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{Table 1> Pesticides associated

with cancer in the AHS cohort.

Cancer Categorical p—Value
Pesticide(s) Chemical family exposure RR or OR*(95%CI) References
type for trend
cutoff value
All L Beane Freeman et al.
Diazinon OoP > 109 LD? 1.58 (1.10-2.28) 0.007
cancers 2005
Highest IWLD? 1.41 (1.03-1.95) 0.033
van Bemmel et al.
EPTC Thiocarbamate > 50 LD 1.28 (1.09-1.50) < 0.01 2008
> 112 IWLD® 1.16 (1.01-1.35) 0.02
Lung Chlorpyrifos OP > 56 LD? 2.18 (1.31-3.64) 0.002 Lee et al. 2004a
> 417 IWLD? 1.80 (1.00-3.23) 0.036
X Beane Freeman et al.
Diazinon oP > 109 LD® 3.46 (1.57-7.65) 0.001
2005
Highest IWLD” 1.55 (0.65-3.72) 0.22
Dicamba Benzoic acid > 224 LD? 3.10 (1.20-7.70) 0.04 Alavanja et al. 2004
Dieldrin (o]¢] > 50 LD? 5.30 (1.50-18.6) 0.005 Purdue et al. 2006
> 9 LD 2.80 (1.10-7.20) 0.02
Metolachlor Chloroacetanilide Highest IWLD? 3.50 (1.60-7.70) 0.002 Alavanja et al. 2004
> 457 LD 4.10 (1.60-10.4) 0.015
Pendimethalin Dinitroaniline > 224 LD 3.50 (1.10-10.5) 0.005 Hou et al. 2006
>116 LD 2.40 (1.10-5.30) 0.29
> 539 IWLD? 1.10 (0.50-2.60) 0.94
Leukemi  Chlordane/He o
(0]} > 9 LD 2.60 (1.20-6.00) 0.02 Purdue et al. 2006
a ptachlor
Highest IWLD 2.10 (0.80-5.50) 0.1
Chlorpyrifos OoP > 56 LD? 2.15 (0.96-4.81) 0.36 Lee et al. 2004a
> 417 IWLD? 3.01 (1.35-6.69) 0.15
Diazinon op > 39 LD 3.36 (1.08-10.5)  0.026 Beane Freeman et .
2005
Highest IWLD® 2.88 (0.92-9.03) 0.053
van Bemmel et al.
EPTC Thiocarbamate > 50 LD® 2.36 (1.16-4.84) 0.02 2008
> 112 IWLD® 1.87 (0.97-3.59) 0.05
Fonofos oP > 609 IWLD® 2.67 (1.06-6.70) 0.04 Mahajan et al. 2006a
All LH Alachlor Chloroacetanilide > 116 LD¢ 2.04 (0.89-4.65) 0.02 Lee et al.  2004b
> 710 IWLD® 2.42 (1.00-5.89) 0.03
Chlorpyrifos oP > 56 LD? 1.43 (0.86-2.36) 0.26 Lee et al. 2004a
> 417 IWLD? 1.99 (1.22-3.26) 0.09
. Beane Freeman et al.
Diazinon OoP > 39 LD° 1.84 (0.89-3.82) 0.094
2005
Highest IWLD®  2.01 (1.02-3.94) 0.049
Permethrin Pyrethroid > 50 LD® 1.64 (1.07-2.52) 0.35 Rusiecki et al. 2009
> 220 IWLD® 1.31 (0.84-2.04) 0.6
NHL Lindane ocC > 22 LD? 2.10 (0.80-5.50) 0.12 Purdue et al. 2006
Highest IWLD 2.60 (1.10-6.40) 0.04
Multiple
myelom Permethrin Pyrethroid > 50 LD° 5.72 (2.76-11.8) < 0.01 Rusiecki et al. 2009
a
> 220 IWLD® 5.01 (2.41-10.4) < 0.01

Abbreviations: LH, lymphohematopoietic cancers; OC, organochlorine; OP, organophosphate. ORs were reported by Alavanja

et al. (2003, 2004), Andreotti et al. (2009), and Lee et al. (2007b); all others are RRs.

All RRs and ORs were estimated relative to nonexposed applicators except those reported for alachlor and all LH (Lee et al.
2004b) and dicamba and colon (Samanic et al. 2006) and lung cancer (Alavanja et al. 2004), which are in reference to
applicators in the lowest category of exposure. “Highest quintile. °Highest quartile. “Highest tertile. ®Highest sixth.
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{Table 2> Evidence of carcinogenicity noted as of March 2009 by the U.S.
EPA, PMRA, and IARC for registered pesticides that displayed a significant

exposure- response relationship with at least one type of cancer.

Cancer type(s)
with Organization
Pesticide Type exposure—espon
se In the AHS U.S. EPA PMRA IARC
cohort
Likely (high
= doses) / not Not registered in Not
Alachlor (Lee et al. 2004b) Herbicide All LH ,
likely Canada evaluated
(low doses)
Insecticid Not registered in »
Aldicarb (Lee et al. 2007a) Colon Group E? Group 3
e Canada
. Under
. Insecticid . B b
Carbaryl (Mahajan et al. 2007) Melanoma Likely re—evaluation Group 3
e
(positive)®
X Insecticid ) g Not
Chlorpyrifos (Lee et al. 2004a, 2007b) Lung, rectum Group E? Negative
e evaluated
- ) . All cancers, all
Diazinon (Alavanja et al. 2004; Beane Insecticid ) ) ) Not
LH, leukemia, Not likely Negative
Freeman et al. 2005) @ evaluated
lung
Dicamba (Alavanja et al. 2004; Samanic et o . 4 Not
Herbicide Colon, lung Not likely Negative®
al. 2006) evaluated
. All cancers,
EPTC (Andreotti et al. 2009; van Bemmel o . . " Not
Herbicide colon, leukemia, Not likely Negative
et al. 2008) evaluated
pancreas
Under Not
o
Imazethapyr (Koutros et al. 2009) Herbicide Bladder, colon Not likely re—evaluation
J evaluated
(negative)
. . Not registered in Not
Metolachlor (Alavanja et al. 2004) Herbicide Lung Group C°
Canada evaluated
Pendimethalin (Alavanja et al. 2004; . Lung, rectum, . Not
) Herbicide Group C° Positive®
Andreotti et al. 2009; Hou et al. 2006) pancreas evaluated
: o Insecticid . - b
Permethrin (Rusiecki et al. 2006, 2009) Myeloma Likely Positive® Group 3
@
. . . . Not
Trifluralin (Kang et al. 2008) Herbicide Colon Group C° Positive®
evaluated

“Evidence of noncarcinogenicity in humans. °Not classifiable as to carcinogenicity to humans.

“Evidence of carcinogenicity

noted in animal toxicology database. “No evidence of carcinogenicity in animal toxicology database. °Possible human

carcinogen.
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AL kA 4EA fF710A4 e AWollA  dealkylation, hydrolysis,
isomerrization 5= %3 UWAE Y O,0-Dimethyl phosphate(e}st DMP),
O,0-Diethyl phosphate(¢]3} DEP), 0O,0-Diethyl phosphrothionate(®]3s}
DETP), O,0-Dimethyl phosphorodithioate(¢]d} DMDTP), O,0-Dimethyl
phosphorothioate(®] s} DMTP), O,0-diethyl phosphorodithioate(¢]3} DEDTP)
5o HAHA = Wttt} (Figure 7)
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RI,R2:
CH}O_

C2H50_

CH3S—_

dimethylphosphate
0
0|
> P— OH
C,H,0

diethylphosphate

X:0,S
A R3: —OR
RI_ |
~~— NHR
P—R3
R2 / —3SR
Metabolites in urine
S
o] o
: >P—OH O~ o
CH,0 CH,0 -
dimethylthiophosphate dimethyldithiophosphate
S
C2H50 H C2H50 H
> P— OH >P— SH
C2H5O C2H50
diethylthiophosphate diethyldithiophosphate

<{Figure 2> General chemical structure of organophosphorous insecticides and

their metabolites



{Table 5> The analytical

method for

metabolites of organophosphorous

insecticides
Parental compound Analyte Matrix Anal Method
chloropyrifos DEP, DETP blood GC
Diazinon DEP, DETP urine GC
Dichlorovos DMP blood, urine GC
Dicrotophos DMP urne GC
Dimethoate DMP, DMTP,DMDTP urine GC
Disulfoton DEP, DMTP,DMDTP urine GC
EPN PNP urine GC
Ethion DEP, DETP, DEDTP urine GC
Guthion DMP,DMTP, DMDTP urine GC
Malathion DMP,DMTP, DMDTP urine GC
Melvinphos DMP urine GC
Methy! parathion DMP, DMTP urine GC
Naled DMP urine GC
Parathion DEP, DETP, PNP urine GC
Phorate DEP, DETP, DEDTP urine GC
Phospamidon DEP, DETP,DEDTP urine GC
o] F71A Foke] diAkAlE DAPRE tiAlE il EPNWE 5o]4
P-nitrophenolZ tAFE T wEbA] {71004 FoFe] tiAAl 42 DAPE
qgoR wdel me YAUAAER o4 F glon], 9Ie A$
DAPE 714 25419 A=et4 EUHY =22 o] &3t

(3) IR0

Cypermethrin, deltamethrin, permethrin, Cyfluthrint
o]3} 3-PBA)=

benzoic acid(

A), cypermethrin, permethrint

SA 4EA oAbt AR e
Sl AW A] 3-Phenoxy
&5 UAFEY deltamethrin 3-PBA ©]9]llcis-
3-(2,2-Dibromovinyl)-2,2-dimethylcyclopropane carboxylic acid(®]3} cis-DBC
cis—and trans—3-(2,2-Dichlorovinyl)-2,2—-dimet




hylcyclopropane carboxylic acid(©]3} cis—and trans-DCCA), cyfluthrini= 4-Fl
uoro-3-Phenoxybenzoic acid(¢]3} F-FBA)Z A tH(Figure 8).

{Table 6> Pyrethroid insecticides and their metabolites in urine

Substance Biomarker in urine

Cypermethrin, deltamethrin, cis—and trans—3—(2,2—Dichlorovinyl) —2,2—dimethylcyclopropane carboxylic
permethrin acid (cis—and trans—DCCA)

cis—3—(2,2—Dibromovinyl) —2,2—dimethylcyclopropane carboxylic acid

Deltamethrin (cis—DBCA)

Cyfluthrin, cypermethrin,

deltamethrin. permethrin 3—Phenoxybenzoic acid (3—PBA)

Cyfluthrin 4—Fluoro—3—Phenoxybenzoic acid (F-FBA)

W and X : Cl, Br, COOCH(CF;3), H, CF;
Y : CN, H
Z:H,F

N A A

ester cleavage

— :
W>}(OH Wfi:(

X o
cis- and trans-DCCA 3-PBA

cis-DBCA F-PBA

Il Il

I Conjugates in urine I

<Figure 3> General chemical structure of pyrethroid insecticides and their
metabolites
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