor and 2.4-D 
Alochlor and dicombo 
Alochlor and glyphosole 
Alochlor and trifluralin 
Atrozine and cyonozine 
Atrazine and 2,4-D 
Atrozine and dicombo 
Atrozine and glyphosole 
Atrozine and triAurolin 
Chloromben and lrifluralin 
Cyonozine and 2,4-D 
Cyonozine and lrifluralin 
2,4-D and triAuralin 
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We report a population based case-control study of exposure to pes 
ticides as risk factor for non-Hodgkin lymphoma (NHL). Male and 
female subjects aged 18-74 years living in Sweden were included 
during December 1, 1999, to April 30, 2002. Controls were selected 
from the national population registry. Exposure to different agents 
was assessed by questionnaire. In total 910 (91%) cases and 1016 
(92 % ) controls participated. Exposure to herbicides gave odds ratio 
(OR) 1.72, 95% confidence interval (CI) 1.lS-2.51. Regarding phe 
noxyacetic acids highest risk was calculated for MCPA; OR 2.81, 
95% Cl 1.27-6.22, all these cases had a latency period >10 years. 
Exposure to glyphosate gave OR 2.02, 95% Cl 1.10-3.71 and with 
>10 years latency period OR 2.26, 95% Cl 1.16-4.40. Insecticides 
overall gave OR 1.28, 95% CI 0.96-1.72 and impregnating agents 
OR 1.57, 95% CI 1.07-2.30. Results are also presented for different 
entities of NHL. ln conclusion our study confirmed an association 
between exposure to phenoxyacetic acids and NHL and the associa 
tion with glyphosate was considerably strengthened. 
© 2008 Wiley-Liss, Inc. 
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Non-Hodgkin lymphoma (NHL) is a heterogeneous group of 
lymphoid malignancies, where new classification systems based 
on immunoh.istochemistry, cytogenetics and evolving knowledge 
in clinical presentation and course has lead to modem classifica 
tion systems.' Today, it is therefore more adequate to discuss 
NHL as many different diseases, which share some features but 
also differ in several aspects. 
Interest in the etiology of NHL has been strengthened by an 

observed substantial increase in the incidence of the disease from 
the 1960's to the 1980's as reported from most countries with reli 
able cancer registries. However, this increase has clearly leveled 
off in many countries since the early 1990's, i.e., in Sweden, Den 
mark and the USA.2 The established risk factors for development 
of NHL include different immunosuppressive states, e.g., human 
immunodeficiency virus (HIV), autoimmune diseases as Sjogreri's 
syndrome and systemic lupus erythematosus (SLE), immunode 
pressants used after organ transplantation and some inherited con 
ditions, for review see e.g., Ref. 3. However, these causes may 
only explain a minority of cases, with a possible exception for 
HIV-related increases among younger persons in certain areas. 4 

It has been shown that Epstein-Barr virus (EBY) plays an essen 
tial role in the pathogenesis of lymphomas after organ transplanta 
tion." A relation between lymphoma and elevated EBY-titers has 
been reported in a cohort.6 Normally, EBY-production is held 
back by active cellular and humoral immune mechanisms. In im 
munodeficiency states this balance is disrupted and EBY-infected 
B-cells begin to proliferate.7 

During the last decades, research on the etiology of NHL has 
been directed towards other potential causes such as pesticides, 
which may explain the impressive increase in the incidence. 
Today, it is also reasonable to consider the leveling off in inci 
dence as a probable consequence of a reduced carcinogenic influ 
ence related to NHL. Furthermore, our emerging knowledge con 
cerning the spectrum of NHL subgroups makes it reasonable to 
investigate causative agents for these different types of disease. 

In 1981, we published results from a case-control study from 
Sweden, indicating statistically significant increased odds ratios 

for NHL and Hodgkin lymphoma (HL) in persons who had been 
exposed to phenoxyacetic herbicides or impregnating chlorophe 
nols. 8 Our study was initiated by a case report.9 Some of these 
chemicals were contaminated by dioxins, of which 2,3,7,8-tetra 
chlorodibenzo-p-dioxin (TCDD) has been recognised as a com 
plete carcinogen by IARC.1° Furthermore, these and several other 
related chemicals are immunotoxic.l+'? Our results have been 
confirmed in some other studies, regarding phenoxyacetic herbi 
cides from e.g., Kansas16 and Nebraska.17 

Furthermore, in 1999 we reported a new case-control study per 
formed to evaluate more recent exposure to pesticides and other 
chemicals, and we could thereby confirm our earlier findings 
regarding a relation w/th phenoxyacetic herbicides that was 
related to latency period. 8 

ln that study, however, some newer compounds that are widely 
used today, such as the herbicide glyphosate, were still nor very 
common. During the I970's certain chemicals, e.g., the phenoxy 
herbicide 2,4,5-trichlorophenoxyacetic acid (2,4,5-T), chlorophe 
nols, and the insecticide dichlorodiphenyltrichloroethane (DDT), 
were prohibited due to health concerns. Later also the phenoxy 
herbicide 2,4-dichlorophenoxyacetic acid (2,4-D) was banned in 
Sweden. Reporting of these agents is therefore nowadays much 
less likely. It is also probable that the risk pattern has been influ 
enced by protective measures during the last decades. 

To further evaluate the relation between exposure to pesticides 
and other chemicals, focusing also on newer types of compounds, 
we have performed a new case-control study in Sweden. In 
our study we have also evaluated exposures in relation to 
different histopathological subtypes according to the most recent 
classification. 1 

Material and methods 

The study covered 4 out of 7 health service regions in Sweden, 
associated with the University Hospitals in Lund, Linkoping, 
Orebro and Urnea, and was approved by the ethics committees. 
Data were collected during December 1, 1999, to April 30, 2002, 
which was the time period for diagnosis of the cases. Regarding 
recruitment of cases and controls collaboration was established 
with another research group, which at the same time performed a 
parallel study on NHL in Sweden and Denmark. 

Cases 
All consecutive patients aged 18-74 years with newly diag 

nosed NHL, identified through physicians treating lymphoma and 
through pathologists diagnosing the disease, were approached if 
their physician did not judge this as less appropriate by ethical rea- 

Grant sponsor: FAS; Grant number: 200 l-0224; Gram sponsors: Cancer 
och Allergifonden. Nyckelfonden, Orebro University Hospital Cancer Fund. . 
•Correspondence to: Department of Oncology, University Hospital, 

SE-221 85 Lund, Sweden. E-mail: mikael.eriksson@med.lu.se 
Received 4 November 2007; Accepted after revision 20 February 2008 
DOI 10. I 002/ijc.23589 
Published online 11 July 2008 in Wiley lnterScience (www.imerscience. 

wiley.com). 

~LJiC( Publication of the lnternationaf Union Against Cancer 

Case 3:16-md-02741-VC   Document 651-5   Filed 10/28/17   Page 53 of 82



1658 ERJKSSON ET AL. 

sons. This was done regardless of whether the person had accepted 
to participate in the parallel study with which we collaborated in 
the recruitment procedure. If they accepted to participate they 
were included as potential cases, and went through the data assess 
ment procedure described below. No cases were excluded because 
of specific conditions potentially associated with NHL, but no 
cases with e.g., HIV or postransplamation NHL occurred. All the 
diagnostic pathological specimens were scrutinised by I out of 5 
Swedish expert lymphoma reference pathologists, if they had not 
been initially judged by one of these 5. About 70% of all included 
cases were reviewed, whereas the remaining had been previously 
classified by one of the reference pathologists. If there was a dis 
agreement from the original report the sample was reviewed by a 
panel of these pathologists. Therefore, some potential cases could 
later be excluded if a NHL diagnosis was not verified, and in those 
occasions all collected exposure information was disregarded. The 
pathologists also subdivided all .NHL cases according to the WHO 
classification, 1 to enable etiological analyses also for the different 
diagnostic NHL entities. Since all lymphoma treating clinics and 
all lymphoma pathologists in the involved regions were covered 
by the study, it may well be regarded as population based, 
although the possibility of some individuals not reported through 
the case ascertainment system used. 

Controls 
From the population registry covering whole Sweden, randomly 

chosen controls living in the same health service regions as the 
cases were recruited during several occasions within the study pe 
riod. The controls were frequency-matched in 10 years age and 
sex groups to mirror the age and sex distribution of the included 
cases, and to increase efficacy in the adjusted analyses. If they 
accepted to participate, they were included as controls. 

Assessment of exposure 
All subjects who accepted to participate received a comprehen 

sive questionnaire, which was sent out shortly after the subjects 
had been telephone interviewed by the other research group we 
had collaboration with as stated earlier. Their interview, however, 
did not focus on work environment or chemical exposure, but 
rather dealt with other life style factors and diseases. Our question 
naire included a total work history with in depth questions regard 
ing exposure to pesticides, organic solvents and several other 
chemicals. For all pesticides not only numbers of years and num 
bers of days per year, but also approximate length of exposure per 
day were questioned. Since most work with pesticides was per 
formed in an individualized manner, no job-exposure matrix was 
judged to be applicable. Funhermore, the questionnaire also 
included questions on e.g., smoking habits, medications, leisure 
time activities and proximity from home to certain industrial 
installations, bur data on these factors are not included in this 
article. 

Specially trained interviewers scrutinized the answers and col 
lected additional exposure information by phone if important data 
were lacking, incomplete or unclear. These interviewers were 
blinded with regard to case/control status. All exposures during 
the same calendar year as the diagnosis and the year before were 
disregarded in the cases. Correspondingly, the year of enrolment 
and the year before were disregarded for the controls. As in our 
previous lymphoma studies we used a minimum criterion of one 
full day exposure to be categorized as exposed.8·18 

Statistical methods 
Unconditional logistic regression analysis (Stata/SE 8.2 for 

Windows; StataCorp, College Station, TX) was used to calculate 
odds ratios (OR) and 95% confidence intervals (CI). Adjustment 
was made for age, sex and year of diagnosis (cases) or enrolment 
(controls). In the univariate analysis, different pesticides were ana 
lyzed separately and the unexposed category consisted of subjects 
that were unexposed to all included pesticides. When analyzing 

TABLE I - NON-HODGKJ LYMPHOMA CASES D!VIDED ON 
HISTOPATHOLOGICAL SUBTYPES ACCORDING TO WHO CLASS!FlCATION. 

WHO diagnosis Number of cases 

B-cell lymphomas, total 
Lymphocytic lymphoma/B-CLL (SLL/CLL) 
Follicular, grade l-III (FL) 
Diffuse large B-cell lymphoma (DLBCL) 
Other specified B-cell lymphoma 
Unspecified B-cell lymphoma 

T-cell lymphomas 
Unspecified non-Hodgkin lymphoma 
Total 

819 
195 
165 
239 
131 
89 
53 
38 
910 

subgroups of NHL all controls were used in the separate analyses. 
In the dose-response calculations made for agents with at least 20 
exposed subjects, median number of days of exposure among con 
trols was used as cut-off. Latency period calculations and multi 
variate analyses included agents with statistically significant 
increased OR, or with an OR > l.50 and at least 10 exposed 
subjects. 

Results 

In total, 1, l 63 cases were reported from the participating clinics. 
Of these, 46 could not participate because of medical conditions, 88 
died before they could be interviewed. Since these were primarily 
excluded by the reporting physicians we had no information on e.g., 
final WHO categories on these cases. Three NHL cases were not 
diagnosed during the study period, 1 lived outside the study area and 
30 were excluded not being NHL (HL 20, acute lymphoblastic leu 
kaemia 1, other malignancy 7 and unclear diagnosis 2). Of the 
finally included 995 cases with NHL, 910 (91 % ) accepted to partici 
pate and answered the questionnaire. Of these, 819 were B-cell, 53 
T-cell and 38 unspecified lymphomas, Table I. 

Among the 1,108 initially enrolled controls 92 did not respond 
to the mail questionnaire, resulting in 1,016 (92%) controls to be 
included in the analyses. 
The medium and median age in cases was 60 and 62 years, and 

in controls it was 58 and 60 years, respectively. Of the cases, 534 
were males and 376 females, and of the controls the corresponding 
numbers were 592 and 424. 

This report presents exposure data regarding different types of 
pesticides. 

Herbicides 
Exposure to herbicides gave for all NHL OR l .72 (95% CI 

1.18-2.51), Table II. Exposure to phenoxyacetic acids yielded OR 
2.04 (95% CI 1.24-3.36). This group was further subdivided in 3 
categories; (i) 4-chloro-2-methyl phenoxyacetic acid (MCPA), 
which is still on the market and not known to be contaminated by 
dioxins; (ii) 2,4,5-T and/or 2,4-D which often were used together 
and were potentially contaminated with different dioxin isomers; 
(iii) other types. MCPA seemed to give the most pronounced 
increase in OR. Exposure to other herbicides, regardless if they 
also had been exposed to pnenoxyacetic acids or not, also gave a 
statistically significant OR l.82 (95% Cl l.08-3.06). In this cate 
gory the dominating agent was glyphosate, which was reported by 
29 cases and 18 controls, which produced OR 2.02 (95% CI 1.10- 
3.71). If both phenoxyacetic acids and glyphosate were excluded, 
exposure to other herbicides (37 different agents reported, but no 
one by more than 6 subjects at most) gave a nonsignificant OR of 
1.22 (95 % CI 0.63-2.39). 
Dose-response analyses. regarding herbicides in total and glyph 

osate yielded an increased OR in the higher exposed group, Table 
II. For phenoxyacetic acids, however, no such association was 
demonstrated. 

Regarding phenoxy herbicides and glyphosate an analysis was 
made taken the latency period for exposure into account. For the 

Case 3:16-md-02741-VC   Document 651-5   Filed 10/28/17   Page 54 of 82



PESTICIDE EXPOSURE AS RISK FACTOR FOR NON-HODGKIN LYMPHOMA 1659 

latency period 1-10 years no exposed cases were found for MCPA 
and 2.4,5-T and/or 2,4-D. Regarding glyphosate OR 1.11 (95% CI 
0.24-5 .08) was obtained. Latency period > JO years yielded for 
MCPA OR 2.81 (95% CI 1.27-6.22), for 2,4,5-T and/or 2,4,-D 
OR 1.72 (95% CI 0.98-3.19), and for glyphosate OR 2.26 (95% 
CI I.I 6-4.40). 

When different NHL entities were analysed separately, the OR 
for the subtype small lymphocytic lymphoma/chronic lyrnphocytic 
leukaemia (SLL/CLL) was increased for both phenoxy herbicides 
and, especially, glyphosate, Table ill. The entity diffuse large B 
cell lymphoma (DLBCL) was significantly associated with expo 
sure to phenoxyacetic acids, but not to other herbicides. On the 
other hand, the group follicular lymphoma was not clearly associ 
ated with phenoxyacetic acids, and only nonsignificantly with 

TABLE II - EXPOSURE TO VARIOUS HERBICIDES 

Agents Cases/controls OR Cl 

Herbicides, total 74/51 1.72 1.18-2.51 
$20 days 36/27 1.58 0.95-2.65 
>20 days 38/24 1.87 1.10-3.18 

Phenoxyacetic acids 47/26 2.04 1.24-3.36 
$45 days 32/13 2.83 1.47-5.47 
>45 days 15/13 1.27 0.59-2.70 
MCPA 21/9 2.81 1.27-6.22 
$32 days 15/5 3.76 1.35-10.5 
>32 days 6/4 1.66 0.46-5.96 

2,4,5-T and/or 2,4-D 33/21 1.61 0.87-2.97 
$29 days 21/11 2.08 0.99-4.38 
>29 days 12/10 1.33 0.57-3.13 

Other 7/7 1.21 0.42-3.48 
Herbicides except 38/26 1.82 1.08-3.06 

phenoxyacetic acids 
$24 days 20/13 1.91 0.93-3.89 
>24 days 18/13 1.73 0.84-3.60 

Glyphosate 29/18 2.02 1.10-3.71 
SIO days 12/9 1.69 0.70-4.07 
> 10 days 17/9 2.36 1.04-5.37 

Other herbicides 18/18 1.22 0.63-2.39 
$32 days 12/9 1.64 0.68-3.96 
>32 days 6/9 0.80 0.28-2.29 

Number of exposed cases/controls, odds ratios (OR) and 95% confi- 
dence intervals (CI). Agents with more than 20 exposed subjects were 
also divided in two groups based on median number of days among 
exposed controls. Adjustment was made for age, sex and year of diag- 
nosis or enrolment. 

glyphosate. The category "other specified B-cell lymphoma" 
(e.g., mantle cell lymphoma, marginal zone lymphoma) was sig 
nificantly associated with exposure to phenoxyacetic acids, and an 
increased risk was also indicated for glyphosate. T-cell lympho 
mas seemed to be associated with all types of herbicides, but no 
statistically significant ORs were found due to relatively few 
exposed subjects. The least numerous categories (" unspecified 
NHL") yielded high and statistically significant ORs for phenoxy 
herbicides and glyphosate. 

Insecticides 
1n our study no overall increased OR was demonstrated for ex 

posure to insecticides, OR 1.28 (95% CI 0.96-1.72), Table IV 
The most reported insecticide DDT yielded OR 1.46 (95% CI 
0.94-2.28). Increased risk was shown for mercurial seed dressing, 
OR 2.03 (95% CI 0.97-4.28). 

In the dose-response analysis, OR 1.47 (95% CI 0.99-2.16) was 
found for the high category of insecticide exposure, Table IV 
Similar trends were found for DDT and mercurial seed dressing. 
Different NHL entities were analysed separately, Table V. 

Hereby. certain exposures seemed to be associated with subtypes of 
NHL. Thus, the group follicular lymphoma was associated with 
DDT, OR 2.14 (95% CI I .05-4.40) and mercurial seed dressing, OR 
3.61 (95% CI 1.20-10.9). Furthermore, exposure to DDT increased 
the risk also for T'-cell lymphoma, OR 2.88 (95% CI 1.05-7.95). 

Fungicides and rodenticides 
Exposure to fungicides was not a risk factor in our study, nei 

ther in total, OR 1.1 I (95% CI 0.56-2.23), Table IV, nor for dif 
ferent subtypes of NHL, Table VI. Furthermore, there were no sin 
gle substances among 24 reported that significantly differed 
between cases and controls. Also for rodenticides no increased 
risk was found, Table IV 

Impregnating agents 
Exposure to impregnating agents yielded a statistically signifi 

cant OR 1.57 (95% CI 1.07-2.30), Table IV. In a dose-response 
calculation OR increased further in the high exposure group. Creo 
sote showed a statistically significant OR for high exposure, OR 
3.33 (95% CI 1.20-9.27). 
Table VI presents results for different NHL entities. An 

increased risk for SLL/CLL was associated with exposure to 
impregnating agents in total, and most pronounced for creosote, 

TABLE Ill - EXPOSURE TO VARIOUS HERBICIDES DIVIDED ACCORDlNG TO DfFFERENT LYMPHOMA ENTITIES 

Lymphoma entities Herbicides. total Phenoxyaceric acids (ph) MCPA 2.4.5-T and/or 2.4-D Herbicides except ph Glyphosaie Other 

B-cell lymphomas, 1.68 1.99 2.59 1.69 1.72 1.87 J.14 
total (n = 819) 1.14-2.48 1.20-3.32 1.14-5.91 0.94-3.01 1.003-2.94 0.998-3.51 0.57-2.31 

Lymphocytic 2.27 2.11 2.57 1.93 2.56 3.35 1.39 
lymphorna/B-CLL 1.28-4.0l 0.995-4.47 0.74-8.97 0.85-4.41 J.17-5.60 l.42-7.89 0.45-4.31 
(n = 195) 
(SLL/CLL) 

Follicular, grade I-Ill 1.78 1.26 1.21 2.32 1.89 1.48 
(11 = l 65) (FL) 0.88-3.59 0.42-3.75 0.35-4.22 0.96-5.60 0.62-5.79 0.42-5.23 

Diffuse large B-cell 1.44 2.16 3.94 1.65 1.20 1.22 1.00 
lymphoma 0.81-2.59 1.08-4.33 1.48-10.5 0.71-3.82 0.5 l-2.83 0.44-3.35 0.33-3.03 
(n = 239) 
(DLBCL) 

Other specified B-cell 1.62 2.60 3.20 2.21 1.38 1.63 1.15 
lymphoma (n = 131) 0.82-3.19 1.20-5.64 0.95-10.7 0.90-5.44 0.51-3.73 0.53-4.96 0.33-4.03 

Unspecified B-cell 1.09 1.14 1.35 0.88 1.52 1.47 0.71 
lymphoma (11 = 89) 0.41-2.89 0.33-3.95 0.16-11.2 0.20-3.92 0.44-5.27 0.33-6.61 0.09-5.53 

T-cell lymphomas 1.64 l.62 2.40 l.02 1.57 2.29 2.24 
(n = 53) 0.55-4.90 0.36-7.25 0.29-20.0 0.13-7.95 0.35-6.99 0.51-10.4 0.49-10.3 

Unspecified 2.86 3.75 9.31 3.21 5.29 5.63 1.88 
non-Hodgkin 1.001-8.18 I. 16-12.1 2.11-41.2 0.85-12.1 1.60-17.5 1.44-22.0 0.23-15.4 
lymphoma (n = 38) 

pdds ratios (OR) and 95% confidence intervals (CI). Adjustment was made for age, sex and year of diagnosis or enrolment. 
No exposed cases 
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OR 2.9 l (95% CI 1.01-8.33). Regarding follicular lymphomas 
and DLBCL, increased risks were also noted after creosote expo 
sure, and for the latter subtype this was also the case for all 
impregnating agents together. T -cell lymphomas were also associ 
ated with impregnating agents, and it seemed to be specifically 
chlorophenols. In the group of patients whose lymphomas were 
nor possible to classify hisropathologically, increased risks were 
indicated for all types of impregnating agents. 

TABLE IV - EXPOSURE TO VARIOUS OTHER PESTIClDES 

Agents Cases/controls OR Cl 

Insecticides, total 
S40 days 
>40 days 
DDT 

'5.37 days 
>37 days 

Mercurial seed dressing 
S12 days 
> 12 days 

Pyretrine 
S25 days 
>25 days 

Perrnetrine 
Other insecticides 
S33 days 
>33 days 

Funaicides 
- S37 days 
>37 days 

Impregnating agents 
'5.45 days 
>45 days 
Chlorophenols 
S33 days 
>33 days 

Arsenic 
Creosote 
S39 days 
>39 days 

Tar 
Other impregnating agents 
S7 days 
>7 days 

Rodenticides 

112/101 
44/51 
65/50 
50/37 
20/19 
30/18 
21/1 l 
7/6 

14/5 
15/10 
8/5 
6/5 
9/9 

28/26 
9/14 

18/12 
16/18 
9/9 
7/9 

70/51 
27/25 
43/24 
40/36 
23/18 
17/17 
7/5 

19/10 
4/5 

15/5 
8/5 

27/20 
4/10 

22/10 
5/4 

1.28 
1.03 
1.47 
1.46 
1.17 
l.76 
2.03 
1.27 
2.93 
1.74 
1.86 
1.36 
1.23 
l.25 
0.79 
l.67 
I.II 
1.29 
0.94 
1.57 
1.23 
2.04 
1.24 
1.46 
1.08 
l.63 
2.10 
0.87 
3.33 
1.84 
1.55 
0.44 
2.55 
1.67 

0.96-1.72 
0.68-1.57 
0.99-2.16 
0.94-2.28 
0.62-2.22 
0.97-3.20 
0.97-4.28 
0.42-3.83 
1.04-8.25 
0.78-3.91 
0.60-5.75 
0.41-4.51 
0.48-3. 14 
0.72-2.16 
0.34-1.85 
0.79-3.51 
0.56-2.23 
0.51-3.31 
0.35-2.57 
l.07-2.30 
0.71-2.16 
1.21-3.42 
0.77-1.98 
0.78-2.74 
0.54-2.15 
0.51-5.20 
0.96-4.58 
0.23-3.29 
1.20-9.27 
0.59-5.69 
0.85-2.81 
0.14-1.42 
l. I 9-5.47 
0.44-6.29 

Number of exposed cases/controls, odds ratios (OR) and 95% confi 
dence intervals (CI). Agents with more than 20 exposed subjects were 
also divided in two groups based on median number of days among 
exposed controls. In some subjects. number of days was not known 
(excluded in dose-response calculations). Adjustment was made for 
age, sex and year of diagnosis or enrolment. 

Multivariate analysis 
Since mixed exposure to several pesticides was more a rule 

than an exception, and all single agents were analyzed without 
adjusting for other exposure, a multivariate analysis was made to 
elucidate the relative importance of different pesticides. Criteria 
for agents to be included in this analysis are defined in Statistical 
Methods above. As seen in Table VII increased ORs were found 
but in general lower than in the univariate analysis. 

Discussion 

This was a population based case-control study on NHL, which 
is a strength of the investigation. Only living cases and controls 
were included, which was of advantage in comparison with inter 
viewing next-of-kins. The study covered all new cases of NHL 
during a specified time. Pathologists in Sweden that were experts 
in lymphoma diagnosis confirmed all diagnoses. Thus, a main 
advantage compared with the earlier studies was the possibility to 
study the different NHL entities, classified according to the 
recently developed WHO classification system. The histopatho 
logical subgroups may well be regarded as separate in etiology 
and pathogenesis, as well as they are known to be different regard 
ing course, prognosis and best treatment. 
The frequency matching on age groups, gender and health serv 

ice regions increased the efficacy of the study and ensured expo 
sure conditions for the controls representative for the population 
in the included geographical areas. We achieved a high response 
rate among cases and controls, which is another advantage. A 
motivating introduction letter that was sent out with the question 
naire and with reminders if needed may explain this. 
Exposures were assessed by questionnaires with information 

supplemented over the phone. Thereby use of different pesticides 
could be checked by information in e.g., receipts and bookkeep 
ing. However, no registries exist in Sweden on such individual 
use, which is a weakness in the assessment of exposure. Exposure 
to pesticides may be difficult to assess, and some misclassification 
regarding quantity of exposure has probably occurred, but such 
misclassification would most probably be nondependent of case/ 
control status, and therefore only weaken any true risks. Use of 
protective equipment was not asked for which might have been a 
disadvantage of the study. However, such use would dilute the ex 
posure and thus bias the result towards unity. 

We have earlier published the results from 2 Swedish case-con 
trol studies on lymphomas, the first one on NHL and HI.,8•19 and 
later on NHL. 18 These studies showed an increased risk for lym 
phomas as a result of exposure to herbicides belonging to the class 
phenoxyacetic acids. In the first study we also found correlation 
with chlorophenols and organic solvents. Several other studies, 

TABLE V - EXPOSURE TO VARIOUS rNSECTIClDES DIVIDED ACCORDING TO DIFFERENT LYMPHOMA ENTITLES 

Lymphoma entities Insecticides. total DDT Mercurial seed dressing Pyretrine Other 

B-cell lymphomas, total (n = 819) 1.19 1.32 1.81 1.68 l.08 
0.88-1.61 0.83-2. 10 0.84-3.93 0.73-3.86 0.60-1.94 

Lymphocytic lymphoma/B-CLL (n = 195) (SLL/CLL) 1.46 1.39 0.75 2.40 1.57 
0.91-2.35 0.69-2.83 0.16-3.47 0.73-7.89 0.66-3.75 

Follicular, grade I-Ill (n = 165) (FL) 1.37 2.14 3.61 2.60 0.28 
0.79-2.38 1.05-4.40 l.20-10.9 0.79-8.51 0.04-2.11 

Diffuse large B-cell lymphoma (n = 239) (DLBCL) 1.23 1.24 2.20 1.25 1.3 I 
0.78-1.93 0.61-2.49 0.79-6.12 0.34-4.61 0.58-2.97 

Other specified B-ceU lymphoma (n = 13 I) 1.32 1.33 2.39 1.49 1.42 
0.77-2.27 0.57-3.10 0.73-7.81 0.32-6.94 0.53-3.80 

Unspecified B-ceU lymphoma (n = 89) 0.42 0.23 I I 0.42 
0.15-l.18 0.03-1.75 0.06-3. 18 

T-cell lymphomas (n = 53) 1.61 2.88 2.08 2.20 l.59 
0.72-3.60 1.05-7.95 0.25-17.l 0.27-17.8 0.36-7.02 

Unspecified non-Hodgkin lymphoma (n = 38) l.91 2.39 5.43 3.14 4.70 
0.79-4.62 0.77-7.42 l.34-22.0 0.37-26.3 l.48-14.9 

pdds ratios (OR) and 95% confidence intervals (CI). Adjustment was made for age, sex and year of diagnosis or enrolment. 
No exposed cases. 
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TABLE VI - EXPOSURE TO FUNGICIDES AND IMPREGNATING AGENTS DIVIDED ACCORDING TO DIFFERENT LYMPHOMA ENTITIES 

Lymphoma entities Fungicides Impregnating agents, total Chlorophenols Creosote Other 

B-ceU lymphomas, total (n = 819) 1.01 1.41 l.12 2.09 1.51 
0.48-2.09 0.95-2.11 0.69-1.84 0.94-4.64 0.82-2.78 

Lymphocytic lymphoma/B-CLL (n = 195) 1.33 1.71 1.35 2.91 2.23 
0.43-4.12 0.94-3.11 0.64-2.85 1.01-8.33 0.97-5.13 

Follicular, grade I-ill (n = I 65) I 1.49 0.91 2.56 1.80 
0.70-3.19 0.31-2.66 0.68-9.68 0.59-5.48 

Diffuse large B-celJ lymphoma (n = 239) 1.26 1.70 1.40 1.75 1.51 
0.45-3.47 0.97-2.96 0.70-2.78 0.54-5.74 0.62-3.67 

Other specified B-ceIJ lymphoma (n = 131) 1.56 1.24 0.95 2.58 1.09 
0.51-4.76 0.58-2.63 0.36-2.51 0.78-8.55 0.31-3.78 

Unspecified B-ceU lymphoma (n = 89) I 0.41 0.54 I 0.54 
0.10-1.75 0.12-2.32 0.07-4. 19 

T-cell lymphomas (11 = 53) l.10 3.26 2.39 2.07 
0.14-8.70 l.39-7.63 0.78-7.28 0.45-9.53 

Unspecified non-Hodgkin lymphoma (11 = 38) 3.73 2.52 2.02 4.94 1.40 
0.77-18.0 0.88-7.19 0.56-7.31 0.97-25.2 0.17-11.2 

Odds ratios (OR) and 95% confidence intervals (CD. Adjustment was made for age, sex, and year of diagnosis or enrolment. 
1No exposed cases. 

TABLE VII - MULTIVARIATE ANALYSES INCLUDING AGENTS ACCORDING 
TO SPECIFIED CRITERIA. SEE TEXT 

Agenrs Univariate Multivariate 

OR CI OR CJ 

MCPA 2.81 1.27-6.22 1.88 0.77-4.63 
2,4,5-T and/or 2,4-D 1.61 0.87-2.97 1.24 0.68-2.26 
Glyphosate 2.02 1.10-3.71 1.51 0.77-2.94 
Mercurial seed dressing 2.03 0.97-4.28 1.58 0.74-3.40 
Arsenic 1.63 0.51-5.20 1.17 0.34-4.02 
Creosote 2.10 0.96-4.58 1.70 0.73-3.98 
Tar 1.84 0.59-5.69 1.39 0.43-4.48 

Odds ratios (OR) and 95% confidence intervals (CI). Adjustment 
was made for age, sex and year of diagnosis or enrolment. 

but not all, from different research groups have supported our 
results, as reviewed.i" and also confirmed later, e.g., Ref. 21. 

Furthermore, other groups have demonstrated associations 
between NHL and other classes of pesticides, especially different 
types of insecticides, e.g., organophosphates,22 carbamate,23 lin 
dane24 and chlordane, 25 but also other groups of herbicides as atra 
zine. 26 Some case-control studies have found associations between 
several classes of pesticides, e.~, Ref. 27 or merged groups of pesti 
cides as in one recent study, which demonstrate a significantly 
increased risk for NHL associated with exposure to "nonarseruc pes 
ticides." These authors discuss the fact that several pesticides are 
chemically related and may exert their effects on humans through a 
similar mechanism of action, which may explain the wide range of 
pesticides that have been related to NHL over time in different coun 
tries and with different exposure conditions, 

Several factors urged for a third Swedish study on the relation 
between pesticides, other chemicals and NHL, and the present 
study also used a somewhat changed methodology, which also 
may be of interest. 
Thus, the use of phenoxyacetic herbicides, which earlier were 

dominating both as weed killers in agriculture and against hard 
wood in forestry, have substantially decreased during the last dec 
ades. 2,4,5-T, which was contaminated by TCDD, was prohibited 
in Sweden 1977, and 2,4-D was withdrawn from the market in 
1990. MCPA, even if still used, has been largely substituted by 
other agents, among which glyphosate has been clearly dominat 
ing. This change of herbicide practice along with successively 
strengthened protection instructions has prompted our new study, 
reflecting also later years of exposure. 

Furthermore, the changing trend of the incidence of NHL in 
many countries with reliable cancer registries, e.g., Sweden, with 
a substantial and steady increase during the 1960's through 1980's 
but a leveling off or even slight decrease after that, makes it im- 

portant to find etiological factors contributing to this shift in trend. 
Chlorinated compounds in tile environment, which have been 
regulated during the 1970's and 1980's, may at least partly explain 
this trend, as discussed by us. 2 Phenoxyacetic herbicides with 
potential contaminating dioxins are examples of such substances. 
However, the prohibition of common environmental pollutants as 
polychlorinated biphenyJs (PCB) and the following decline in the 
environment is probably more important to explain the leveling 
off of the incidence.2 

In contrast to our 2 former case-control studies on NHL, this 
study included both genders and only consecutive living cases and 
living controls. In our earlier studies we have only studied male 
lymphoma cases, making the results of this study more representa 
tive for the whole population. To facilitate comparisons with our 
earlier results we also made additional analyses of herbicide expo 
sure by gender. Only few women were exposed and separate anal 
yses for both sexes still yielded an increased risk for NHL. Thus, 
in the total material herbicide exposure gave OR = 1.72, 95% CI 
1.18-2.51 (11 = 74 cases, 51 controls), whereas for men only OR 
= 1.71, 95% CI = 1.15-2.55 (11 = 68 cases, 47 controls) and for 
women only OR = 1.82, 95% CI = 0.5 J-6.53 (n = 6 cases, 4 
controls) were calculated. 

In our study lymphocytic lymphoma/B-CLL was significantly 
associated with herbicides with highest OR for g]yphosate but also 
creosote. Follicular lymphoma was significantly associated with 
DDT and mercurial seed dressing, diffuse large B-cell lymphoma 
with MCPA, and T-cell lymphoma with DDT and impregnating 
agents overall. Unspecified NHL was significantly associated with 
MCPA, glyphosate and mercurial seed dressing. It should be noted 
that several ORs were increased for herbicides; insecticides and 
impregnating agents but the calculations were hampered by low 
numbers of exposed cases and controls. 

Our earlier results of exposure to phenoxyacetic herbicides as a 
risk factor for NHL were confirmed in our study. As in our previous 
lymphoma studies exposure to MCPA seemed to yield tile highest 
OR among the different phenoxyacetic acids. This is of interest 
because MCPA is known not to be contaminated by dioxins, as 2,4- 
D and 2,4,5-T At the same time MCPA is tile only phenoxyacetic 
acid still in wider use in Sweden and many other countries. 

Glyphosate is a broad-spectrum herbicide, which inhibits the 
formation of amino acids in plants.29 The US Environmental Pro 
tection Agency30 and the World Health Organization31 have con 
cluded that glyphosate is not rnutagenic or carcinogenic, Since 
then, however, some experimental studies indicate genotoxic, hor 
monal and enzymatic effect in mammals, as reviewed.32 Of partic 
ular interest is that glyphosate treatment of human lymphocytes 
in vitro resulted in increased sister chromatid exchanges,33 chro 
mosomal aberrations and oxidative stress.34•35 
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Glyphosate was associated with a statistically significant 
increased OR for lymphoma in our study, and the result was 
strengthened by a tendency to dose-response effect as shown in 
Table IL In our former study 18 very few subjects were exposed to 
glyphosate, but a nonsignificant OR of 2.3 was found. Further 
more, a meta-analysis combining that study with an investigation 
on hairy-cell leukaemia, a rare NHL variant, showed an OR for 
glyphosate of 3.04 (95% CI 1.08-8.52).36 Recent findings from 
other groups also associate glyphosate with

1
qifferent B-cell malig 

nancies such as lymphomas and myeloma_L,7,3s 
Glyphosate has succeeded MCPA as one of the most used herbi 

cides in agriculture, and many individuals that used MCPA earlier 
are now also exposed to glyphosate. This probably explain why 
the multivariate analysis does not show any significant ORs for 
these compounds. 

Exposure to insecticides was associated with a slightly 
increased OR, Table IV In some other studies on the relation 
between pesticides and NHL, insecticides seem to be of some im 
portance as causative agents.27·37·38 Especially, different organo 
phosphates were indicated as risk factors in those studies, with a 
Canadian study37 showing statistical significant ORs for malathion 
and diazinon. In our study, only few subjects were exposed to dif 
ferent organophosphates, but we found a nonsignificant OR of 
2.81 (95% CI 0.54-14.7) for malathion based on 5 exposed cases 
and 2 controls, not shown in Table. 
The organochlorine DDT has shown supestive but rarely signifi 

cant association with NHL in some studies . .'n>,3S-4o Our study showed 
a moderately but not significant increased OR for exposure to DDT 

I. Jaffe ES, Harris NL. Stein H, Varcliman JW. World Health Organiza 
tion classification of tumours. Pathology and genetics. Tumours of 
haematopoetic and lymphoid tissues. Lyon: lARC Press, 2001. 

2. Hardell L, Eriksson M. Is the decline of the increasing incidence of 
non-Hodgkin lymphoma in Sweden and other countries a result of 
cancer preventive measures? Environ Health Perspect 2003; 11 l: 
1704--0. 

3. Hardell L, Axelson 0. Environmental and occupational aspects on the 
etiology of non-Hodgkin's lymphoma. Oncol Res 1998; 10: l-5. 

4. Pluda JM, Venzon DJ, Tosato G, Lietzau J, Wyvill K, Nelson DL, 
Jaffe ES, Karp JE, Broder S, Yarchoan R. Parameters affecting the de 
velopment of non-Hodgkin's lymphoma in patients with severe 
human immunodeficiency virus infection receiving antiretroviral ther 
apy. J Clin Oncol 1993:11:1099-!07. 

5. Patton DF, Wilkowski CW, Hanson CA, Shapiro R, Gajl-Peczalska 
KJ, Filipovich AH, McClain KL. Epstein-Barr virus-determined clon 
aliry in posttransplant lymphoproliferative disease. Transplantation 
1990;49:1080-4. 

6. Lehtinen T, Lumio J, Dillner J. Hakama M, Knekt P, Lehtinen M, 
Teppo L, Leinikki P. Increased risk of malignant lymphoma indicated 
by elevated Epstein-Barr virus antibodies-a prospective study. 
Cancer Causes Control 1993;4: 187-93. 

7. Potter M. Pathogenetic mechanisms in B-cell non-Hodgkin's lympho 
mas in humans. Cancer Res 1992;52:5522S-5528S. 

8. Hardell L. Eriksson M, Lenner P, Lundgren E. Malignant lymphoma 
and exposure to chemicals, especially organic solvents, chlorophenols 
and phenoxy acids: a case-control study. Br J Cancer 1981;43:169-76. 

9. Hardell L. Malignant lymphoma of histiocytic type and exposure to 
phenoxyacetic acids or ch]orophenols. Lancet 1979: l :55--0. 

JO. International Agency for Research on Cancer. Polychlorinated 
dibenzo-para-dioxins. lARC Monogr Eval Carcinog Risks Hum 
l 997;69:333-343. 

11. Vos JG, Moore JA, Zink.I JG. Effect of 2.3,7,8-tetrachlorodibenzo-p 
dioxin on the immune system of laboratory animals. Environ Health 
Perspect l 973;5: 149--02. 

12. Exon JH, Talcott PA, Koller LO. Effect of lead, polychlorinated 
biphenyls, and cyclophosphamide on rat natural killer cells. interleu 
kin 2. and antibody synthesis. Fundam Appl Toxicol 1985;5: 158--04. 

13. Lu YC, Wu YC. Clinical findings and immunological abnormalities 
in Yu-Cheng patients. Environ Health Perspect 1985:59:17-29. 

14. Kerkvliet NI, Brauner JA. Mechanisms of 1,2,3,4,6,7.8-heptachlorodi 
benzo-p-dioxin (HpCDD)-ioduced humeral immune suppression: evi 
dence of primary defect in T-ceU regulation. Texico! Appl Pharmacol 
1987;87:18-31. 

15. Faustini A, Settimi L, Pacifici R, Fano V, Zuccaro P. Forastiere F. 
Immunological changes among farmers exposed to pnenoxy 

Fungicides were not associated with the risk for NHL in our 
study, but few subjects were exposed to a wide range of different 
agents. In some earlier studies increased risks have also been 
noted for this group of pesticides.16•18 

Exposure to impregnating agents produced a significant OR 
with a dose-response relation, Table IV The highest risk was 
found for high exposure to creosote, which gave a significant OR. 
This finding was in contrast to our previous results on NHL, 18 but 
another Swedish study also found an association between creosote 
and NHL.41 Chlorophenols have been the most common group of 
impregnating agents in Sweden, but were banned in 1977 In our 
first NHL study, reflecting exposures mainly during the time these 
substances were used, we found a strong association with NHL. 
As in the present srudyk however, no association was found in our 
second study on NHL. 1 

In conclusion, this study, which mirrors pesticide exposure dur 
ing later years than in our previous studies, confirmed results of an 
association between exposure to phenoxyacetic herbicides and 
NHL. Furthermore, our earlier indication of an association 
between glyphosate and NHL has been considerably strengthened. 
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ABSTRACT 
Objectives We investigated the role of occupational 
exposure to specific groups of agrochemicals in the 
aetiology of lymphoma overall, 8 cell lymphoma and its 
most prevalent subtypes. 
Methods In 1998-2003, 2348 incident lymphoma 
cases and 2462 controls were recruited to the EPILYMPH 
case-control study in six European countries. A detailed 
occupational history was collected in cases and controls. 
Job modules were applied for farm work including 
specific questions on type of crop, farm size. pests being 
treated, type and schedule of pesticide use. In each 
study centre. industrial hygienists and occupational 
experts assessed exposure to specific groups of 
pesticides and individual compounds with the aid of 
agronomists. We calculated the OR and its 95% Cl 
associated with lymphoma and the most prevalent 
lymphoma subtypes with unconditional logistic 
regression. adjusting for age, gender, education and 
centre. 
Results Risk of lymphoma overall. and B cell lymphoma 
was not elevated, and risk of chronic lymphocytic 
leukaemia (CLL) was elevated amongst those ever 
exposed to inorganic (OR=1.6, 95% Cl 1.0 to 2.5) and 
organic pesticides (OR= 1.5, 95% Cl 1.0 to 2.1 ). CLL risk 
was highest amongst those ever exposed to 
organophosphates (OR=2.7, 95% Cl 1.2 to 6.0). 
Restricting the analysis to subjects most likely exposed, 
no association was observed between pesticide use and 
risk of B cell lymphoma. 
Conclusions Our results provide limited support to the 
hypothesis of an increase in risk of specific lymphoma 
subtypes associated with exposure to pesticides. 

INTRODUCTION 
Among hundreds of agents and groups of agents 
examined in 35 years of International Agency for 
Research on Cancer (!ARC) Monographs (volumes 
1-99) 1 pesticides account for two dozens; only a 
few of those are still in use worldwide, some are 
obsolete but still in use in developing countries, 
and most have been banned or abandoned for 
some decades. Only arsenic and arsenical pesticides 
are group 1 human carcinogens, while occupa 
tional exposure in the spraying and application of 
non-arsenical insecticides overall is included in 
group 2A, because of limited evidence from epi 
demiological studies. Group 2A also includes two 

JI> Inconsistent opinions exist about the evidence 
linking occupational exposure to pesticides with 
lymphoma risk. 

l>- The complex array of chemicals comprised in 
the pesticide definition and the heterogeneity of 
the pathological diagnoses included in the 
lymphoma or non-Hodgkin's lymphoma defini 
tions might contribute to the controversy. 

JI> We used the WHO classification of lymphoma 
to identify specific lymphoma entities, and 
state of the art retrospective exposure assess 
ment for occupational exposure to chemical 
classes of pesticides and specific agrochem 
icals in a population-based case-control study. 

,,. Our results provide limited evidence of an 
increase in risk of chronic lymphocytic leukae 
mia associated with exposure to organopho 
sphates, and no association for other 
lymphoma subtypes. 

active ingredients, namely the fungicide captafol, 
which uses have been restricted in the USA and 
most world countries Erom 1999, 2 and ethylene 
dibromide, which is used as a grain fumigant. As 
for the rest, the insufficient evidence Erom human 
studies is coupled with the sufficient, limited or 
unavailable evidence from experimental animal 
studies. Nowadays, thousands of chemicals are 
available to farmers to treat plant diseases and 
protect their crops; their use changes year by year, 
across countries and within each country, and by 
type of crop and type of disease being treated: the 
difficulty of conducting epidemiological studies of 
the long term effects of agrochemicals is reflected 
in the poor information on their human carcino 
genicity and the absence of evaluation by inter 
national scientific and regulatory agencies. 

Reviews of the scientific literature reported 
inconsistent op1ruons about the association 
between occupational exposure to pesticides and 
non-Hodgkin's lymphoma (NHL).3 4 In fact, while 
several meta-analyses have come to positive con 
clusions on NHL risk,5-10 particularly for pro 
longed exposures, 11-13 or for exposure in the years 
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relatively close to the diagnosis, 14 risk has been shown to vary 
by gender,15 or specific jobs,16 and by specific chemicals.17 

Besides, the causal link is not always recognised, 18 and negative 
studies have also been published.19-24 In some instances, inter 
pretation of findings is limited by imprecise definition of either 
exposure or disease entity22 or a small study size.23 

Geographical variation in NHL mortality has also been reported 
in relation to the prevalent type of crop, and therefore the 
pesticide used:35-28 for instance, NHL mortality in the female 
population was elevated in an area of Minnesota where wheat, 
corn and soy crops were prevalent.28 

METHODS 
The EPILYMPH study, a multicentre case-control study on 
environmental exposures and lymphoid neoplasms, was con 
ducted in Czech Republic, France, Germany, Italy, Ireland and 
Spain from 1998 to 2004. Details about the study have been 
described elsewhere.29 Briefly, cases were all consecutive adult 
patients first diagnosed with lymphoma during the study 
period, resident in the referral area of the participating centres. 
The diagnosis was classified according to the 2001 WHO classi 
fication of lyrnphorna/'" and slides of about 20% of cases from 
each centre were reviewed centrally by a panel of pathologists, 
coordinated by MM. Controls from Germany and Italy were 
randomly selected by sampling from the general population, 
matched to cases on gender, 5-year age-group, and residence 
area. The rest of the centres used matched hospital controls, 
with eligibility criteria limited to diagnoses other than cancer, 
infectious diseases and immunodeficient diseases. Approval by 
the relevant Ethics Committees was obtained in all centres. 
Informed consent was obtained for the 2348 lymphoma cases 
and 2462 controls who participated to the study. Overall, the 
participation rate was 88% in cases, 81% in hospital controls 
and 52% in population controls. 
Trained interviewers conducted in person interviews with 

cases and controls, using the same structured questionnaire 
translated into the local language. Questions sought informa 
tion on sociodemographic factors, lifestyle, health history and a 
list of all full time jobs held for 1 year or longer. Industrial 
hygienists in each participating centre coded the occupations 
and industries using the 5-digit 1968 International Labour 
Office International Standard Classification of Occupationsf' 
and the 4-digit codes of the 1996 European Statistical 
Classification of Economic Activities, revision 1 (NACE, rev. 
1).32 Study subjects who reported having worked in agriculture 
were given a job-specific module inquiring in detail into the fol 
lowing: detailed description of the tasks; kind of the crops and 
size of the cultivated area; type of pests being treated; pesti 
cides used, and procedures of crop treatment; use of personal 
protective equipment; re-entry after treatment; frequency of 
the treatment in days/year. 

Occupational exposure assessment 
With the support of a local agronomist, and the support of a 
crop-exposure matrix, created by LM, to supplement the avail 
able information, industrial hygienists and occupational experts 
in each participating centre reviewed the general questionnaires 
and job modules to assess exposure to pesticides classified into 
inorganic (mainly sulphur and arsenic salts) and organic (carba 
mates, organophosphates, organochlorines, triazines and tria 
zoles, phenoxyacids, and chlorophenols), Exposure was 
classified according to the following exposure metrics: 

confidence, representing the industrial hygienist's degree of 
certainty that the worker had been truly exposed to the 

agent, based upon two criteria: 1. a summary evaluation of 
the probability of the given exposure (1 = possible, but not 
probable; 2=probable; and 3=certain); and 2. the proportion 
of workers exposed in the given job (ls40%; 2=40-90%; 
3~90%); 
intensity of exposure, expressed in relation to the circum 
stances of use ( personal preparation of the pesticide mixture, 
use of hand pump or tractor, size of the area being treated, 
re-entry after treatment) and use of personal protective 
equipment. Semiquantitative estimates of exposure were 
derived from the publicly available EUROPOEM pro 
gramme/3 and then categorised on a 4-point scale (O=unex 
posed; 1 =Iow; 2=medium; 3=high); 
frequency of exposure, expressed in annual days of pesticide 
use reported in the questionnaire or estimated based on the 
type of plant disease and the size of the crop or the livestock 
being treated (lows 50 days/year; medium 51-100 days/year; 
high~101 days/year). 
A cumulative exposure score was calculated for each pesticide 

group as follows: C; = S(yi x fi/3)'i where C is the cumulative 
exposure score; i the study subject; j the jth job in the work 
history of study subject i; y the duration of exposure (in years); 
x the exposure intensity level f the exposure frequency level. 

Cumulative exposure scores for each pesticide group were 
then categorised by tertiles of their distribution among the 
exposed (cases and controls combined). 

Consistency in the occupational coding and exposure assess 
ments was optimised through several meetings of the industrial 
hygienists. 

Statistical methods 
We assessed risk of B cell lymphoma, and its most prevalent sub 
types, diffuse large B cell lymphoma (DLBCL) and chronic 
lymphocytic leukaemia (CLL), associated with ever exposure to 
inorganic and organic pesticides (all types), and the organic pesti 
cide groups listed in table 1. The analysis was led by PC, sup 
ported by CS, SD, MP and TN, both on all exposed subjects, and 
after restriction to subjects whose exposure was assessed with 
high confidence. Linear trends in all exposure metrics were also 
estimated. The OR was calculated using unconditional logistic 
regression, adjusted for age, gender, education and centre. 
Two-tailed 95% CJ for the OR were estimated using the Wald sta 
tistics (e~±(z....n X se~)). Subjects unexposed to any pesticide com 
prised the reference category used for all the analyses. Trends in 
the ORs were assessed using the Wald test for trend. 

Role of the funding sources 
The private and public institutions that sponsored this study 
did not influence or intervene in the study design; in the collec 
tion, analysis, and interpretation of data; in the writing of the 
report; and in the decision to submit the paper for publication. 

RESULTS 
Details on the study size, number of cases and controls by par 
ticipating centre, and their frequency distribution by selected 
variables of interest in the occupational analyses were reported 
elsewhere.34 Table 1 shows the frequency distribution of expos 
ure to pesticide groups for which exposure was assessed in the 
EPILYMPH study, by country. In a footnote, the active ingredi 
ents within each group are reported, selected among those 
reported by study subjects or suggested by the collaborating 
agronomists. Overall, the prevalence of exposure to pesticides 
in our study was low, with only 3.7% of participants exposed 
to inorganic pesticides and 6.4% exposed to organic pesticides, 
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Table 1 Prevalence of exposed to the individual pesticide groups by country in the EPILYMPH study 

Spain France Germany Italy Ireland Czech republic Total 
Pesticide groups* N=1222 N=574 N=1413 N=598 N=409 N=594 N=4810 

Inorganic pesticides 88 (7.2) 14 (2.4) 28 (2.0) 31 (5.2) 14 (3.4) 6 (1.0) 181 (3.8) 
Arsenicals 30 (2.4) 0 (0.0) 9 (0.6) 0 (0.0) 3 (0.7) 0 (0.0) 42 (0.9) 

Organic pesticides 127 (10.4) 38 (6.7) 86 (6.1) 48 (8.2) 38 (9.4) 5 (0.8) 342 (7.1) 
Carbamates 3 (0.2) 4 (0.7) 11 (0.8) 15 (2.5) 2 (0.5) 0 (0.0) 35 (0.7) 
Organophosphates 7 (0.6) 4 (0.7) 11 (0.8) 16 (2.7) 14 (3.4) 1 (0.2) 53 (1.1) 
Organochlorines 22 (1.8) 8 (1.4) 22 (1.6) 13 (2.2) 5 (1.0) 0 (0.0) 70 (1.5) 
Iriazines and triazoles 0 (0.0) 3 (0.6) 2 (0.1) 13 (2.2) 0 (0.0) 2 (0.3) 20 (0.4) 
Phenoxyacids 2 (0.2) 4 (0.7) 10 (0.7) 5 (0.8) 4 (1.0) 0 (0.0) 25 (0.5) 
Chlorophenols 46 (3.7) 9 (0.9) 31 (2.0) 19 (3.0) 10 (2.0) 0 (0.0) 115 (2.4) 

For each country, the total number of participants is provided upon which the percentage of exposed (in brackets) is calculated. 
'Note: Inorganic pesticides include: sulphur, arsenic, fluorine, zinc, mercury derivatives and other; arsenicals include: ammonium, calcium, sodium and potassium arsenate; 
organic pesticides include carbamates (aldicarb, carbaryl, mancozeb, methomyl, propoxur and other), organophosphates (acephate, diazinon, dimethoate, glyphosate, malathion, 
parathion and other). organochlorines (aldrin, DOT, chlordane, endrin, lindane, metoxychlor, endosulfan and other), triazines and triazoles (atrazine, propazine, terbutryn and 
other), phenoxyacids (2,4 dichlorophenoxyacetic acid, 2,4,5 T, methylchloro-phenoxyacetic acid, mecoprop and other), chlorophenols (2 chlorophenol, pentachlorofenol and 
other). 

and it was lowest for triazines and triazoles and phenoxy acids. 
The prevalence of exposed was highest in Spain and lowest in 
the Czech Republic. The prevalence of exposure to the specific 
groups of pesticides varied by country. Use of inorganic pesti 
cides was widespread, but it mainly consisted of copper sul 
phide or other sulphur compounds as reported by study 
subjects, indicated by the agronomist or by the crop-exposure 
matrix. Arsenicals were mainly used in Spain and, to a smaller 
extent, in Ireland. Among organic pesticides, chlorophenols 
were most frequently represented, and their prevalence was 

highest in Spain, Italy and Germany. Organophosphates were 
the most prevalent group of organic pesticides in Ireland. The 
most variegate pattern of pesticide use was described in Italy. 
Table 2 shows risk of lymphoma overall, B cell lymphoma, 

DLBCL and CLL, amongst those ever exposed to each type of 
pesticide considered in this study. No excess risk of lymphoma 
(all types), B cell lymphoma and DLBCL was observed in asso 
ciation with ever exposure to inorganic or organic pesticide, nor 
to any of the organic pesticide groups assessed in this study. 
Risk of Cll was significantly associated with ever exposure to 

Table 2 Risk of lymphoma and major subtypes associated with ever exposure to pesticide groups in the Epilymph study 

Lymphoma (all types) B cell lymphoma Diffuse large B cell lymphoma Chronic lymphocytic leukaemia 

Pesticide group Cas/cont OR 95% Cl Caj/cont OR 95% Cl Cas/cont OR 95% Cl Cas/cont OR 95% Cl 

Inorganic pesticides 
Any confidence level 100/81 1.3 0.9to 1.7 81/81 1.2 0.8 to 1.6 13/81 0.7 0.4 to 1.3 28/81 1.6 1.0 to 2.5 
High confidence 57/46 1.3 0.9 to 2.0 42/46 1.1 0.7to1.8 7/46 0.7 0.3 to 1.6 15/46 1.6 0.8 to 2.9 

Arsenicals 
Any confidence level 18/24 0.8 0.4 to 1.4 14/24 0.7 0.4 to 1.3 2/24 0.4 0.1 to 1.6 6/24 1.1 0.4 to 2.7 
High confidence 4/5 0.8 0.2 to 3.1 2/5 0.5 0.1 to 2.6 0/5 0.0 0/5 0.0 

Organic pesticides 
Any confidence level 180/162 1.2 0.9 to 1.4 148/162 1.2 0.9 to 1.5 28/162 0.8 0.5 to 1.2 45/162 1.5 1.0 to 2.1 
High confidence 101/91 1.1 0.8 to 1.5 79/91 1.1 0.8 to 1.5 13/91 0.7 0.4 to 1.2 23/91 1.4 0.8 to 2.2 

Carbamates and thiocarbamates 
Any confidence level 16/19 0.9 0.5 to 1.7 9/19 0.7 0.3 to 1.5 1/19 0.2 0.0 to 1.8 3/19 1.1 0.3 to 3.8 
High confidence 4/8 0.5 0.2 to 1.7 3/8 0.5 0.1 to 2.0 0/8 0.0 1/8 0.9 0.1 to 7.2 

Organophosphates 
Any confidence level 32/21 1.6 0.9 to 2.8 23/21 1.4 0.8 to 2.6 5/21 1.1 0.4 to 2.9 9/21 2.7 1.2 to 6.0 
High confidence 11/7 1.6 0.6 to 4.2 7/7 1.4 0.5 to 3.9 1/7 0.6 0.1 to 5.3 1/7 0.9 0.1 to 7.7 

Organochlorines 
Any confidence level 33/37 0.9 0.6 to 1.5 27/37 0.9 0.5 to 1.4 5/37 0.6 0.2 to 1.6 10/37 1.2 0.6 to 2.5 
High confidence 12/12 1.0 0.5 to 2.3 11/12 1.1 0.5 to 2.6 2/12 0.7 0.2 to 3.3 5/12 1.9 0.6 to 5.6 

Triazines and triazoles 
Any confidence level 8/12 0.7 0.3 to 1.7 6/12 0.7 0.2 to 1.7 2/12 0.8 0.2 to 3.4 2/12 0.9 0.2 to 4.1 
High confidence 5/6 0.9 0.3 to 2.8 3/6 0.6 0.2 to 2.5 1/6 0.8 0.1 to 6.4 1/6 0.8 0.1 to 6.9 

Phenoxy acids 
Any confidence level 14/11 1.3 0.6 to 2.9 12/11 1.4 0.6 to 3.1 4/11 1.7 0.5 to 5.2 2/11 0.9 0.2 to 4.1 
High confidence 5/5 1.0 0.3 to 3.6 4/5 1.1 0.3 to 4.1 2/5 1.9 0.4 to 9.9 0/5 0.0 

Chlorophenols 
Any confidence level 59/56 1.1 0.8 to 1.6 49/56 1.1 0.7 to 1.6 13/56 1.1 0.6 to 2.0 13/56 1.1 0.6 to 2.2 
High confidence 32/27 1.2 0.7 to 2.1 25/27 1.1 0.6 to 2.0 6/27 1.0 0.4 to 2.5 5/27 1.0 0.4 to 2.6 

Results are presented for all confidence levels combined and limited to study subjects with high confidence of exposure. 
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Table 3 Chronic lymphocytic leukaemia risk and intensity of exposure to pesticide groups (all levels of confidence) 

Unexposed Low Medium 

Pesticide groups Ca/co OR 95% Cl Ca/co OR 95% Cl Ca/co OR 95% Cl 

Inorganic pesticides 362/2262 1.0 14/33 2.2 1.1to4.2 10/34 1.2 0.6 to 2.5 
Organic pesticides 362/2262 1.0 21/81 1.4 0.8 to 2.3 18/55 1.6 0.9 to 2.8 
Carbamates • 362/2262 1.0 0/10 3/9 1.8 0.5 to 6.9 
Organophosphates* 362/2262 1.0 5/13 2.7 0.9 to 7.8 4/8 2.6 0.7 to 9.2 
Orqanochlorines" 362/2262 1.0 5/15 1.8 0.6 to 5.0 5/20 1.0 0.4 to 2.8 
Phenoxy acids" 362/2262 1.0 017 2/4 2.4 0.4 to 13.8 
Chlorophenols 362/2262 1.0 7/27 1.2 0.5 to 2.6 5/18 1.4 0.4 to 3.9 

High 

Ca/co OR 95% Cl 

3/11 
6/26 

1.2 
1.2 

0.3 to 4.3 
0.5 to 3.0 

1/11 0.5 0.1 to 4.2 

*Medium and high intensity categories combined. 

organic pesticides and particularly to organophosphates 
(OR=2.6, 95% CI 1.2 to 6.0). An elevated risk of CLL was also 
associated with ever exposure to inorganic pesticides (OR=1.6, 
95% CI 1.0 to 2.5), but not with arsenical pesticides. Because 
of the a priori hypothesis of an association, we cite the moder 
ate excess risk of B cell lymphoma associated with ever expos 
ure to phenoxyacids (OR=1.4, 95% CI 0.6 to 3.1). No excess 
risk was observed in association with ever exposure to the 
other pesticide groups. The results did not change when explor 
ing risk for NHL, thus excluding CLL and multiple myeloma, 
but including T-cell lymphomas. Further adjustment for ever 
exposure to solvents or contact with livestock did not virtually 
change the risk estimates. 
Table 3 shows risk of CLL by intensity of exposure. The 

excess risk associated with ever exposure to inorganic pesticides 
was limited to the lowest category of intensity of exposure. 
Risk for medium-high intensity of exposure to organopho 
sphates showed a 2.6-fold excess (CI 95% 0.7 to 9.2), matching 
that observed for the low intensity category; however, the CJ 
was wide at either level, and there was no trend in risk (Wald 
test for trend=0.14; p=0.44). 

Risk of B cell lymphoma associated with ever exposure to 
organophosphates did not vary according to whether exposure 
started before 1980 or from 1980 onwards and it did not 
increase by cumulative exposure tertiles (Wald test for trend 
p=0.09). Instead, CLL risk was highest when exposure started 
from 1980 onwards (OR=4.0, 95% CI 0.9 to 16.6), and it 
increased significantly by increasing cumulative exposure tertile 
(Wald test for trend p=0.02). 
Only a few individual agrochemicals were represented by a 

sizable number of study subjects, and the exposed cases of 
DLBCL, CLL and even B cell lymphoma overall were too few 
for any meaningful inference to be drawn. Exposure to the 
three most frequently identified individual organophosphate 
pesticides, namely dimethoate and parathion, among the most 

Table 4 Risk of B cell lymphoma and occupational exposure to 
selected specific active ingredients of pesticides 

B cell Lymphoma 

Pesticide Ca/Co OR 95% Cl 

Mancozeb 2/4 0.6 0.1 to 3.5 
Methomyl Q/4 
Oimethoate 3/2 1.8 0.3 to 10.6 
Glyphosate 4/2 3.1 0.6 to 17.1 
DOT 3/3 1.2 0.2 to 5.9 
Endosulfan Q/4 
2,4-dicholorophenol 2/4 0.6 0.1 to 3.5 
Methylchloro phenoxyacetic acid 4/0 CX) 

OOT, dichloro-diphenyl-trichloro-ethane. 

4 

commonly used agricultural insecticides, and glyphosate, an 
organophosphorous herbicide, was more prevalent among B cell 
lymphoma cases, while exposure to 2,4 dichlorophenoxyacetic 
acid (2,4 D) was not (table 4). Four cases and no controls had 
been exposed to methylchloro-phcnoxyacctic acid (MCPA) 
(p=0.13); these were one case of diffuse large B cell lymphoma, 
one case of follicular lymphoma and two cases of unspecified 
non-Hodgkin's lymphoma. Three cases and one control to 
other phenoxy herbicides (p=0.28) not shown in the tables. 
When limiting the analysis to the only study subjects whose 

exposure was assessed with a high degree of confidence, 
numbers became smaller and Cis wider. The excess risk of CLL 
associated with exposure to organophosphatcs and that of B 
cell lymphoma associated with exposure to phenoxyacids were 
no longer observed. Risk was not significantly elevated for the 
B cell lymphomas overall among study subjects with high con 
fidence of exposure to organophosphates, and CLL risk was 
moderately increased among study subjects with high confi 
dence of exposure to organochlorines Overall, these results 
were not interpretable because of the small number 0£ cases 
and the rarity of the exposed. 

DISCUSSION 
Our results provide limited support to the hypothesis of an asso 
ciation between occupational exposure to organophosphorous 
pesticides and risk of CLL. We did not find evidence of an associ 
ation with lymphoma overall, B cell lymphoma as a group of dif 
ferent subtype entities and DLBCL. The low prevalence of 
exposed in our community based study did not allow to explore 
the association with other less prevalent lymphoma subgroups, 
nor to detect unquestionable associations with specific agro 
chemicals. Also, we were unable to confirm the repeatedly 
reported association between exposure to phenoxyacids and 
lymphoma. It is worth reporting, however, that while we did 
not observe any indication of a higher prevalence 0£ exposure to 
2,4 D among cases in respect to controls, four B cell lymphoma 
cases and no controls were identified as exposed to MCPA. 
Organophosphate insecticides were introduced for agricultural 

use in Europe mainly in the early 1970s, when insect resistance 
to organochlorines became manifest. Their use was associated 
with an almost twofold increase in risk of NHL in a Nebraska 
case-control study;35 women appeared to be at greater risk .. 15 
Similar findings were reported in Italy and China.36 37 An 
increase in NHL risk was also reported in Australia for exposures 
defined as substantial, although no increasing trend in risk was 
observed with Ercqucnc6, intensity level, probability, duration and period of exposure.3 Specific organophosphates were inves 
tigated in several studies. Malathion, one the most frequently 
used organophosphorous insecticide, showed an association in a 
Canadian case-control study,39 and in another study conducted 
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in Iowa and Minnesota.40 Diazinon and dichlorvos also showed 
an association in the 111\innesota study.40 The positive associ 
ation with exposure to diazinon was confirmed, but limited to 
lymphocytic lymphoma, in one study,'11 while results of the US 
Agricultural Health Study were negative for malathion.42 
Studies were negative for phorate,43 and positive for terbufos, 
scoring the fourth in the US sales of organophosphates, 
although again no trend was observed by exposure metrics." 
Selected lymphoma subtypes, such as multiple myeloma45 and 
hairy cell leukaemia46 were reported in association with expos 
ure to glyphosate. The four B cell lymphoma cases exposed to 
glyphosate in our study included one case each of DLBCL, CLL, 
multiple myeloma and unspecified B cell lymphoma. 

2,4 D is the best known phenoxy acid. Its association with 
NHL risk was first reported in Sweden47 and thereafter con 
firmed in the US,48 with a sixfold increase among farmers 
using it for more than 20 days/year, and significant increases 
in risk for direct use and Jack of use of personal protective 
equipment. Fu~sher gositive results were reported in

5 
case 

control studies.?" 49 while a Danish follow-up study· 1 was 
negative for an association, and a multicentre mortality study 
of 19 000 European workers exposed to phenoxy acids and 
chlorophenols52-54 confirmed the association in presence of 
concurrent exposure to 2,2,4,4 tetrachlorodibenzodioxin, a fre 
quent contaminant of phenoxy herbicides and chlorophenols, 
but not when tetrachlorodibenzodioxin exposure was 
excluded. Recent updates of historical cohorts of phenoxyacids 
manufacturers and trichlorophenol manufacturers provided 
negative or conflicting findings.55--57 On the other hand, a 
dose-related increase in NHL mortality by semiquantitative 
indicators of exposure to pentachlorophenol was observed in a 
cohort of woodworkers in British Columbia, Canada58 and 
two out of three NHL cases in a small cohort of Swedish 
woodworkers exposed to phenoxyacid herbicides belonged to 
the highest exposure subgroup.59 Although the most recent 
case-control studies, with a more accurate exposure assess 
ment, tend to confirm the association of NHL risk with 
phenoxy herbicides, and particularly 2,4D, 4-chlor-2-MCPA, 
and 4-chlor-2-methyl phenoxypropionic acid (MCPP or meclor 
pop), 14 39 '14-46 60 61 reviews still underline the uncertainties 
and inconsistency in the results.62 A specific effect of 2,4D on 
the haemolymphopoietic tissue was supported by the observa 
tion of an increase of the lymphocyte proliferation index in 
workers exposed to the herbicide.63 
Our results did not find an association with phenoxyacid her 

bicides and chlorophenols, and provide only limited support to 
an increase in risk associated with exposure to organophos 
phate insecticides and herbicides. We did not observe an associ 
ation with exposure to carbamates and thiocarbamates, 
organochlorines, and triazines and triazoles. 

Use of carbarnates in general, and carbaryl in particular, was 
associated with an increase in NHL risk in ltaly,36 Canada39 
and the USA40 and the association was inconsistent by expos 
ure metric in the US Agricultural Health Study,64 while, in this 
large survey, NHL risk showed an increasinS trend with increas 
ing exposure to butilate, a thiocarbarnate, and sevin was the 
only carbamate associated with a dose-related increase in NHL 
risk in a Chinese study.66 We did not find an association 
between exposure to carbarnates and risk of lymphoma or its 
most prevalent subtypes. 
A first suggestion of an increasing NHL risk among exposed 

to organochlorine insecticides, namely chlordane, toxafene, 
aldrin, lindane and DDT, came from several international case 
control studies, where concurrent exposure to numerous other 

pesticides also occurred.36 39 40 Multiple myeloma,67 CLL38 and 
hairy cell leukaemia68 were more frequently associated. 
However, detailed analyses of US case-control studies found 
out that the positive association with exposure to DDT or 
lindane disappeared after adjusting for exposure to organopho 
sphates and phenoxyacids.69 70 Positive findings have been more 
recently published on lindane,71 72 but they keep being incon 
clusive for the entire class of organochlorines.36 

Suggestions of a positive association between triazine herbi 
cides and NHL risk provided limited evidence because of mul 
tiple concurrent exposures and the small study size;68 73 

besides, the pooled analysis of three case-control studies74 and 
the a~~I11sis of the repeatedly cited US Agricultural Health 
Study'? 6 did not support the hypothesis of a role of atrazine 
and cyanazine. Less relevant in this regard seems to be the 
increased risk associated with exposure to metribuzin in one 
study, as all Iymphopoietic mali;nancies were considered 
altogether and the CI included unity. 7 

Our study presented the advantage of a very detailed expos 
ure assessment, coupled with an up-to-date pathological defin 
ition of disease entities. Such conditions represent substantial 
improvements in the assessment of occupational exposures and 
in lessening exposure and disease misclassification in 
population-based studies, which would help in revealing true 
associations. While this differentiates our effort from most pre 
vious population-based case-control studies, loss of statistical 
power is the unavoidable consequence of the gain in specificity. 
ln fact, the overall prevalence of exposed was small, with 3.8% 
participants exposed to inorganic pesticides and 7 1 % exposed 
to organic pesticides, and when restricting the analysis to study 
subject with high confidence exposure to pesticides in general, 
or when investigating individual chemicals, numbers were 
further reduced and the Cl of the risk estimates widened. For 
the same reason, no analysis on the effects of specific combined 
pesticide exposures was conducted. On the other hand, since 
biological effects are likely to vary by individual chemicals in a 
chemical class or functional class, when exploring associations 
with such classes results may be diluted, thereby missing true 
effects related to individual chemicals. 
The use of hospital controls in several centres contributing 

to this multinational effort, and the low response rate in the 
two centres where controls were population-based, may have 
introduced selection bias, further limiting the interpretation of 
our study results. 

We included age, gender, education, and centre as covariates 
in our regression models to adjust our risk estimates, as a set of 
core factors potentially relevant in subgroup analyses. We 
selected education as a surrogate for lifestyle factors potentially 
acting as confounders of the association between pesticide 
exposure and risk of B cell lymphoma. In turn, lifestyle might 
surrogate exposure to endotoxin, a component of the outer 
membrane of Cram-negative bacteria, a common contaminant 
associated with poverty, crowding, pets, household cleanliness 
and the rural environment.78 79 However, the endotoxin role in 
lyrnphomagenesis remains to be investigated. Other potential 
confounders would include occupational exposure to solvents 
and livestock, and household use of insecticides. We did not 
observe any change in the risk estimates for B cell lymphoma 
and CLL associated with ever exposure to organophosphates 
after .adjusting by ever exposure to solvents or contact with 
livestock. Information on household insecticide use was self 
reported by the study subjects; however, the low prevalence of 
occupationally exposed in our population based study, and the 
poor ability of study subjects to identify the chemical class of 
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the household insecticides, did not allow the use of such infor 
mation. We cannot exclude that bias might have resulted, 
although it seems unlikely that it would have acted only on 
the specific association between occupational exposure to orga 
nophosphates and CLL. 
Caution is therefore required in interpreting our findings. 

Among pesticides considered in the IA.RC Monographs for their 
potential human carcinogenicity, 1 subjects in our study men 
tioned having used arsenicals, DDT, chlorophenols and phenox 
yacids. In most instances, the use of these chemicals date to 
early periods in the work histories of study subjects, while the 
limited evidence of an association with CLL risk was related to 
still popular organophosphorous insecticides and phenoxy her 
bicides that did not undergo specific IA.RC evaluations thus far. 
The lack of consistent dose response trends with all the expos 
ure metrics might support chance as the explanation for the 
observed associations, or it might imply some mechanism dif 
ferent horn a direct intervention in the carcinogenic process. 
For instance, dimethoate was shown to have the lowest cyto 
toxic and genotoxic potential in cultured cells, compared to 
other three organophosphates and the organochlorine endosul 
fan;80 however, its administration in experimental female mice 
caused a decrease in total immunoglobulins and IgM and in the 
number of plaque forming cells;81 the same effects were 
observed over three generations following repeated administra 
tion of low doses dimethoate in outbred Wistar rats.82 Functional 
activity of Th l lymphocytes, immune reactions associated with 
these cells, and interferon-r production were impaired after sub 
acute malathion intoxication in albino rats, 83 while thymic 
atrophy and reduction in splenic germinal centres followed 
methylparathion administration in rabbits.f" Such irnmunosup 
pressive effects do not seem related to acetylcholinesterase inhib 
ition, the typical toxicological mechanism of organophosphate 
poisoning, and cover a large number of pesticides, including orga 
nochlorines, organophosphates, carbamates and pyrethroids.85 86 
It is unclear whether the typically toxicological criterion of 
dose-response in establishing causal association would apply also 
in mechanisms involving the immune system. 
ln conclusion, our analysis of a large European data set pro 

vides no support to a role of occupational exposure to several 
specific agrochemicals in the aetiology of B cell lymphoma, and 
limited support in the aetiology of CLL. Further multicentre 
studies in international settings coupling state oE the art expos 
ure assessment in farm work and availability of detailed patho 
logical diagnoses with a larger study size might provide the 
proper setting to further test the hypothesis. 
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EXHIBIT d l/ ~3J 
WIT: y) JJ C Cd ' 
DATE: vj )~/4) 
Maureen Pollard, AMR 

Non-Hodgkin Lymphoma and Occupational Exposure to 
Agricultural Pesticide Chemical Groups and Active Ingredients: 
A Systematic Review and Meta-Analysis 

Sl. List of terms included in the PubMed literature search. 

((((((((("agricultural workers' diseases/chemically induced"[MAJR] AND "neoplasms"[MeSH 
Major Topic] AND ("1980/01/0I"[PDAT] : "2013/06/31"[PDAT]) AND "humans"[MeSH 
Tenns]) OR (((("occupational exposure"[MeSH Terms] OR occupational 
exposure[Title/Abstract]) OR "occupational exposure"[MeSH Terms]) OR occupational 
exposures[Title/Abstract]) AND (" 1980/01/01 "[PDAT] : "2013/06/31 "[PDAT]) AND 
"humans"[MeSH Terms])) AND (((((((("lymphoma, non-hodgkin"[MeSH Terms] AND 
"humans"[MeSH Terms] AND english[la]) OR (non-hodgkin[tiab] OR non-hodgkins[tiab]) 
AND (lymphoma[tiab] OR lymphomas[tiab])) AND ("1980/01/0l"[PDAT] 
"2013/06/31 "[PDAT]) AND "humans"[MeSH Tenns]) OR "neoplasms"[MeSH Terms]) OR 
neoplasm[Title/Abstract]) OR cancer morbidity[Title/Abstract]) OR cancer 
mortality[Title/Abstract]) AND (" 1980/01/01 "[PDAT] "2013/06/31 "[PDAT]) AND 
"humans"[MeSH Tenns])) AND (((pesticid[tiab] OR pesticidal[tiab] OR pesticidal'[tiab] OR 
pesticidally[tiab J OR pesticidas[tiab] OR pesticide[tiab] OR pesticide/albumin[tiab J OR 
pesticide/animal[tiab] OR pesticide/biocide[tiab] OR pesticide/commodity[tiab] OR 
pesticide/crop[tiab] OR pesticide/environmental[tiab J OR pesticide/fertilizer[tiab J OR 
pesticide/food[tiab] OR pesticide/fruit[tiab) OR pesticide/fungicide[tiab] OR pesticide/ha[tiab] 
OR pesticide/heavy[tiab] OR pesticide/herbicide[tiab] OR pesticide/hurnic[tiab] OR 
pesticide/m2[tiab] OR pesticide/matrix[tiab J OR pesticide/metabolite[tiab] OR 
pesticide/metabolites[tiab J OR pesticide/metal[tiab] OR pesticide/mmt[tiab] OR 
pesticide/neurotoxin/free[tiab] OR pesticide/nitrate[tiab] OR pesticide/oxidation[tiab J OR 
pesticide/pathogen[tiab] OR pesticide/petroleum[ tiab] OR pesticide/polymer[tiab] OR 
pesticide/product[tiab] OR pesticide/seed[tiab] OR pesticide/soil[tiab] OR 
pesticide/solvent[tiab J OR pesticide'[tiab J OR pesticide's[tiab] OR pesticideformulating[tiab] 
OR pesticiderelated[tiab] OR pesticides[tiab] OR pesticides/biocides[tiab] OR 
pesticides/chemicals[tiab] OR pesticides/commodities[tiab] OR pesticides/consumption[tiab] 
OR pesticides/contaminants[tiab] OR pesticides/fertilisers[tiab J OR pesticides/fertilizer[tiab] 
0 R pesticides/fertilizers [ tiab] 0 R pesticides/fruit[ tiab] 0 R pesticides/fungicides[ tiab] OR 
pesticides/herbicide[tiab J OR pesticides/herbicides[tiab] OR pesticides/insecticides[tiab] OR 
pesticides/metabolites[tiab J OR pesticides/metals[tiab] OR pesticides/pesticide[tiab J OR 
pesticides/petroleurn[tiab J OR pesticides/polycyclic[tiab] OR pesticides/sample[tiab J OR 
pesticides/vasectomy/occupational[tiab] OR pesticides/weedicides[tiab J OR pesticides'[tiab] 
OR pesticidesatlas[tiab] OR pesticidestargeted[tiab] OR pesticidic[tiab] OR pesticids[tiab]) 
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OR "pesticides"[MeSH Terms] OR pesticides[nm] OR (insecticid[tiab] OR insecticidal[tiab] 
OR insecticidal/acaricidal[tiab] OR insecticidal/anthelmintic[tiab] OR 
insecticidal/antifeedant[tiab] OR insecticidal/irritant[tiab] OR insecticidal/larvicidal[tiab] OR 
insecticidal/narcotic[tiab] OR insecticidal'[tiab] OR insecticidal'b[tiab] OR insecticidally[tiab J 
OR insecticidation[tiab] OR insecticide[tiab] OR insecticide/acaricide[tiab] OR 
insecticide/antifeedant[tiab] OR insecticide/ascaricide[tiab] OR insecticide/atrazine[tiab] OR 
insecticide/fumigant[ tiab] OR insecticide/fungicide[tiab] OR insecticide/herbicide[tiab] OR 
insecticide/kg[tiab] OR insecticide/lipid[tiab] OR insecticide/liter[tiab] OR 
insecticide/miticide[tiab] OR insecticide/mosquito[tiab] OR insecticide/nematicide[tiab] OR 
insecticide/nematocide[tiab] OR insecticide/organophosphrus[tiab J OR 
insecticide/pesticide/herbicide[tiab] OR insecticide/repellant[tiab] OR 
insecticide/repellent[tiab] OR insecticide'[tiab] OR insecticide's[tiab] OR insecticided[tiab] OR 
insecticideresistance[tiab] OR insecticideresistant[tiab] OR insecticides[tiab] OR 
insecticides/acaricides[tiab] OR insecticides/attract[tiab] OR insecticides/larvicides[tiab J OR 
insecticides/mn[tiab] OR insecticides/pesticides[tiab] OR insecticides/repellents[tiab] OR 
insecticides'[tiab] OR insecticidetreated[tiab] OR insecticidewise[tiab] OR insecticidial[tiab J 
OR insecticidic[tiab] OR insecticiding[tiab] OR insecticidity[tiab] OR insecticido[tiab]) OR 
"insecticides"[MeSH Terms] OR insecticides[nm] OR (herbicidal[tiab] OR herbicidally[tiab] 
OR herbicide[tiab] OR herbicide/binding[tiab] OR herbicide/dessicant[tiab] OR 
herbicide/fungicide[tiab] OR herbicide/g[tiab] OR herbicide/humic[tiab] OR 
herbicide/insect[tiab] OR herbicide/kg[tiab] OR herbicide/micelle[tiab] OR herbicide/ml[tiab] 
OR herbicide/mutation[tiab] OR herbicide/nematicide[tiab] OR herbicide/outcome[tiab] OR 
herbicide/pesticide[tiab] OR herbicide/substrate[tiab] OR herbicide/therapeutic[tiab] OR 
herbicide/tio2[tiab] OR herbicide's[tiab] OR herbicided[tiab] OR herbicideh[tiab] OR 
herbicideh/phytocide[tiab] OR herbicideinduced[tiab] OR herbicides[tiab] OR 
herbicides/chlorophenols[tiab] OR herbicides/desiccants[tiab] OR herbicides/fungicides[tiab] 
OR herbicides/pesticides[tiab] OR herbicides'[tiab] OR herbicidetolerant[tiab] OR 
herbicidies[tiab] OR herbicidin[tiab] OR herbicidins[tiab] OR herbicidovorans[tiab] OR 
herbicids[tiab]) OR (herbicides[nm] OR herbicidins[nm]) OR (fungicid[tiab] OR 
fungicidal[tiab] OR fungicidal/bactericidal[tiab] OR fungicidal/fungistatic[tiab] OR 
fungicidal/parasiticidal[tiab] OR fungicidally[tiab] OR fungicidals[tiab] OR fungicide[tiab] 
OR fungicide/algicide[tiab] OR fungicide/antioxidant[tiab] OR fungicide/bactericide[tiab] OR 
fungicide/disinfectant[tiab] OR fungicide/oomyceticide[tiab] OR fungicide/slimicide[tiab] OR 
fungicide's[tiab] OR fungicideal[tiab] OR fungicideinsensitive[tiab] OR fungicides[tiab] OR 
fungicides/herbicides[tiab] OR fungicides'[tiab] OR fungicidial[tiab] OR fungicidic[tiab] OR 
fungicidicus[tiab] OR fungicidin[tiab] OR fungicidine[tiab] OR fungicidity[tiab] OR 
fungicido[tiab] OR fungicidy[tiab])) AND ("1980/01/0l"[PDAT] : "2013/06/31"[PDAT]) 
AND "humans"[MeSH Terms])) NOT News[Publication Type]) NOT Congresses[Publication 
Type]) NOT Review[Publication Type]) AND ("1980/01/0l"[PDAT]: "2013/06/3l"[PDATJ) 
AND "humans"(MeSH Terms]) NOT "child"[MeSH Terms] AND (("1980/01/0l"[PDAT] 
"2013/12/31 "[PDAT]) AND "humans"[MeSH Tenns])) 
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Figure SI. Forest plots showing estimates of association between non-Hodgkin lymphoma 
and occupational, agricultural exposures to (A) phenoxy herbicides, (B) 2,4-D, (C) MCPA, 
(D) glyphosate, (E) organochlorine insecticides, and (F) DDT 

Author, % 

yea, Esimate (95% Cl) Weight 

Cantor 1992 14.61 

Eriksson 2008 7.89 

Hardell 2002 12.10 

Hoar 1986 2.20 (1.19,4.07) 5.01-;k' 

Orsi2009 0.90 (0.41, 1.96) 3.98 

Pahwa 2012 1.45 (1.13, 1.87) 18.22 

Pearce 1987 1.00 (0.78, 1.32) U.95 

Persson 1989 4.90 (1.02, 23.52) 1.11 

Persson 1993 2.30(0.61,8.61) 1.53 

Woods 987 1.33 (0.89, 1.98) 10.48 

Zahm 1993 0.90 (0.44, 1.86) 4.46 

Mihg1 2006 1.10 (0.64, 1.91) 6.67 
' 

Overall (I-squared= 37.7%, p = 0.090) 0 1.36 (1.15, 1.61) 100.00 

.0425 23.5 

(A) 

Author, % 

year Eslmato (95% Cl) Weight 

Cantor 1992 1.20 (0.90, 1.60) 27.25 

Pahwa 2012 1.27 (0.98, 1.65) 28.47 

Zahm 1990 1 .50 (0.90, 2.50) 18.06 

Mills 2005 3.80 (1.85, 7 .81) 12.14 

Miligi 2006 0.90 (0.47, 1.71) 14.08 

Overall (I-squared= 61.5%, p = 0.034) <> 1.40 (1.03, 1.91) 100.00 

.128 7.81 

(B) 
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Figure Sl. Cont. 

Author, 

year Esimate (95% Cl) 

De Roos 2003 1.00 {0.39, 2.55) 15.44 

Eriksson 2008 2.81 (1.27, 6.22) 18.47 

Hardell 2002 2.60 (1.39, 4.86) 22.82 

Pahwa 2012 1.12 (0.62, 2.03) 23.78 

Mil!g1 2CX)6 0.90 (0.42, 1.91) 19.49 

Overall (I-squared= 54.4%, p = 0.067) 1 .51 (0.94, 2.45) 100.00 

.161 6.22 

(C) 

<> 

~ 10 ,:1.10. -4.00) / 14.~ ·J 
/ LL I\, CJ-~ 1.10 (0.67.1.$1) o;.'0.~3 

~.o:t~L10.3]1) 18n 

3..Q.4 0.oe.. a.54) 7.05 

1~(0~ 1.74) :;Je,.69 

1.00 i'OAS. :;:.10) 1::.16 

·1.AG 0.cr.s. 1.96) 100.00 

117 

(D) 
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Figure SI. Cont. 

Authot, 

year Esimate (95% Cl) Weigt,1 

Orsi 2009 \ 6$1 ' 1 , .ao to.ea, 3.70) 

' ' ..!... 
Pahwa 2012 7" 1 .29 (0.99, 1 .68) 35.87 

' 
Purdue 2007 o.eo to.so. 1.29) 14.36 

: 
' 

CantOf 1992 
"c, 

1.30 (1.00, 1.59) 35.19 ,- 
' 

Zatvn 1993 1.60 (0.81, 3.15) 7.70 

Overall (l-squared = 19.6%. p • 0.290) <> 1.26 (1.03, 1.53) 100.00 

I 
.27 3.7 

(E) 

Author, % 

year Esimate (95% Cl) Weight 

Barris 1998 1.20 (0.95, 1.52) 39.24 

Eriksson 2008 1.46 (0.94, 2.27) 11.04 

Hardell 2002 1.27 (0.93, 1.74) 21.74 

Pahwa 2012 1.69 (1.07, 2.67) 10.37 

Persson 1993 ) 2.00 (0.21, 18.97) 0.43 

Purdue 2007 0.90 (0.57, 1.42) 10.32 

Woods 1987 -:--- 1.82 (1.04, 3.19) 6.86 

Overall (I-squared= o.os, p = 0.426) 0 1.29 (1.11, 1.49) 100.00 

.0527 19 

(F) 

Notes: 2,4-D, 2,4-Dichlorophenoxyacetic acid; 2,4,5-T, 2,4,5-Trichlorophenoxyacetic acid; 
DDT, dichlorodiphenyltrichloroethane; MCPA, 2-methyl-4-chlorophenoxyacetic acid. 
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Table Sl. Results of the sensitivity analysis of the effects of gender on the meta- analytic 

relative risk estimates of association between non-Hodgkin lymphoma and occupational 

exposure to agricultural pesticides 

Chemical Meta relative risk, 95% CI I2 Papers contributing 
Male only population 

Amide herbicides 1.7, 0.7-3.8 64.0% [1,2J 
Glyphosate 1.7, 1.0-2.9 52.7% [3-5J 

Phenoxy herbicides 1.4, 1.1-1.6 44.1% [ 1,2,4,6-8] 
2,4-D 1.3, 1.2-1.5 0.0% [1,6,9J 
MCPA 1.5, 0.8-2.7 56.6% [3,4,6J 

Benzoic acid herbicides 1.3, 0.9-1.9 0.0% [1,2J 
Tritluralin 1.0, 0.6-1.5 0.0% [3,5J 

Triazine herbicides 1.5, 0.70-3.4 73.5% [ l ,2J 
OP insecticides I 7, 1.3-2.1 39.2% [6, lOJ 

Diazinon I 7, 1.2-2.3 0.0% [5, 1 OJ 
Malathion 1.8, 1.4-2.2 0.0% [ 6, l OJ 

Carbamate insecticides 1.8, 1.3-2.4 0.0% [5, 11 J 
OC insecticides 1.3, I 1-1 6 0.0% [ 1,6J 

DDT 1.3, 1.1-1.5 27.3% [4,6,8,12J 
Aldrin 1.4, 0.2-11 1 92.0% [3,5J 

Chlordane 1.3, 0.9-1 7 0.0% [3,5,8] 
Lindane 1.9, 1.2-2.9 38.0% [5,13,14] 

Male and female population 
Phenoxy herbicides 1.6, 1.0-2.5 42.2% [15-19J 

2,4-D 1.8, 0.5-7 .5 88.3% [19,20J 
MCPA 1.6, 0.5-4.8 76.0% [15,19J 

OC insecticides 1.2, 0.5-2.5 70.4% [16,21J 
DDT 1.2, 0.8-1.7 18.0% [15,18,21J 

Notes: 2,4-D, 2,4-Dichlorophenoxyacetic acid; DDT, dichlorodiphenyltrichloroethane; 
MCPA, 2-methyl-4-chlorophenoxyacetic acid; NHL, OC, Organochlorine; OP; Organophosphorus. 
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Table S2. Results of the sensitivity analysis of the effects of study design on the 
meta-analytic relative risk estimates of association between non-Hodgkin lymphoma and 
occupational exposure to agricultural pesticides, with contributing estimates restricted to 
case-control studies. 

Chemical Meta relative risk, 95% CI 12 Paper contributing 
Glyphosate 1.6, 1 1-2.2 36.6% [3-5, 15, 16] 

Organochlorine insecticides 1.3, 1 1-1.6 0.0% [ 1,6, 16,22] 
Aldrin 1.4, 0.2-11 1 92.0% [3,5] 

Chlordane 1.3, 0.9-1 7 0.0% [3,5,8] 
DDT 1.3, 1 1-1.6 0.0% [4,6,8,12,15,18] 

Lindane 1.9, 1.2-2.9 38.0% [5,13,14] 
Notes: DDT; dichlorodiphenyltrichloroethane. 
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Table S3. Results of the sensitivity analysis of the effects of diagnosis period on the 
meta- analytic relative risk estimates of association between non-Hodgkin lymphoma and 
occupational exposure to agricultural pesticides 

Chemical Meta relative risk, 95% CI Papers contributing 
Diagnosis period 1975-1989 

2,4-D 
Amide herbicides 

Glyphosate 
MCPA 

Phenoxy herbicides 
Triazine herbicides 

Carbamate insecticides 
OC insecticides 
OP insecticides 

Diazinon 
Chlordane 
Trifluralin 
Malathion 

DDT 
Lindane 

1.8, 1.0-3.1 
1.4, 0.8-2.3 
2.3, 1.4-4.0 
I 7, 0.7--4.4 
1.4, 1 1-1 7 
1.4, 0.9-2.2 
1.6, 1.1-2.4 
1.3, 1.0-1 7 
1.5, 1.2-1.8 
1.6, 1.2-2.2 
1.5, 1.0-2.5 
0.9, 0.6-1.3 
1.6, 1.3-2.1 
1.3, 1.1-1.5 
2.0, 0.9--4.4 

76.6% 
43.2% 
0.0% 
63.8% 
44.9% 
47.3% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
65.0% 

[1,9,20] 
[1,2,22] 
[3,4] 
[3,4] 

[1,2,4,7,8,17,18,22] 
[ 1,2,23] 
[11,22] 
[ 1,22] 
[10,22] 
[10,20] 
[3,8] 

[3,20,22] 
[10,20] 

[4,8,12,18] 
[13,14] 

Diagnosis period in the 1990s 
2,4-D 

Glyphosate 
MCPA 

Phenoxy herbicides 
Trifluralin 
Aldrin 

Chlordane 
Diazinon 
DDT 

Lindane 
Malathion 

OC insecticides 

1.6, 0.8-3 .1 
1 5, 1.0-2.1 
1.6, 0.9-2.9 
1.5, 1.3-1.8 
1.0, 0.6-1.6 
1.5, 0.2-10.1 
0.9, 0.6-1.4 
1.5, 1.0-2.4 
1.3, 1.0-1.6 
1.9, 1 1-3.2 
1.9, 1.5-2.5 
I 1, 0.7-1 7 

79.3% 
411% 
61.9% 
0.5% 
0.0% 
90.0% 
42.2% 
0.0% 
25.4% 
46.6% 
0.0% 
66.2% 

[6,19,20] 
[4,5,15,24] 
[4,6,15,19] 
[4,6,15,19] 

[5,20] 
[5,21] 
[5,21] 
[5,20] 

[4,6, 15,21] 
[5,14,21] 
[6,20] 
[6,21] 

Diagnosis period in the 2000s 
Glyphosate 

Phenoxy herbicides 
Lindane 

OC insecticides 

1.3, 0.9-2.0 
1.4, 0.7-3.2 
2.0, 0.8-5.0 
1.2, 0.5-2.5 

31.8% 
66.7% 
70.6% 
70.4% 

[15,16,24] 
[15,16] 
[14, 21] 
[16,21] 

Notes: 2,4-D, 2,4-Dichlorophenoxyacetic acid; 
MCPA, 2-methyl-4-chlorophenoxyacetic acid; NHL, OC, 

DDT, dichlorodiphenyltrichloroethane; 
Organochlorine; OP; Organophosphorus; 

1 The first, second, and third editions of the International classification of diseases for oncology were introduced in 
1976, 1990, and 2000, respectively. 
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Table S4. Results of the sensitivity analysis of the effects of geographic region on the meta-analytic relative risk estimates of association 
between non Hodgkin lymphoma and occupational exposure to agricultural pesticides 

Chemical Meta risk ratio estimate, 
95% CI 

I2 Papers contributing 

Only papers that report results from studies conducted in North America 
Glyphosate 1.3, 1.0-1.8 26.7% 
Phenoxy 1.4, 1 1-1.6 12.9% 
herbicides 
2,4-D 1.5, l.1-2.1 66.5% 
MCPA I I, 0.7-1.8 0.0% 
DDT 1.3, 1.0-1 7 45.1% 

OC insecticides 1.2, 1.0-1.5 24.7% 
OP insecticides 1.6, 1.3-2.0 15.1% 

Lindane 1.5, 1.2-1.9 0.0% 

[3,5,24] 
[ 1,2,6,8,22] 

[1,6,9,20] 
[3,6] 

[6,8,12,21] 
[ 1,6,21,22] 
[6, l 0,22] 
[5,13,21] 

Only papers that report results from studies conducted in the United States 
2,4-D 1.8, 1.0-3.1 76.6% 
Amide 1.4, 0.8-2.3 43.2% 

herbicides 
Glyphosate 1.5, 0.8-2.8 58.5% 
Phenoxy 1.3, 1.0-1 7 271% 
herbicides 
Trifluralin 0.9, 0.6-1.3 0.0% 
Triazine 1.4, 0.9-2.2 47.3% 
herbicides 
Aldrin 0.5, 0.4-0.8 0.0% 

Carbamate 1.6, 1 1-2.4 0.0% 
insecticides 
Chlordane 1.1, 0.7-2.0 55.0% 

DDT 1.2, 0.9-1.7 44.8% 

[ I ,6,9,20] 
[ 1,2,22] 

[3,24] 
[ 1,2,8,22] 

(3,20,22] 
[l ,2,22] 

[3,21] 
[22,23] 

[3,8,21] 
[8, 12,21] 
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Table S4. Cont. 

Chemical Meta risk ratio estimate, 
95% CI 

12 Papers contributing 

Only papers that report results from studies conducted in the United States 
Diazinon 1.6, 1.2-2.2 0.0% 

Lindane 1.4, 1.1-1.9 0.0% 
Malathion 

OC insecticides 
OP insecticides 

1.6, 1.3-2. l 
1.2, 0.8-1 7 
1.5, 1.2-1.8 

0.0% 
47.5% 
0.0% 

[10,20] 

[13,21] 
[10,20] 
[1,21,22] 
[10,22] 

Only papers that report results from studies conducted in European countries 
Glyphosate 1.7, 1.0-3.1 42.8% 
Phenoxy 
herbicides 
MCPA 

1.6, 1.2-2.1 

1.9, 0.9-3.8 

29.1% 

64.8% 

[4,15,16] 
[4,15-19] 

[4,15,19] 

Only papers that report results from studies conducted in Sweden 

Glyphosate 2.2, 1.3-3.8 0.0% 
MCPA 2.7, 1.6-4.4 0.0% 
Phenoxy 
herbicides 

DDT 

1.9, 1.4-2.4 

1.3, 1.0-1 7 

0.0% 

0.0% 

[4, 15] 
[ 4, 15] 

[4,15,17,18] 

[4,15,18] 

Notes: 2,4-0, 2,4-Dichlorophenoxyacetic acid; DDT, dichlorodiphenyltrichloroethane; 
MCPA, 2-methyl-4-chlorophenoxyacetic acid; NHL, OC, Organochlorine; OP; Organophosphorus 
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Table SS. Results of the sensitivity analysis of the effects of control source on the meta- analytic relative risk estimates of association 
between non-Hodgkin lymphoma and occupational exposure to agricultural pesticides, with contributing estimates restricted to those from 
population-based case-control studies. 

Chemical Meta risk ratio estimate, 95% J2 Papers contributing 
CI 

HERBICIDES 
Amide herbicides 1.4, 0.8-2.3 43.2% [I ,2,22] 

Glyphosate 1.7, 1.2-2.6 39.0% [3,4,5, 15] 

Phenoxy herbicides 1.5, 1.2-1 7 20.7% [ 1,2,4,6,8, 15, 17-19,22] 

Triazine herbicides 1.4, 0.9-2.2 47.3% [ 1,2,22] 

INSECTICIDES 

Organochlorine insecticides 1.2, 1.0-1.5 24.7% [1,6,21,22] 

Organophosphate insecticides 1.6, 1.4-1.8 0.0% [1,6, 10,22] 
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Table S6. Results of the sensitivity analysis of the effects of paper contributing on the meta- analytic relative risk estimates of association 
between non-Hodgkin lymphoma and occupational exposure to agricultural pesticides. 

Chemical Meta estimate, 95% Cl I2 Change Papers contributing 
HERBICIDES 

Alachlor 0.9, 0.6--1.5 69.7% Use Cantor 1992 [lJ instead of De Roos 2003 [3J [l ,25J 
Glyphosate 1.3, 1.0-1 7 18.2% Use Cantor 1992 [IJ instead of De Roos 2003 [3J [ 1,24 J 

2,4-D 1.3, 0.8-2.1 82.5% Use De Roos 2003 [3J instead of Cantor 1992 [lJ and Zalun 1990 [9J [3,6,19,20J 
Carbarnate herbicides 1.2, 0.5-2.6 24.8% Use Cantor 1992 [ 1 J and Hoar 1986 [2J instead of Zheng 2001 [ 11 J [ 1,2, l 6,22J 

Trifluralin 1 1, 0.7-1.8 40.0% Use Cantor 1992 [lJ and Hoar 1986 [2J instead of De Roos 2003[3J [l,2,5,20,22J 
INSECTICIDES 
OP insecticides I 7, 1.4-2.0 0.0% Use Cantor 1992 [ I J instead of Waddell 2001 [ 1 OJ [l,6,16,22J 

Diazinon 1.5, 1 1-2.1 0.0% Use Cantor 1992 [lJ instead ofWaddell 2001 [lOJ [l,3,5,20] 

Diazinon I 7, 1.2-2.4 0.0% 
Use De Roos 2003 [3] instead of Cantor 1992 [l] and instead of Waddell 

[3,5,20J 
2001 [lOJ 

Dimethoate 1.2, 0.7-2.0 0.0% Use De Roos 2003 [3] instead ofWaddell 2001 [10] [3,5J 

Malathion 1.7, 1.3-2.2 13.5% 
Use Cantor 1992 [lJ (use of malathion on animals) instead of Waddell 

[1,6,20J 
2001 [ l OJ or De Roos 2003 [3] 

Malathion 1.8, 1.4-2.4 0.0% 
Use Cantor 1992 [ IJ (use of malathion on crops) instead of Waddell 2001 

[1,6,20J 
[lOJ or De Roos 2003 [3J 

Malathion 1.6, 1.2-2.3 37.2% Use De Roos 2003 [3] instead ofWaddell 2001 [IOJ and Cantor 1992 [lJ [3,6,20J 
Carbary! 1.9, 1.3-2.9 0.0% Use Cantor 1992 [I] instead of Zheng 200 I [ 11] [ l ,5J 
Carbary! 1.5, 0.7-3.1 64.7% Use De Roos 2003 [3J instead of Cantor 1992 [ 1] or Zheng 2001 [ I l J [3,5J 

Carbofuran I. 1, 0.7-1.8 0.0% Use Cantor 1992 [ l] instead of Zheng 200 l [l lJ [ l ,5J 
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Table S6. Cont. 

Chemical Meta estimate, 95% CI I2 Change Papers contributing 
Carbofuran 1 1, 0.6-2.0 23.0% Use De Roos 2003 [3] instead of Cantor 1992 [ 1] or Zheng 2001 [ I 1] [3,5] 

DDT 1.3, 1 1-1 5 0.0% Use Cantor 1992 [I] (use of DDT on animals) instead of Baris 1998 [ 12] [1,4,6,8, 15, 18,21] 
DDT 1.3, 1.2-1 6 9.1% Use Cantor 1992 [I] (use of DDT on crops) instead of Baris 1998 [12] [ 1,4,6,8, 15, 18,21] 

Methoxychlor 1.0, 0.8-1.4 0.0% Use Cantor I 992 [ 1] instead of De Roos 2003 [3] [1,5] 
Aldrin 1.3, 0.5-2.9 80.2% Use Cantor 1992 [I] instead of De Roos 2003 [3] [1,5,21] 

Chlordane 1.2, 0.8-1.7 48.7% 
Use Cantor 1992 [l] (Use of chlordane on animals) instead of De Roos 

[1,5,8,21] 
2003 [3] 

Chlordane 1 I, 0.8-1.7 42.1% 
Use Cantor 1992 [ l] (Use of chlordane on crops) instead of De Roos 2003 

[1,5,8,21] 
[3] 

Dieldrin 1.0, 0.4-2.2 50.8% Use Cantor 1992 [I] instead of De Roos 2003[3] [ 1,21] 
Heptachlor 1.0, 0.7-1.7 20.5% Use Cantor 1992 [l] instead of De Roos 2003[3] [ 1,21] 

Lindane 1.62, 1.16-2.27 30.6% 
Use Cantor 1992 [l] (use oflindane on animals) instead of Blair 1998 

[1,5,14,21] 
[13] and De Roos 2003 [3] 

23.30 
Use Cantor 1992 [I] (use oflindane on crops) instead of Blair 1998 

Lindane 1.85, 1.27-2.69 
% 

[13]and [1,5,14,21] 
De Roos 2003 [3] 

1.62, 1.08-2.41 
39.20 

Use De Roos 2003 [3] instead of Cantor 1992 [l] or Blair 1998 [13] [3,5,14,21] Lindane 
% 

23.50 Use Cantor 1992 [l] (use oftoxaphene on animals) instead of De Roos 
[1,20,21] Toxaphene 1.25, 0.72-2.19 

% 2003 [3] 

Toxaphene 1.50, 0.96-2.33 0.00% 
Use Cantor 1992 [l] (use oftoxaphene on crops) instead of De Roos 2003 

[1,20,21] 
[3] 

Notes: 2,4-D, 2,4-Dichlorophenoxyacetic acid; 
NHL, OC, Organochlorine; OP; Organophosphorus. 

DDT, dichlorodiphenyltrichloroethane; MCPA, 2-methyl-4--dilorophenoxyacetic acid; 
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