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8&;*"6,#%7)$)%8&++,8$,7%&6%8?"+72,6%&'%!)$"6&%')2;%:&29,2#%+"3"60%"6%)02"81+$12)+%)2,)#%&'%
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Figure 1-1.  Oregon Counties 
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,'',8$#M%:,)96,##M%5)2)+S#"#%)67%#,"V12,#.%(?,%,'',8$#%&'%)81$,%?"0?J+,3,+%,=5&#12,%$&%KT%

5,#$"8"7,#%)2,%96&:6%$&%8)1#,%6,12&+&0"8%7S#'168$"&6b%?&:,3,2M%$?,%,'',8$#%&'%8?2&6"8%+&:J

&#,%,7 =5&#12,%$&%KT%5,#$"8"7,#%)2,%6&$%:,++%96&:6.%%

% B6%K2,0&6M%)#%"6%&$?,2%5)2$#%&'%$?,%8&16$2SM%KT%5,#$"8"7,%,=5&#12,%"#%6&$%2,#$2"8$,7%$&%

)02"81+$12)+%)2,)#.%%%_"$?"6%6&6J)02"81+$12,%8&;;16"$",#M%5,#$"8"7,%,=5&#12,%$S5"8)++S%

&8812#%$?2&10?%;1+$"5+,%5)$?:)S#M%"68+17"60%'&&7M%72"69"60%:)$,2M%)67%2,#"7,6$")+%5,#$"8"7,%
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1#,.%%(?,#,%#);,%5)$?:)S#%)2,%52,#,6$%"6%)02"81+$12,%8&;;16"$",#M%)+&60#"7,%)77"$"&6)+%

5)$?:)S#%2,+)$,7%$&%$?,%52&=";"$S%&'%?&;,#%2,+)$"3,%$&%'",+7#%:?,2,%5,#$"8"7,#%)2,%)55+",7M%

)67%8)22SJ?&;,%$2)6#5&2$%&'%2,#"71,#%&6%*&&$#M%8+&$?"60M%)67%#9"6%L/,6#9,%,$%)+.M%CGGGb%!1%,$%

)+.%%CGGGb%D8>)1+,S%,$%)+.M%CGG@O.%%_"$?"6%)02"81+$12,%8&;;16"$",#M%5,#$"8"7,%,=5&#12,%;)S%

3)2S.%%/&2%,=);5+,%')8$&2#%)'',8$"60%"6$,2J8&;;16"$S%3)2")*"+"$S%;)S%"68+17,A%82&5%$S5,%

L!);*,2$%,$%)+.M%CGGPO%)67%02&:"60%#,)#&6%L^,29&:"$V%,$%)+.M%CGGEb%_?S)$$%,$%)+.M%CGGEO.%%KT%

5,#$"8"7,#%)55+",7%&6%82&5#%"6%K2,0&6%;)S%"68+17,%&6,%&2%;&2,%&'%$?,%8&;5&167#%+"#$,7%"6%

()*+,%@J@.%%KT%5,#$"8"7,#%)2,%6&$%$?,%&6+S%$S5,%&'%5,#$"8"7,%)55+",7%$&%82&5#%"6%K2,0&6M%&$?,2%

$S5,#%&'%5,#$"8"7,#%)67%',2$"+"V,2#%;)S%*,%)55+",7%$&%82&5#%"6%)77"$"&6%$&%&2%"6#$,)7%&'%KT%

5,#$"8"7,#.%

% T,#$"8"7,%,=5&#12,%3)2",#%*S%"67"3"71)+.%40,%"#%&6,%')8$&2%)'',8$"60%"67"3"71)+%5,#$"8"7,%

,=5&#12,.%>?"+72,6%)0,#%GJP%)2,%;&2,%+"9,+S%$&%?)3,%?"0?,2%,=5&#12,%$&%5,#$"8"7,#%*,8)1#,%

8?"+72,6%;)S%8&;,%"6%7"2,8$%8&6$)8$%:"$?%5,#$"8"7,%2,#"71,#%&6%5)2,6$`#%:&29%8+&$?"60%L!1%,$%

)+.M%CGGGOb%8?"+72,6%82):+%&6%$?,%'+&&2%L5&##"*+S%,)$%:?)$%$?,S%'"67%&6%$?,%'+&&2O%)67%,60)0,%

"6%+,##%?)67%:)#?"60%)67%;&2,%?)67J$&J;&1$?%)8$"3"$S%$?)6%&+7,2%#8?&&+%)0,%8?"+72,6%

L/2,,;)6%,$%)+.M%CGG@O.%%R8?&&+J)0,%8?"+72,6%L)0,#%QJ@@O%+"9,+S%?)3,%+&:,2%,=5&#12,%$&%

5,#$"8"7,#%$?)6%S&160,2%8?"+72,6.%%>?"+72,6%"6%$?"#%&+7,2%)0,%02&15%0,6,2)++S%#5,67%;&2,%

$";,%&1$#"7,%)67%):)S%'2&;%$?,%?&;,%)67%&28?)27#b%$)9,%$?,%*1#%?&;,%2)$?,2%$?)6%$?,%

');"+S%8)2#%:?,2,%:&29%8+&$?,#%)67%*&&$#%?)3,%*,,6b%#5,67%+,##%$";,%&6%$?,%'+&&2%)67%)2,%

+,##%+"9,+S%$&%,)$%:?)$%$?,S%'"67%&6%$?,%'+&&2b%#8?&&+J)0,%8?"+72,6%,60)0,%"6%;&2,%?)67%

:)#?"60%)67%+,##%?)67J$&J;&1$?%)8$"3"$S%L/2,,;)6%,$%)+.M%CGG@O.%X,67,2%7"'',2,68,#%"6%

*,?)3"&2%$?)$%;)S%)+#&%)'',8$%5,#$"8"7,%,=5&#12,%L/2,,;)6%,$%)+.M%CGG@O.%

% KT%5,#$"8"7,%,=5&#12,%8)6%&8812%3")%"60,#$"&6M%"6?)+)$"&6M%7,2;)+%)*#&25$"&6%&2%&81+)2%

8&6$)8$.%%(?,2,%"#%#"06"'"8)6$%3)2")$"&6%"6%$?,%2,+)$"3,%)*#&25$"&6%*S%$?,#,%3)2"&1#%2&1$,#.%/&2%
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*,$:,,6%8?"+72,6%L"6$2)%8?"+7%3)2")*"+"$SO%)67%:"$?"6%)%8?"+7%L"6$,2%8?"+7%3)2")*"+"$SO%L470)$,%

$%)+.M%CG, G@O.%
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)2,%*"&;)29,2#%&'%&20)6&5?&#5?)$,%,=5&#12,.%4*&1$%QIe%&'%2,0"#$,2,7%KT%5,#$"8"7,#%)2,%

;,$)*&+"V,7%"6$&%;,)#12,)*+,%<4T%;,$)*&+"$,#%"6%12"6,%#);5+,#%L><>M%CGGIO.%

D,)#12,;,6$#%&'%$?,#,%;,$)*&+"$,#%"6%12"6,%2,'+,8$%2,8,6$%,=5&#12,%&88122"60%3")%;1+$"5+,%
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" 7",$?S+5?&#5?)$,%L<\TO%

" 7",$?S+$?"&5?&#5?)$,%L<\(TO%%

% <,$,8$)*+,%8&68,6$2)$"&6#%&'%12"6)2S%<4T#%)2,%6&$%6,8,##)2"+S%"67"8)$"3,%&'%)6%

)73,2#,%?,)+$?%&1$8&;,.%(?"#%)6)+S#"#%:"++%,=);"6,%$?,%2,+)$"&6#?"5%*,$:,,6%12"6)2S%<4T#%

)67%6,12&*,?)3"&2)+%$,#$%5,2'&2;)68,.%(?,%2,+)$"&6#?"5%*,$:,,6%12"6)2S%<4T#%)67%

8,$S+8?&+"6,#$,2)#,%,6VS;,%)8$"3"$S%?)#%6&$%*,,6%:,++%7,'"6,7%"6%$?,%+"$,2)$12,.%)
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Table 1-1.  Organophosphate pesticides and their metabolites (CDC, 2005) 
Pesticide DMP DMTP DMDTP DEP DETP 
Azinphos methyl  " " "   
Chlorethoxyphos     " " 
Chlorpyrifos     " " 
Chlorpyrifos methyl " "    
Coumaphos     " " 
Dichlorvos (DDVP) "     
Diazinon      " " 
Dicrotophos  "     
Dimethoate   " " "   
Disulfoton     " " 
Ethion     " " 
Fenitrothion  " "    
Fenthion  " "    
Isazaphos-methyl  " "    
Malathion  " " "   
Methidathion   " " "   
Methyl parathion " "    
Naled  "     
Oxydemeton-methyl  " "    
Parathion     " " 
Phorate     " " 
Phosmet " " "   
Pirimiphos-methyl " "    
Sulfotepp     " " 
Temephos  " "    
Terbufos    " " 
Tetrachlorvinphos  "     

Notes: Shaded indicates OP pesticides utilized in at least one agricultural community in this analysis 
 
 %
K1$8&;,A%W,12&*,?)3"&2)+%(,#$%T,2'&2;)68,%

% W,12&*,?)3"&2)+%$,#$#%)2,%)6%)##,##;,6$%&'%$?,%8&67"$"&6%&'%)6%"67"3"71)+`#%6,23&1#%

#S#$,;%$?2&10?%)6%&*#,23,7%*,?)3"&2.%%%T#S8?&+&0"#$#%?)3,%7,3,+&5,7%3)2"&1#%$,#$%*)$$,2",#%

$&%;,)#12,%$?,%,'',8$#%&'%$&="8%,=5&#12,#%&6%$?,%6,23&1#%#S#$,;.%%^,8)1#,%$?,%";5)8$%&'%KT%

5,#$"8"7,#%&6%W^%'168$"&6"60%"#%1696&:6M%)%:"7,%2)60,%&'%6,12&*,?)3"&2)+%'168$"&6#%"#%

"68+17,7%"6%$?"#%)6)+S#"#.%%T,2'&2;)68,%&6%6,12&*,?)3"&2)+%$,#$#%"#%";5)8$,7%*S%8&;5+,=%

"6$,2)8$"&6#%);&60%0,6,$"8M%,63"2&6;,6$)+%)67%#&8")+%')8$&2#%$?)$%;)S%)'',8$%8?"+72,6%

712"60%31+6,2)*+,%5,2"&7#%&'%7,3,+&5;,6$.%%()*+,%@JC%52,#,6$#%)%#1;;)2S%&'%$?,%

6,12&*,?)3"&2)+%$,#$#%1#,7%"6%$?"#%)6)+S#"#.%
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Table 1-2.  Summary of neurobehavioral tests included in this analysis 
Name of Test Function and Description 
BARS Digit Span Memory and Attention 

- Spoken presentation of number sequences 
- Two chances at each span length 

BARS Finger Tapping Response Speed and Coordination  
- Right and left hand tested 
- Number of taps in 20 second duration 

BARS Match-to-Sample Visual Memory 
- 15 stimuli shown for 3 seconds 
- Choose from three choices 
- Delay between presentation and choice varies from 1 to 8 seconds 

BARS Continuous Performance Attention 
- 75 shapes shown rapidly, 30 targets 
- Press key when target (circle) was shown 

BARS Divided Attention Divided Attention 
- Tap button while reciting nursery rhyme 
- Right and left hand tested 

Object Memory Test Recall and Recognition Memory 
- Shown 16 objects and asked to name 
- Immediate and delayed recall; recognition test 

Purdue Pegboard Dexterity 
- Number of small pegs placed in holes during 30 seconds 
- Right, left and both hand trials 

Visual Motor Integration Hand-eye coordination 
- Copied line drawings 

%

% F&?+;)6%,$%)+.%LCGGGO%)##,;*+,7%$?,%$,#$%*)$$,2S%1#,7%"6%$?"#%)6)+S#"#.%(?"#%$,#$%

*)$$,2S%8&;*"6,#%$?,%'&++&:"60A%8&;51$,2"V,7%$,#$#%'2&;%$?,%^,?)3"&2)+%4##,##;,6$%)67%

F,#,)28?%RS#$,;%L^4FROb%$?,%T1271,%T,0*&)27%)67%f"#1)+%D&$&2%B6$,02)$"&6%$,#$#M%$:&%

5,2'&2;)68,%$,#$#%)7)5$,7%'2&;%$?,%T,7")$2"8%\63"2&6;,6$)+%(,#$%^)$$,2S%LT\W(^Ob%)67%)%

$,#$%&'%2,8)++%)67%2,8&06"$"&6M%$?,%K*[,8$%D,;&2S%(,#$.%%T,2'&2;)68,%$,#$#%'2&;%$?,%^4FR%

?)3,%*,,6%1#,7%"6%#,3,2)+%#$17",#%,=);"6"60%5,#$"8"7,%,=5&#12,%"6%8?"+72,6%)67%)7&+,#8,6$#%

LF&?+;)6%,$%)+.M%CGG@)M%CGGIM%CGGQ)O.%

% <,;&02)5?"8%3)2")*+,#%)2,%96&:6%$&%";5)8$%5,2'&2;)68,%&6%6,12&*,?)3"&2)+%$,#$#%"6%

8?"+72,6%)67%)71+$#%LF&?+;)6%,$%)+.M%CGGQ)O.%%K$?,2%')8$&2#%"6'+1,68"60%6,12&*,?)3"&2)+%$,#$%

5,2'&2;)68,%"68+17,A%,=5&#12,%$&%&$?,2%$&="8)6$#M%52,6)$)+%"6'+1,68,#M%61$2"$"&6M%0,6,$"8%

52,7"#5&#"$"&6M%)67%#&8"&J,63"2&6;,6$)+%"6'+1,68,#%&3,2%$?,%+"',$";,%&'%)%8?"+7%L<",$2"8?%)67%

^,++"60,2M%@ZZHb%U)8&*#&6%)67%U)8&*#&6M%CGGIb%_,"##%)67%^,++"60,2M%CGGPO.%%%(?"#%$?,#"#%

)6)+S#"#%:"++%,=5+&2,%$?,%5&$,6$")+%,'',8$%&'%KT%5,#$"8"7,%,=5&#12,%&6%6,12&*,?)3"&2)+%$,#$%
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5,2'&2;)68,M%)+&60#"7,%&$?,2%')8$&2#%$?)$%;)S%+,)7%$&%7"'',2,68,#%"6%6,12&*,?)3"&2)+%$,#$%

5,2'&2;)68,.%

F,3",:%&'%$?,%!"$,2)$12,%

% 46";)+%#$17",#%?)3,%7,;&6#$2)$,7%$?)$%KT%"6#,8$"8"7,#%)'',8$%;);;)+")6%*2)"6%

7,3,+&5;,6$%L>)#"7)%,$%)+.M%CGGHO.%%R5,8"'"8)++SM%+&60J$,2;%,=5&#12,%LgEGJ7)S#O%$&%KT%

5,#$"8"7,#%)73,2#,+S%)'',8$#%6,12&+&0"8%7,3,+&5;,6$%)67%'168$"&6.%%B6%0,6,2)+M%)6";)+%

#$17",#%?)3,%2,5&2$,7%8&06"$"3,%8?)60,#M%)+$,2,7%6,12&;&$&2Y#,6#&2S%'168$"&6M%";5)"2,7%

3,#$"*1+)2%'168$"&6M%)67%,+,8$2&5?S#"&+&0"8)+%8?)60,#%LD&#,2M%CGGQO.%/"67"60#%'2&;%)6";)+%

#$17",#%8)6%52&3"7,%"6#"0?$%"6$&%,=5,8$,7%?)V)27#%"6%?1;)6%5&51+)$"&6#.%%]&:,3,2M%

,=5,2";,6$)+%7"'',2,68,#%*,$:,,6%)6";)+%)67%?1;)6%#$17",#%#18?%)#%7&#)0,M%712)$"&6%&'%

,=5&#12,M%2&1$,%&'%,=5&#12,M%#5,8"'"8%,675&"6$#%;,)#12,7M%)67%$?,%8&6$2&++,7%+)*&2)$&2S%

,63"2&6;,6$%&'%)6";)+%#$17",#M%;1#$%*,%$)9,6%"6$&%8&6#"7,2)$"&6.%%%

% \5"7,;"&+&0"8)+%#$17",#%,=);"6"60%$?,%2,+)$"&6#?"5%*,$:,,6%+&60J$,2;%5,#$"8"7,%

,=5&#12,%)67%6,12&+&0"8%?,)+$?%?)3,%2,5&2$,7%6,12&*,?)3"&2)+%8?)60,#%"6%)71+$#%,=5&#,7%

$&%5,#$"8"7,#%"6%$?,%:&295+)8,.%R18?%#$17",#%'&167%7,'"8"$#%"6%$?,%'&++&:"60%6,12&*,?)3"&2)+%

;,)#12,#A%#1#$)"6,7%)$$,6$"&6M%"6'&2;)$"&6%52&8,##"60M%;&$&2%#5,,7%)67%8&&27"6)$"&6%

LR$,5?,6#%,$%)+.M%@ZZIb%^)VS+,:"8#J_)+8V)9%,$%)+.M%@ZZZb%/",7+,2%,$%)+.M%@ZZQb%h);,+%,$%)+.M%

CGGEO.%%%

% c6$"+%2,8,6$+SM%2,+)$"3,+S%',:%#$17",#%?)3,%,=);"6,7%8?2&6"8%,63"2&6;,6$)+%

,=5&#12,%)67%W^%&1$8&;,#%"6%8?"+72,6.%%U12,:"8V%,$%)+.%%LCGGNOM%2,8,6$+S%8&6718$,7%)%2,3",:%

&'%,"0?$%,5"7,;"&+&0"8)+%#$17",#%)##,##"60%6,12&*,?)3"&2)+%,'',8$#%&'%52,6)$)+%)67%8?"+7?&&7%

,=5&#12,%$&%KT%5,#$"8"7,#.%%R"=%&'%$?,%#$17",#%2,3",:,7%:,2,%5,2'&2;,7%"6%$?,%cRM%)67%$:&%

:,2,%5,2'&2;,7%&1$#"7,%&'%$?,%cR.%%R$17S%5)2$"8"5)6$#%2)60,7%"6%)0,#%'2&;%6,:*&26#%$&%

)7&+,#8,6$#.%%4+$?&10?%;,$?&7#%'&2%8+)##"'S"60%$?,%,=5&#12,%)67%&1$8&;,#%3)2",7%"6%,)8?%&'%
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,63"2&6;,6$)+%,=5&#12,%$&%5,#$"8"7,#%"6%7,3,+&5"60%8&16$2",#%8)6%*,%2,+)$"3,+S%?"0?%"6%
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% /)2;%:&29,2%');"+",#%"6%$?,%cR%)2,%5&$,6$")++S%,=5&#,7%$&%;&2,%5,#$"8"7,#%$?)6%
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Table 1-3.  Summary of studies examining the relationship between chronic OP exposure and neurobehavioral outcomes in children (Jurewicz et al., 
2008) 
Study Reference Study Population Exposure Measure Outcome Measure Significant Finding 

Eskanzai et al. (2007) Mexican-American children 
at 6 months (N=396) and 
24 months (N=372) 

Maternal and child 
urinary DAP 
concentration 

Bayley Scales of Infant Development 
[Mental Development (MDI) and 
Psychomotor Development (PDI) 
Indices] and mother’s report on the Child 
Behavior Checklist (CBCL)  

Adverse associations of prenatal DAPs with mental development and 
pervasive development problems at 24 months of age. Results should be 
interpreted with caution given the observed positive relationship with postnatal 
DAPs. 

Young et al. (2005) US Latino infants </= 2 
months (N = 381) 

Prenatal and postnatal 
urinary DAP 
concentration 

7 clusters on the Brazelton Neonatal 
Behavioral Assessment Scale (BNBAS) 

For infants >3 days old, increasing average prenatal DAP concentrations were 
associated with an increase in both the number of abnormal reflexes and the 
proportion of infants with more than three abnormal reflexes (Total DAP 
adjusted OR=4.9, 95% I = 1.5, 16.1). No detrimental associations were found 
between average postnatal DAP concentrations and BNBAS clusters. 

Ruckart et al. (2004) US children exposed (N = 
251) and unexposed 
(N=401) to methyl 
parathion 

Children urinary and 
environmental para-
nitrophenol 
concentrations 

Pediatric Environmental 
Neurobehavioral Test Battery (PENTB) 

Exposed children had more difficulty performing tasks that involved short-term 
memory and attention. There were no differences in test scores for general 
intelligence and integration of visual motor skills. 

Rauh et al. (2006) US children 12 months, 24 
months and 36 months 
(N=254) 

Umbilical cord plasma 
analyzed for 
chloropyrifos 

Bayley PDI and MDI; CBCL The adjusted mean 36-month PDI and the MDI scores of the highly and lower 
exposed groups differed by only 7.1 and 3.0 points, respectively. However, the 
proportion of delayed children in the high-exposure group, compared with the 
low-exposure group was 5 times greater for the PDI, and 2.4 times greater for 
the MDI. 

Grandjean et al.  
(2006) 

Ecuadorian school aged 
children (N=79) 

Maternal occupation 
during pregnancy, child 
DAP concentration 

Simple reaction time, Santa Ana 
dexterity test, Stanford-Binet copying, 
and Wechsler Intelligence Scale for 
Children-Revised Digit Spans forward 

The Stanford-Binet copying test showed a lower drawing score for copying 
designs in exposed children than in controls. Increased DAP concentrations 
were associated with increased reaction time and no other outcome.  

Engel et al. (2007) US neonates before 
hospital discharge (N=311) 

Maternal Urine 
samples analyzed for 
DAPs 

 

Brazelton Neonatal Behavioral 
Assessment Scale 

Higher levels of total dimethylphosphates and total DAPs were associated 
with an increase in abnormal reflexes. 

Rohlman et al. (2005) US children age 48-71 
months (N=78) 

Parental occupation 
(AG, or Non-AG) 

5 tests from Computerized BARS and 3 
non-computerized tests: Object Memory, 
Purdue Pegboard, and VMI 

Male children of agricultural workers performed significantly worse than male 
children from non-agricultural workers on right hand Finger Tapping and 
latency measures (Match-to-Sample test). 
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Table 2-1.  Limits of Detection (LOD) 
OP Metabolite LOD (ng/mL) 
DMP 4.0 
DEP 2.0 
DMTP 2.2 
DMDTP 1.6 

DETP 1.6 

%

% >2,)$"6"6,%+,3,+#%:,2,%)+#&%;,)#12,7%"6%)++%12"6,%#);5+,#%"68+17,7%"6%$?"#%)6)+S#"#.%%

>2,)$"6"6,%8&68,6$2)$"&6#%:,2,%7,$,2;"6,7%*S%$?,%;&7"'",7%U)'',%2)$,%;,$?&7%LR"0;)%

<")06&#$"8#%>2,)$"6"6,%h"$%6&%IIIb%R"0;)%4+72"8?M%R$.%%!&1"#M%DKO.%%477"$"&6)+%7,$)"+#%&6%12"6,%

#);5+,%8&++,8$"&6%)67%)6)+S$"8)+%;,$?&7#%)2,%7,#82"*,7%"6%!);*,2$%,$%)+.%%LCGGIO.%

R$)$"#$"8)+%46)+S#"#%&'%c2"6,%R);5+,#%

Pesticide!Exposure!Over!Time!

% c2"6,%#);5+,#%:,2,%8&++,8$,7%)$%E%$";,%5&"6$#A%$?,%*,0"66"60%L(";,%@OM%;"77+,%L(";,%

CO%)67%,67%L(";,%EO%&'%$?,%02&:"60%#,)#&6.%%()*+,%CJC%52,#,6$#%$?,%7)$,#%&'%#);5+,%

8&++,8$"&6%'&2%,)8?%8&16$S.%%W&$,%$?)$%12"6,%#);5+,#%:,2,%6&$%8&++,8$,7%)$%(";,%E%"6%U)89#&6%

>&16$S.%%43)"+)*+,%#);5+,#%)$%)++%E%$";,%5&"6$#%:,2,%)6)+SV,7%$&%)##,##%3)2")$"&6%"6%5,#$"8"7,%

,=5&#12,%)82&##%$?,%02&:"60%#,)#&6.%%D,)#12,#%&'%5,#$"8"7,%,=5&#12,%"68+17,7%*&$?%$?,%
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,=5&#12,%)67%5)2,6$)+%&8815)$"&6)+%#$)$1#%52&3"7,#%)%;,)#12,%&'%8?2&6"8%5,#$"8"7,%

,=5&#12,.%
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Table 2-2.  Sample Collection Dates 
 Time 1 Time 2 Time 3 

Hood River August 2002 September 2002 October 2002 

Jackson June 2004 July 2004 NA 

Lincoln March 2002 April 2002 May 2002 

Multnomah June 2002 July 2002 August 2002 

Washington June 2002 July 2002 August 2002 

NA = not applicable because samples not collected 

% (?,%61;*,2%&'%<4T#%7,$,8$,7%:)#%8&16$,7%'&2%,)8?%8?"+7%)$%,)8?%$";,%5&"6$.%%4%8?"J

#d1)2,%$,#$%:)#%8&6718$,7%$&%)##,##%:?,$?,2%&2%6&$%$?,%8?)60,%"6%$?,%52&5&2$"&6%&'%<4T#%

7,$,8$,7%:)#%7"'',2,6$%*,$:,,6%W&6J4X%)67%4X%8?"+72,6%'&2%(";,%@%8&;5)2,7%$&%(";,%CM%

(";,%C%8&;5)2,7%$&%(";,%EM%)67%(";,%@%8&;5)2,7%$&%(";,%E.%
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8&68,26#%&'%?S72)$"&6%#$)$,%)67%;,$)*&+"8%7"#&27,2#%L!&:,6?,2V%,$%)+.%%@ZZQM%!1%,$%)+.%%
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% B67"3"71)+%<4T%8&68,6$2)$"&6#%:,2,%#1;;)2"V,7%1#"60%$?,%0,&;,$2"8%;,)6.%%(?,%

0,&;,$2"8%;,)6%"#%)%7,#82"5$"3,%#$)$"#$"8%$&%#1;;)2"V,%$?,%7)$)%)67%"#%)6%,#$";)$&2%$?,%

5&51+)$"&6%;,7")6.%%X,&;,$2"8%;,)6%8&68,6$2)$"&6#%:,2,%8)+81+)$,7%1$"+"V"60%?)+'%&'%$?,%
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$";"60%&'%$?,%;,)#12,%&'%5,#$"8"7,%,=5&#12,%1#"60%12"6,%*"&;)29,2#.%%%c#,%&'%$?,%(";,%C%

;,)#12,;,6$#%)+#&%;)=";"V,7%$?,%61;*,2%&'%8?"+72,6%8&;5+,$"60%$?,%$,#$#%71,%$&%+,)26"60%

GIO.%%%&2%52)8$"8,%,'',8$#%LF&?+;)6%,$%)+.M%CG

W,12&*,?)3"&2)+%R$)$"#$"8)+%46)+S#"#%

% W,12&*,?)3"&2)+%5,2'&2;)68,%;,)#12,#%:,2,%#1;;)2"V,7%1#"60%;,)6#M%#$)67)27%

7,3")$"&6#%LR<#OM%;,7")6#M%;)=";1;%)67%;"6";1;%3)+1,#.%%(?"#%$?,#"#%)6)+S#"#%1#,7%

2,02,##"&6%)6)+S#"#%$&%)##,##%&1$8&;,#%2,+)$,7%$&%6,12&*,?)3"&2)+%$,#$%8&;5+,$"&6%)67%

5,2'&2;)68,.%4%$,#$%8&;5+,$"&6%;,)#12,%:)#%,#$)*+"#?,7%)#%)%8&16$%&'%)++%$,#$%;,)#12,#%$?)$%

:,2,%8&;5+,$,7.%%4%$,#$%:)#%"7,6$"'",7%)#%"68&;5+,$,%"'%)%8?"+7%7"7%6&$%167,2#$)67%

"6#$218$"&6#%&2%:)#%16;&$"3)$,7%$&%8&;5+,$,%)++%$2")+#.%(,#$%5,2'&2;)68,%:)#%)##,##,7%

1$"+"V"60%#8&2,#%&6%$?,%&3,2)++%$,#$%*)$$,2S%)67%"67"3"71)+%$,#$#.%

Neurobehavioral!Test!Completion!

% D1+$"3)2")*+,%+&0"#$"8%2,02,##"&6%:)#%)55+",7%$&%$?,%52&5&2$"&6%&'%6,12&*,?)3"&2)+%

$,#$#%8&;5+,$,7%$&%)##,##%:?,$?,2%4X%8?"+72,6%:,2,%+,##%+"9,+S%$&%8&;5+,$,%6,12&*,?)3"&2)+%

$,#$#%$?)6%W&6J4X%8?"+72,6%)'$,2%8&6$2&++"60%'&2%$?,%8?"+7`#%)0,M%0,67,2%)67%$?,%;&$?,2`#%

,718)$"&6.%%(?"#%*)#"8%;&7,+%:)#%,=5)67,7%$&%,=);"6,%5&$,6$")+%,'',8$#%2,+)$,7%$&%5,#$"8"7,%

,=5&#12,%L61;*,2%&'%<4T#%7,$,8$,7O%)67%$?,%5&$,6$")+%"6$,2)8$"&6%*,$:,,6%)02"81+$12,%

#$)$1#%)67%61;*,2%&'%<4T#%7,$,8$,7.%%(?,%,'',8$%&'%$?,%"6$,2)8$"&6%:)#%$,#$,7%L1#"60%)%

+"9,+"?&&7%2)$"&%$,#$O%)67%:)#%2,$)"6,7%"6%$?,%;&7,+%"'%#"06"'"8)6$%LCJ#"7,7%p%i%G.@GO.%%%

Neurobehavioral!Test!Performance!

% 4#%7&6,%*S%F&$?+,"6%,$%)+.%%LCGGPOM%)%#1;;)2S%"67,=%:)#%7,2"3,7%$&%)##,##%:?,$?,2%

$?,%8?"+7`#%5,2'&2;)68,%&6%$?,%8&;5+,$,%*)$$,2S%&'%$,#$#%:)#%)##&8")$,7%:"$?%)02"81+$12,%
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#$)$1#.%%(&%8)+81+)$,%$?,%#1;;)2S%"67,=M%;,)#12,;,6$#%'&2%,)8?%&'%$?,%6"6,%

6,12&*,?)3"&2)+%$,#$#%:,2,%'"2#$%#$)67)27"V,7%*S%#1*$2)8$"60%$?,%&3,2)++%;,)6%'&2%$?,%

5)2$"81+)2%$,#$%)67%7"3"7"60%$?,%7"'',2,68,%*S%$?,%#);5+,%R<.%%(,#$#%"63&+3"60%+)$,68S%

;,)#12,#%)67%;"##,#%?)7%$?,%#"06#%&'%$?,%#$)67)27"V,7%;,)#12,;,6$#%2,3,2#,7%$&%52&3"7,%

8&6#"#$,68S%:"$?%$?,%&$?,2%;,)#12,#.%%W,=$M%)%;,)6%&'%$?,%#$)67)27"V,7%;,)#12,;,6$%:)#%

8)+81+)$,7%'&2%,)8?%$,#$%)67%#1;;,7%'&2%)++%6"6,%$,#$#.%%D1+$"5+,%+"6,)2%2,02,##"&6%:)#%

)55+",7%$&%$?,%#1;;)2S%"67,=%$&%)##,##%:?,$?,2%)02"81+$12,%#$)$1#%"6'+1,68,7%&3,2)++%

6,12&*,?)3"&2)+%$,#$%5,2'&2;)68,%)'$,2%8&6$2&++"60%'&2%$?,%8?"+7`#%)0,M%0,67,2%)67%$?,%

;&$?,2`#%,718)$"&6.%%(?"#%*)#"8%;&7,+%:)#%,=5)67,7%$&%,=);"6,%5&$,6$")+%,'',8$,7%2,+)$,7%

$&%5,#$"8"7,%,=5&#12,%L61;*,2%&'%<4T#%7,$,8$,7O%)67%$?,%5&$,6$")+%"6$,2)8$"&6%*,$:,,6%

)02"81+$12,%#$)$1#%)67%5,#$"8"7,%,=5&#12,.%%(?,%,'',8$%&'%$?,%"6$,2)8$"&6%:)#%$,#$,7%1#"60%)%

+"9,+"?&&7%2)$"&%$,#$%)67%:)#%2,$)"6,7%"6%$?,%;&7,+%"'%#"06"'"8)6$%LCJ#"7,7%p!i%G.@GO.%%pJ3)+1,#%

'&2%$?"#%8&;5)2"#&6%)2,%)++%$:&J#"7,7.%

% D1+$"3)2")*+,%+"6,)2%2,02,##"&6%:)#%)+#&%)55+",7%$&%"67"3"71)+%$,#$%$&%)##,##%:?,$?,2%

"67"3"71)+%$,#$%5,2'&2;)68,%:)#%)##&8")$,7%:"$?%)02"81+$12,%#$)$1#.%]&:,3,2M%*,8)1#,%$?,%

6,12&*,?)3"&2)+%$,#$%*)$$,2S%"68+17,7%;1+$"5+,%$,#$#%:"$?%;1+$"5+,%;,)#12,#M%)%;&7,+%

8&;5)2"#&6%:)#%8&6718$,7%$&%"7,6$"'S%$,#$#%)##&8")$,7%:"$?%;,)#12,#%&'%5,#$"8"7,%,=5&#12,.%

(?,%;&7,+%8&;5)2"#&6%8&6#"#$,7%&'%)%8&;5)2"#&6%&'%)7[1#$,7%FJ#d1)2,7%3)+1,#%*,$:,,6%

*)#,+"6,%)67%'1++%;&7,+M%:"$?%)%?"0?,2%FJ#d1)2,7%3)+1,%"67"8)$"60%)%*,$$,2%0&&76,##J&'J'"$.%

(?,%*)#,+"6,%;&7,+%"68+17,7%$?,%8?"+7`#%)0,M%0,67,2%)67%;&$?,2`#%,718)$"&6%LH%8&3)2")$,#O.%%

(?"#%*)#,+"6,%;&7,+%:)#%,=5)67,7%"6$&%)%'1++%;&7,+%$?)$%,=);"6,7%5&$,6$")+%,'',8$#%2,+)$,7%

$&%)02"81+$12,%#$)$1#M%61;*,2%&'%<4T#%7,$,8$,7%)67%5&$,6$")+%"6$,2)8$"&6#%&'%$?,%61;*,2%&'%

<4T#%7,$,8$,7%:"$?%)02"81+$12,%#$)$1#M%)0,M%)67%0,67,2%LZ%8&3)2")$,#O.%(?,%[&"6$%,'',8$%&'%$?,%

C%8&3)2")$,#k)02"81+$12,%#$)$1#%)67%$?,%5&$,6$")+%"6$,2)8$"&6%&'%)02"81+$12,%)%#$)$1#%:"$?%

61;*,2%&'%<4T#%7,$,8$,7k:)#%$,#$,7%1#"60%)6%,=$2)%#1;J&'J#d1)2,#%FJ$,#$.%(?,%[&"6$%,'',8$%
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&'%$?,%H%8&3)2")$,#k61;*,2%&'%<4T#%7,$,8$,7%)67%$?,%5&$,6$")+%"6$,2)8$"&6%&'%61;*,2%&'%

<4T#%7,$,8$,7%:"$?%)02"81+$12,%#$)$1#M%)0,%)67%0,67,2k:)#%)+#&%$,#$,7%1#"60%)6%,=$2)%#1;J

&'J#d1)2,#%F"$,#$.%%(,#$#%*)#,7%&6%$?,%FJ#$)$"#$"8%)2,%)+:)S#%$:&J#"7,7.%B'%&6,%&2%*&$?%&'%$?,%

,=$2)%#1;J&'J#d1)2,#%FJ$,#$%:)#%#"06"'"8)6$%LCJ#"7,7%piG.@IOM%$?,6%$?,%6,12&*,?)3"&2)+%$,#$%

:)#%8)22",7%'&2:)27%'&2%)77"$"&6)+%)6)+S#"#.%

% /&2%$?&#,%6,12&*,?)3"&2)+%$,#$%;,)#12,#%#?&:"60%5&$,6$")+%)##&8")$"&6#%*,$:,,6%$,#$%

5,2'&2;)68,%)67%)02"81+$12,%#$)$1#%&2%5,#$"8"7,%,=5&#12,M%;1+$"3)2")*+,%+"6,)2%2,02,##"&6%

;&7,+#%:,2,%7,3,+&5,7%'&2%,)8?%&'%$?,%6,12&*,?)3"&2)+%$,#$#.%%4++%;&7,+#%2,$)"6,7%3)2")*+,#%

2,+)$,7%$&%$?,%8?"+7`#%)0,M%0,67,2%)67%;&$?,2`#%,718)$"&6M%2,0)27+,##%&'%#"06"'"8)68,.%%46%

,=$2)J#1;J&'%#d1)2,#%FJ$,#$%:)#%)0)"6%1#,7%$&%$,#$%'&2%5&$,6$")+%"6$,2)8$"&6#M%:?"8?%:,2,%

2,$)"6,7%"6%$?,%;&7,+%"'%#"06"'"8)6$%LCJ#"7,7%piG.@GO.%

% (?,%5&$,6$")+%"6$,2)8$"&6%*,$:,,6%$?,%61;*,2%&'%<4T#%7,$,8$,7%:"$?%)02"81+$12,%

#$)$1#%:)#%$,#$,7%$&%)##,##%:?,$?,2%4X%8?"+72,6%?)7%;&2,%5,#$"8"7,#%"6%$?,"2%12"6,M%0"3,6%

$?)$%?"0?,2%)3,2)0,%8&68,6$2)$"&6#%&'%5,#$"8"7,#%:,2,%&*#,23,7%"6%12"6,%&'%4X%8?"+72,6.%(?,%

5&$,6$")+%"6$,2)8$"&6#%*,$:,,6%$?,%61;*,2%&'%<4T#%7,$,8$,7%:"$?%)0,M%)67%0,67,2%:,2,%)+#&%

"68+17,7%$&%$,#$%:?,$?,2%)0,%)67Y&2%0,67,2%5+)S%)%2&+,%"6%)%8?"+7`#%)*"+"$S%;,$)*&+"V,%

5,#$"8"7,#.%B68+17"60%$?,#,%"6$,2)8$"&6#%:"++%?,+5%$&%167,2#$)67%$?,%2,+)$"&6#?"5%*,$:,,6%

$,#$%5,2'&2;)68,%)67%$?,%61;*,2%&'%<4T#%7,$,8$,7%;)S%*,%7"'',2,6$%'&2%*&S#%)67%0"2+#%)67%

)82&##%)0,%02&15#.%%
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Chapter 3: Results 

<,;&02)5?"8#%

% ()*+,%EJ@%52,#,6$#%$?,%7,;&02)5?"8%8?)2)8$,2"#$"8#%&'%#$17S%5)2$"8"5)6$#%*S%

)02"81+$12,%#$)$1#.%%(?,2,%:,2,%IQ%W&6J4X%8?"+72,6%)67%@CH%4X%8?"+72,6%"68+17,7%"6%$?"#%

)6)+S#"#.%%(?,%)0,%2)60,%&'%#$17S%5)2$"8"5)6$#%:)#%HJZ%S,)2#.%%(?,%;,)6%)0,%:)#%

)552&=";)$,+S%P%S,)2#%)67%:)#%#";"+)2%'&2%*&$?%W&6J4X%)67%4X%8?"+72,6.%%(?,%52&5&2$"&6#%

&'%;)+,#%)67%',;)+,#%:,2,%)+#&%#";"+)2%*,$:,,6%$?,%$:&%02&15#.%%]&:,3,2M%$?,%W&6J4X%

02&15%?)7%)%?"0?,2%52&5&2$"&6%&'%;)+,#%LPEeOM%2,+)$"3,%$&%$?,%)02"81+$12)+%02&15.%%(?,%;,)6%

61;*,2%&'%S,)2#%&'%;)$,26)+%)67%5)$,26)+%,718)$"&6%:)#%#"06"'"8)6$+S%7"'',2,6$%'&2%W&6J4X%

)67%4X%8?"+72,6.%%K6%)3,2)0,M%;)$,26)+%)67%5)$,26)+%,718)$"&6%:)#%?"0?,2%'&2%W&6J4X%

8?"+72,6%:?,6%8&;5)2,7%$&%4X%8?"+72,6.%%477"$"&6)++SM%$?,%;"6";1;%)67%;)=";1;%S,)2#%&'%

,718)$"&6%'&2%5)2,6$#%:,2,%?"0?,2%'&2%W&6J4X%8?"+72,6%:?,6%8&;5)2,7%$&%4X%8?"+72,6.%

Table 3-1.  Demographics for Non-agricultural (Non-AG) and Agricultural (AG) Children 
 Non-AG 

N=57 
AG 

N = 124 
p-value 

Age (years) 
Mean (#SD) 5.79 (1.54) 5.70 (1.85) 0.76* 
Minimum 4 4  
Maximum 9 9  
N 57 124  

Mother’s Education (years) 
Mean (#SD) 9.33 (3.20) 5.80 (3.30) < 0.01* 
Minimum 2 0  
Maximum 14 14  
N 57 123  

Father’s Education (years) 
Mean (#SD) 8.85 (3.48) 5.70 (3.41) <0.01* 
Minimum 1 0  
Maximum 14 12  
N 53 105  

Gender 
% Female (N) 37 % (21) 52 % (64) 0.23** 
% Male (N) 63 % (36) 48 % (60)  

* two-sided p-value calculated from test of means t-statistic     
* two-sided p-value calculated from test of proportions z-statistic *

%
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% (?"#%)6)+S#"#%"68+17,7%8?"+72,6%'2&;%'"3,%K2,0&6%8&16$",#A%]&&7%F"3,2M%U)89#&6M%

!"68&+6M%D1+$6&;)?M%)67%_)#?"60$&6.%%^S%7,#"06M%8?"+72,6%'2&;%!"68&+6%>&16$S%7"7%6&$%

8&;,%'2&;%4X%?&1#,?&+7#M%)67%:,2,%"6$,67,7%$&%#,23,%)#%)%2,',2,68,%02&15.%%%\)8?%&'%$?,%

&$?,2%'&12%8&16$",#%?&#$,7%)02"81+$12)+%"671#$2",#M%)67%$?,%52&5&2$"&6%&'%8?"+72,6%:?&#,%

5)2,6$#%:&29,7%"6%4X%2)60,7%'2&;%H@%$&%@GGe.%%()*+,%EJC%52,#,6$#%7,;&02)5?"8#%*S%

8&16$S.%%(?,%!"68&+6%>&16$S%#);5+,M%:?"8?%&6+S%"68+17,7%8?"+72,6%'2&;%W&6J4X%?&1#,?&+7#M%

?)7%$?,%?"0?,#$%+,3,+#%&'%;)$,26)+%)67%5)$,26)+%,718)$"&6.%%B6%8&;5)2"#&6M%_)#?"60$&6%

>&16$SM%:?"8?%&6+S%"68+17,7%8?"+72,6%'2&;%4X%?&1#,?&+7#M%?)7%$?,%+&:,#$%+,3,+#%&'%;)$,26)+%

)67%5)$,26)+%,718)$"&6.%%46&$?,2%16"d1,%7,;&02)5?"8%&'%!"68&+6%>&16$S%:)#%$?)$%#$17S%

5)2$"8"5)6$#%:,2,%52,7&;"6)6$+S%;)+,%LQGeOM%:?"+,%&$?,2%8&16$",#%:,2,%;&2,%,3,6+S%#5+"$%

:"$?%2,#5,8$%$&%0,67,2.%%%

Table 3-2.  Demographics by County 
 Hood River Jackson Lincoln Multnomah Washington 
Age (years) 

Mean (#SD) 5.84 (1.95) 4.53 (0.50) 5.2 (0.83) 7.67 (1.06) 5.73 (1.90) 
Minimum 4 4 4 5 4 
Maximum 9 5 6 9 9 
N 37 43 20 30 51 

Mother’s Education (years) 
Mean (#SD) 6.44 (3.24) 7.58 (3.57) 9.25 (3.18) 8.23 (3.51) 5.02 (3.35) 
Minimum 0 0 3 0 0 
Maximum 14 14 14 14 12 
N 36 43 20 30 51 

Father’s Education (years) 
Mean (#SD) 6.44 (2.61) 7.05 (4.08) 9.1 (3.21) 8.19 (4.19) 4.6 0(3.01) 
Minimum 1 0 3 0 0 
Maximum 11 14 14 14 11 
N 34 37 20 27 40 

Gender 
% Female (N) 57 % (21) 37 % (16) 30 % (6) 50 % (15) 53 % (27) 
% Male (N) 43 % (16) 63 % (27) 70 % (14) 50 % (15) 47 % (24) 

Agricultural Status 
Non-AG 5 % (2) 44 % (19) 100 % (20) 53 % (16) 0 % (1) 
AG 95 % (35) 56 % (24) 0 % (0) 47 % (14) 100 % (51) 
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c2"6,%46)+S#"#%

% (?"#%#$17S%"68+17,#%12"6,%#);5+,#%8&++,8$,7%)$%$?,%*,0"66"60%L(";,%@OM%;"77+,%L(";,%

CO%)67%,67%L(";,%EO%&'%$?,%02&:"60%#,)#&6.%%(?,%5125&#,%&'%$?"#%)6)+S#"#%:)#%$&%&*#,23,%$?,%

8?)60,%"6%<4T#%7,$,8$,7%"6%12"6,%&3,2%$?,%02&:"60%#,)#&6%)67%$&%#,+,8$%)%$";,%5,2"&7%$?)$%

2,52,#,6$,7%$?,%5,)9%,=5&#12,%&'%8?"+72,6%"6%#1*#,d1,6$%)6)+S#"#%&'%$?,%2,+)$"&6#?"5%$&%

6,12&*,?)3"&2)+%5,2'&2;)68,.%

Pesticide!Exposure!Over!Time!

% (?,%$:&%;,$2"8#%"68+17,7%"6%$?"#%)6)+S#"#%$&%;,)#12,%)81$,%+,3,+#%&'%5,#$"8"7,%

,=5&#12,%&3,2%$?,%02&:"60%#,)#&6%:,2,A%L@O%52&5&2$"&6%&'%<4T#%7,$,8$,7%)67%LCO%"67"3"71)+%

8&68,6$2)$"&6#%&'%<4T#%7,$,8$,7.%<&#,%&'%,=5&#12,%:)#%2,52,#,6$,7%*S%$?,%52&=S%

l52&5&2$"&6%&'%<4T#%7,$,8$,7Mm%:"$?%?"0?,2%52&5&2$"&6%2,52,#,6$"60%?"0?,2%7&#)0,.%

<12)$"&6%&'%,=5&#12,%:)#%2,52,#,6$,7%*S%$?,%52&=S%3)2")*+,%l)02"81+$12,%#$)$1#Mm%:"$?%4X%

8?"+72,6%2,52,#,6$"60%+&60J$,2;%,=5&#12,.%!

! F,#1+$#%'&2%$?,%61;*,2%&'%<4T#%7,$,8$,7%#?&:,7%7"'',2,68,#%*,$:,,6%W&6J4X%)67%

4X%8?"+72,6%L()*+,%EJE%)67%/"012,%EJ@O.%%(?,%7"'',2,68,%"6%$?,%61;*,2%&'%7,$,8$)*+,%

8&68,6$2)$"&6#%&'%<4T#%"6%12"6,%:)#%,=);"6,7%)82&##%$?,%$?2,,%$";,%5,2"&7#%'&2%W&6J4X%

)67%4X%8?"+72,6%#,5)2)$,+S.%%%(?,%61;*,2%&'%<4T#%7,$,8$,7%"6%12"6,%#);5+,#%:)#%?"0?,2%)$%

(";,%C%$?)6%(";,%@%'&2%;&#$%4X%8?"+72,6.%%(?,%2,3,2#,%:)#%&*#,23,7%"6%W&6J4X%8?"+72,6M%"6%

:?"8?%$?,%61;*,2%&'%<4T#%:)#%?"0?,2%)$%(";,%@%$?)6%(";,%C.%%(?,2,'&2,M%$?,%7"#$2"*1$"&6%&'%

$?,%8?)60,%"6%$?,%61;*,2%&'%<4T#%7,$,8$,7%*,$:,,6%(";,%@%)67%(";,%C%:)#%6&$%

#"06"'"8)6$+S%7"'',2,6$%*,$:,,6%$?,%$:&%02&15#%LXC%n%P.ECNM%7'nHM%p!n%G.@QPO.%%(?,%

7"#$2"*1$"&6%&'%$?,%8?)60,%"6%$?,%61;*,2%&'%<4T#%7,$,8$,7%*,$:,,6%(";,%C%)67%(";,%E%:)#%

#"06"'"8)6$+S%7"'',2,6$%*,$:,,6%$?,%$:&%02&15#%LXC%n%E@.PM%7'%n%HM%p%i%G.G@O.%%(?,%61;*,2%&'%

<4T#%)$%(";,%C%)67%(";,%E%:,2,%#";"+)2%'&2%;&#$%4X%8?"+72,6b%:?"+,M%;&#$%W&6J4X%8?"+72,6%
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?)7%)%',:,2%<4T#%7,$,8$,7%)$%(";,%E.%%40)"6M%$?,%7"#$2"*1$"&6%&'%$?,%61;*,2%&'%<4T#%

7,$,8$,7%:)#%#"06"'"8)6$+S%7"'',2,6$%*,$:,,6%$?,%$:&%02&15#%*,$:,,6%(";,%@%)67%(";,%E%LjC%

n%EG.QM%7'%n%HM%p%i%G.G@O%L()*+,%EJE%)67%/"012,%EJ@O.%%%

% (?,%;,7")6%61;*,2%&'%<4T#%7,$,8$,7%:)#%@%)$%)++%$?2,,%$";,%5&"6$#%'&2%4X%8?"+72,6.%%%

/&2%W&6J4X%8?"+72,6M%$?,%;,7")6%61;*,2%&'%<4T#%7,$,8$,7%:)#%)+#&%@%)$%(";,%@%)67%(";,%CM%

)67%G%)$%(";,%E.%%(?,%;,7")6%61;*,2%&'%<4T#%7,$,8$,7%:)#%+&:,#$%)$%(";,%C%'&2%*&$?%4X%

)67%W&6J4X%8?"+72,6.!

Table 3-3 Difference in the number of DAP metabolites detected in urine sample in Non-AG and AG 
children over Time 

 Chi Square Table of # DAPs 
 Decrease No Change Increase P-value 
T1 to T2 

Ag  35 (28 %) 37 (30 %) 51 (41 %)  
Non-Ag 24 (41 %) 14 (24 %) 20 (34 %) 0.176 

T2 to T3 
Ag  40 (32 %) 44 (36 %) 39 (33%)  
Non-Ag 39 (67 %) 13 (22 %) 6 (10 %) <0.01 

T1 to T3 
Ag  35 (29 %) 37 (31 %) 49 (41 %)  
Non-Ag 43 (46 %) 7 (8 %) 43 (46 %) <0.01 
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Figure!3"1.!!Difference!in!distribution!of!the!change!in!the!number!of!DAPs!Detected!Between!Time!Points!for!Non"
AG!and!AG!children!
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% (?,%#,8&67%;,)#12,%1#,7%$&%&*#,23,%$,;5&2)+%$2,67#%:)#%$?,%"67"3"71)+%

8&68,6$2)$"&6%&'%$?,%'"3,%<4T#%;,)#12,7%"6%12"6,%#);5+,#.%%F,#1+$#%52,#,6$,7%'&2%$?"#%

8&;5&6,6$%&'%$?,%)6)+S#"#%:,2,%)7[1#$,7%'&2%82,)$"6"6,%+,3,+#%;,)#12,7%"6%$?,%12"6,%)$%$?,%

$";,%&'%$?,%#);5+,%)67%2,5&2$,7%"6%;"82&02);%5,2%02);%&'%82,)$"6"6,%L!0Y0%82,)$"6"6,O.%%

>?"+72,6%:"$?%82,)$"6"6,%+,3,+#%iI$?%5,28,6$"+,%)67%gZI$?%5,28,6$"+,%:,2,%6&$%2,5&2$,7%71,%$&%

8&68,26#%&'%?S72)$"&6%#$)$,%)67%;,$)*&+"8%7"#&27,2#%L!&:,:,6?,2V%,$%)+.M%@ZZQb%!1%,$%)+.M%

CGG@O.%%()*+,%EJH%52,#,6$#%$?,%82,)$"6"6,%81$%5&"6$#%)67%$?,%61;*,2%&'%#);5+,#%,=8+17,7%

'2&;%$?"#%)6)+S#"#.%%W&$,%$?)$%$?,%#);5+,%#"V,%3)2",7%*,$:,,6%$?,%$?2,,%$";,%5&"6$#M%)67%

(";,%E%&6+S%"68+17,7%@GZ%8?"+72,6%*,8)1#,%12"6,%#);5+,#%:,2,%6&$%8&++,8$,7%'2&;%8?"+72,6%

"6%U)89#&6%>&16$S%)$%(";,%E.%

Table 3-4.  Creatinine distribution by Time 
Time 5th percentile  

(N < 5th percentile) 
95th percentile 

(N > 95th percentile) 
1 21.5 (8) 155 (8) 
2  21 (7) 140 (7) 
3 23.5 (6) 160 (5) 

% ()*+,%EJI%)67%/"012,%EJ@%52,#,6$%$?,%0,&;,$2"8%;,)6#%'&2%,)8?%<4T%)$%,)8?%$";,%

5&"6$.%%<D(T%:)#%$?,%;&#$%'2,d1,6$+S%7,$,8$,7%;,$)*&+"$,%)$%,)8?%&'%$?,%$?2,,%$";,%5&"6$#b%

<\T%:)#%$?,%+,)#$%'2,d1,6$+S%7,$,8$,7%;,$)*&+"$,%)$%)++%$?2,,%$";,%5&"6$#.%%_"$?%$?,%

,=8,5$"&6%&'%<D(TM%$?,%?"0?,#$%0,&;,$2"8%;,)6%:)#%&*#,23,7%)$%(";,%C%'&2%*&$?%W&6J4X%

)67%4X%8?"+72,6.%%>&68,6$2)$"&6#%&'%<D(T%)55,)2,7%$&%7,82,)#,%&3,2%$?,%02&:"60%#,)#&6M%

:"$?%$?,%?"0?,#$%)3,2)0,%8&68,6$2)$"&6%&*#,23,7%)$%(";,%@%)67%$?,%+&:,#$%)3,2)0,%

8&68,6$2)$"&6%&*#,23,7%)$%(";,%E.%%(?,%5J3)+1,%8&;5)2"#&6%52,#,6$,7%&6%$?,%2"0?$%#"7,%&'%

()*+,%EJI%"67"8)$,#%:?,$?,2%&2%6&$%$?,2,%:)#%)%#$)$"#$"8)++S%#"06"'"8)6$%7"'',2,68,%*,$:,,6%

$?,%$:&%$";,%5&"6$#.%%X,6,2)+%8?)60,#%"6%82,)$"6"6,J)7[1#$,7%<4T%8&68,6$2)$"&6#%)82&##%$?,%

02&:"60%#,)#&6%:,2,%6&$%#$)$"#$"8)++S%#"06"'"8)6$%LpgG.GIO.%
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% _"$?%$?,%,=8,5$"&6%&'%<\(TM%$?,%0,&;,$2"8%;,)6#%'&2%$?,%<4T%;,$)*&+"$,#%:,2,%

?"0?,2%'&2%4X%8?"+72,6%$?)6%W&6J4X%8?"+72,6.%%(?,%+)20,#$%7"'',2,68,%"6%)3,2)0,%

8&68,6$2)$"&6#%*,$:,,6%$?,%$:&%02&15#%:)#%&*#,23,7%)$%(";,%C%'&2%<DT%8&68,6$2)$"&6#%

?"0?,2%$?)6%6&6J)02"81+$12,%8?"+72,6%*S%C.ZQ%!0Y0%82,)$"6"6,.%%(?,%)3,2)0,%<\(T%

8&68,6$2)$"&6%:)#%?"0?,2%'&2%W&6J4X%8?"+72,6%)$%(";,%C%$?)6%4X%8?"+72,6%*S%)%#;)++%

);&16$%LG.EE%!0Y0%82,)$"6"6,O.%

Table 3-5.  Creatinine-corrected DAP metabolite levels (!g/g creatinine) in urine samples of Non-AG 
and AG children over time 

 
Geometric Mean (95% CI) p-value† comparison  

of DAP levels 
 T1 

N=114 
T2 

N=150 
T3 

N=109 
T1-T2 T2-T3 T1-T3 

DMP 
Non-AG 4.65 (3.54, 6.10) 4.00 (3.15, 5.07) 5.25 (3.67, 7.50) 0.130 0.152  0.230 

AG  5.13 (4.19, 6.29) 6.97 (5.55, 8.76) 5.41 (4.19, 7.00) 0.273 0.280 0.134  

Non-AG + AG 4.98 (4.23, 5.86) 5.92 (4.95, 7.08) 5.37 (4.36, 6.61) 0.679 0.586 0.066  

DMTP 
Non-AG 6.24 (3.97, 9.80) 4.86 (2.80, 8.43) 4.77 (2.58, 8.83) 0.359 0.788 0.283 

AG  8.87 (6.36, 12.38) 7.08 (5.27, 9.50) 6.80 (4.70-9.83) 0.193  0.941 0.540 

Non-AG + AG 7.97 (6.10, 10.41) 6.34 (4.88, 8.23) 6.19 (4.53-8.46) 0.109  
(-1.16) 

0.939 0.288 

DMDTP 
Non-AG 1.65 (1.17, 2.32) 1.74 (1.25, 2.42) 2.25 (1.45, 3.49) 0.636 0.081  

(-1.22) 
0.285 

AG  2.07 (1.62, 2.64) 3.45 (2.63, 4.53) 2.16 (1.59, 2.93) 0.062  
(1.18) 

0.04  
(1.24) 

0.979 

Non-AG + AG 1.93 (1.58, 2.35) 2.83 (2.27, 3.52) 2.18 (1.70, 2.80) 0.064  
(1.15) 

0.163  0.617 

DEP 
Non-AG 1.22 (1.06, 1.40) 1.57 (1.30, 1.90) 2.00 (1.45, 2.76) 0.003  

(1.11) 
0.279 0.09  

AG  1.77 (1.53, 2.04) 2.09 (1.78, 2.44) 2.03 (1.63, 2.53) 0.35 0.362 0.853 

Non-AG + AG 1.58 (1.41, 1.76) 1.92 (1.69, 2.17) 2.02 (1.69, 2.42) 0.081  
(1.06) 

0.694 0.578 

DETP        
Non-AG 1.23 (0.96, 1.58) 2.31 (1.47, 3.62) 1.71 (1.19, 2.48) 0.019  

(1.36) 
0.793 0.882 

AG  1.97 (1.58, 2.47) 1.98 (1.56, 2.53) 1.80 (1.40, 2.30) 0.439 0.718 0.625 

Non-AG + AG 1.71 (1.44, 2.03) 2.07 (1.67, 2.57) 1.77 (1.45, 2.18) 0.500 0.653 0.717 
1 Age 6-11, no data because geometric mean not calculated when the proportion of detects was high (CDC, 2005). 
*Excluded children with creatinine levels < 5th and > 95th percentile  
† If p-value is significant (P<0.10), then the beta coefficient is listed in parenthesis 
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igure 3-2.  Geometric mean DAP metabolite concentration over time 

Relationship!Between!Agriculture!Status!and!Pesticide!Exposure!at!Time!2!

% ^)#,7%&6%12"6,%#);5+,%2,#1+$#M%(";,%C%:)#%#,+,8$,7%'&2%#1*#,d1,6$%)6)+S#"#.%%(?,%

2)$"&6)+,%'&2%#,+,8$"60%(";,%C%"68+17,7%$?,%'&++&:"60A!

" (?,%,#$";)$,7%52&5&2$"&6%&'%<4T#%7,$,8$,7%:)#%#"06"'"8)6$+S%7"'',2,6$%*,$:,,6%$?,%

$:&%02&15#%)$%(";,%C%

" %(";,%C%'&2%;&#$%<4T#b%)67%%(?,%?"0?,#$%0,&;,$2"8%;,)6#%:,2,%&*#,23,7%)$

" (?,%+)20,#$%#);5+,%#"V,%:)#%&*$)"6,7%)$%(";,%C%

% ()*+,%EJP%52,#,6$#%)%#$)$"#$"8)+%#1;;)2S%&'%<4T%8&68,6$2)$"&6#%"6%12"6,%#);5+,#%

;,)#12,7%)$%(";,%C.%%(?,%5,28,6$%&'%#);5+,#%*,+&:%+";"$#%&'%7,$,8$"&6%L6&6J7,$,8$mO%:)#%

?"0?,2%'&2%6&6J)02"81+$12,%8?"+72,6%$?)6%)02"81+$12,%8?"+72,6%'&2%)++%<4T%;,$)*&+"$,#M%,=8,5$%
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<\(T.%%W)$"&6)+%0,&;,$2"8%;,)6#%:,2,%)3)"+)*+,%'&2%8&;5)2"#&6#%"63&+3"60%<D(TM%<\TM%)67%

<\(T.%%(?,%K2,0&6%#);5+,%&'%8?"+72,6%)#%)%:?&+,%2,3,)+,7%?"0?,2%0,&;,$2"8%;,)6%

8&68,6$2)$"&6#%&'%<4T%;,$)*&+"$,#%:?,6%8&;5)2,7%$&%$?,%6)$"&6)+%)3,2)0,%L><>M%CGGIO.%%

(?,%W&6J4X%0,&;,$2"8%;,)6%:)#%#+"0?$+S%?"0?,2%)67%$?,%4X%0,&;,$2"8%;,)6%:)#%

#"06"'"8)6$+S%?"0?,2%$?)6%$?,%W]4W\R%,#$";)$,#%'&2%<D(T%)67%<\(T.%%B$%#?&1+7%*,%

2,8&06"V,7%$?)$%$?,%,+,3)$,7%8&68,6$2)$"&6#%&*#,23,7%"6%&12%)6)+S#"#%&'%12"6,%#);5+,#%'2&;%

K2,0&6%8?"+72,6%;"0?$%*,%)6%)2$"')8$%&'%$?,%?"0?%52&5&2$"&6%&'%6&6J7,$,8$#%"6%&12%#);5+,%

)67%$?,%?"0?%!K<#.%%4%3)+1,%&'%&6,J?)+'%$?,%!K<%:)#%#1*#$"$1$,7%'&2%6&6J7,$,8$#%:)#%1#,7%"6%

0,&;,$2"8%;,)6%8)+81+)$"&6#.%

Table 3-6.  DAP metabolite levels (!g/g creatinine) in urine samples of Non-AG and AG children at 
Time 2%

 Non- 
Detected 

(%) 

Median Min Max Geometric Mean 
[95% CI] 

NHANES1 
Geometric mean 

[95% CI] 
DMP 

Non-AG 80 % 3.28 1.67 72.86 4.00 [3.15, 5.07]  
AG  59 % 4.66 1.43 97.89 6.97 [5.55, 8.76]  

Non-AG + AG 65 % 4.00 1.43 97.89 5.92 [4.95, 7.08] No data 
DMTP 

Non-AG 67 % 2.06 0.92 535.21 4.86 [2.80, 8.43]  
AG  45 % 6.61  0.79 452.3 7.08 [5.27, 9.50]  

Non-AG + AG 51% 4.15 0.79 535.21 6.34 [4.88, 8.23] 2.95 [2.25, 3.86] 
DMDTP 

Non-AG 84 % 1.14 0.57 63.6 1.74 [1.25, 2.42]  
AG  61 % 1.98 0.57 100 3.45 [2.63, 4.53]  

Non-AG + AG 68 % 1.60 0.57 100 2.83 [2.27, 3.52] No data 
DEP 

Non-AG 95 % 1.35 0.71 13.1 1.57 [1.30, 1.90]  
AG  89 % 1.75 0.71 54.55 2.09 [1.78, 2.44]  

Non-AG + AG 91 % 1.51 0.71 13.1 1.92 [1.69, 2.17] 1.43 [0.87, 2.34] 
DETP 

Non-AG 79 % 1.25 0.57 243 2.31 [1.47, 3.62]  
AG  84 % 1.37 0.57 909 1.98 [1.56, 2.53]  

Non-AG + AG 83 % 1.36 0.57 909 2.07 [1.67, 2.57] 0.59 [0.47, 0.74] 
1 Age 6-11, no data because geometric mean not calculated when the proportion of non-detects was > 60% (CDC, 2005). 
* hildren with creatinine levels < 5Exclude c th and > 95th percentile  

% D1+$"3)2")*+,%+"6,)2%2,02,##"&6%)6)+S#"#%&'%8&68,6$2)$"&6#%&'%"67"3"71)+%<4T%

;,$)*&+"$,#%7"7%6&$%7,;&6#$2)$,%)6%)##&8")$"&6%:"$?%)02"81+$12,%#$)$1#%)67%$?,%12"6,%

#);5+,%8&68,6$2)$"&6#%&'%<DTM%<D<(TM%<\TM%&2%<\(TM%)'$,2%)7[1#$"60%'&2%)0,M%0,67,2%)67%

;)$,26)+%,718)$"&6%L455,67"=%4O.%%%
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% D1+$"3)2")*+,%+&0"#$"8%2,02,##"&6%)6)+S#"#%&'%$?,%52&5&2$"&6%&'%<4T#%7,$,8$,7%"6%

12"6,%#);5+,#%52,#,6$,7%#"06"'"8)6$%'"67"60#%L()*+,%EJQO.%%(?"#%;&7,+%7,;&6#$2)$,7%$?)$%4X%

8?"+72,6%:,2,%$:"8,%)#%+"9,+S%$&%?)3,%)%02,)$,2%61;*,2%&'%<4T#%7,$,8$,7%"6%$?,"2%12"6,.%%W&%

"6$,2)8$"&6#%:,2,%#"06"'"8)6$%"6%$?,%;&7,+%L!"9,+"?&&7%F)$"&%(,#$%XC%nE.GZM%7'nEM%p%n%G.ENO.%%

>&16$S%:)#%)%#"06"'"8)6$%3)2")*+,%"6%$?,%;&7,+%L!"9,+"?&&7%F)$"&%(,#$%XC%nZ.ZGM%7'nHM%p%n%

G.GHO.%%(?,%;&7,+%2,#1+$#%'&2%8&16$S%:,2,%6&$%,=5,8$,7M%2,3,)+"60%$?)$%8?"+72,6%2,#"7"60%"6%

$?,%)02"81+$12)+%8&16$",#%:,2,%+,##%+"9,+S%$&%?)3,%;&2,%<4T#%7,$,8$,7%"6%$?,"2%12"6,%2,+)$"3,%

$&%$?,%W&6J4X%8?"+72,6%"6%!"68&+6%>&16$S.%

Table 3-7.  Relationship between the proportion of DAP metabolites detected and agricultural status 
adjusted for gender, age, maternal education and county  

 $ (SE) OR [95% CI] p-value 
Agricultural Status 
Non-Ag Reference   
Ag 2.40 (0.56) 1.97 [1.13, 3.44] 0.02 

Gender 
Male Reference   
Female -2.02 (0.12) 0.70 [0.50,0.99] 0.04 

Age group 
<6 years Reference   
!6yrs -0.46 (0.20) 0.90 [0.58, 1.39] 0.65 

Maternal education 
<9 yrs Reference   
9-12 yrs 0.47 (0.25) 1.11 [0.71, 1.74] 0.64 
>12 yrs -2.08 (0.15) 0.57 [0.33, 0.97] 0.04 

County 
Hood River Reference   
Jackson 1.89 (0.47) 1.69 [0.98, 2.91] 0.06 
Lincoln 1.59 (0.82) 1.95 [0.86, 4.46] 0.11 
Multnomah -1.37 (0.22) 0.61 [0.30, 1.24] 0.17 
Washington -0.33 (0.22) 0.92 [0.58. 1.48] 0.74 

  
  

% ()*+,%EJN%#?&:#%$?)$%$?,%,#$";)$,7%52&5&2$"&6%&'%5,#$"8"7,%;,$)*&+"$,#%*S%8&16$S%

$,67,7%$&%*,%?"0?,2%'&2%4X%8?"+72,6.%%K12%#);5+,M%*S%7,#"06M%7&,#%6&$%"68+17,%4X%8?"+72,6%"6%

!"68&+6%>&16$SM%)67%&6+S%&6,%W&6J4X%8?"+7%"6%_)#?"60$&6%>&16$Sb%$?,2,'&2,M%&77#%2)$"&#%

8&1+7%6&$%*,%8)+81+)$,7%'&2%$?,#,%$:&%8&16$",#.%%4X%8?"+72,6%"6%U)89#&6%>&16$S%)2,%;&2,%$?)6%

$:"8,%)#%+"9,+S%$&%?)3,%;&2,%<4T#%7,$,8$,7%"6%12"6,M%$?)6%W&6J4X%8?"+72,6%"6%U)89#&6%

>&16$S%LpiG.G@O.%% 
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Table 3-8.  Estimated Proportion (95%CI) of DAP metabolites detected in urine of Non-AG and AG 
children by county at Time 2%

 Est.  Proportion (n) [95% CI] 
 Non-Ag Ag 

OR p-value  

Hood River 0.20 (1) [0.28, 0.68] 0.28 (31) [0.20, 0.33] 1.54 0.71 
Lincoln 0.28 (16) [0.18, 0.36] -- (0) [--] -- -- 
Jackson  0.24 (18) [0.16, 0.33] 0.42 (21) [0.32, 0.50] 2.23 0.01 
Multnomah 0.08 (8) [0.03, 0.19] 0.20 (12) [0.12, 0.32] 3.08 0.10 
Washington 0.00 (1) [--] 0.27 (42) [0.21, 0.32] -- -- 

Note:  
-- = inadequate sample size to calculate value 
 
% ()*+,%EJZ%52,#,6$#%$?,%;1+$"3)2")*+,%2,02,##"&6%2,#1+$#%:"$?&1$%8&16$S%)67%

7,;&6#$2)$,%$?)$%4X%8?"+72,6%7"7%6&$%?)3,%#"06"'"8)6$+S%;&2,%<4T#%7,$,8$,7%"6%$?,"2%12"6,%

Lp%n%G.@EO.%

Table 3-9.  Relationship between the number of DAP metabolites detected and agricultural status 
adjusted for gender, age, maternal education  

 $ (SE) OR [95% CI] p-value 
Agricultural Status 

Non-Ag Reference   
Ag 1.50 (0.28) 1.36 [0.91, 2.04] 0.13 

Gender 
Male Reference   
Female -2.61 (0.11) 0.64 [0.46, 0.90] 0.01 

Age group 
<6 years Reference   
!6yrs -2.47 (0.11) 0.64 [0.45, 0.91] 0.01 

Maternal education 
<9 yrs Reference   
9-12 yrs 0.90 (0.26) 1.22 [0.79, 1.86 0.37 
>12 yrs -2.19 (0.15) 0.56 [0.33, 0.94] 0.03 

  
  
%

W,12&*,?)3"&2)+%(,#$%R$)$"#$"8)+%46)+S#"#%

% R1;;)2S%#$)$"#$"8#%'&2%(";,%C%&'%$?,%6,12&*,?)3"&2)+%7)$)%)2,%52,#,6$,7%"6%()*+,%EJ

@G.%%K6%)3,2)0,M%W&6J4X%8?"+72,6%5,2'&2;,7%*,$$,2%$?)6%4X%8?"+72,6%&6%D)$8?J$&JR);5+,M%

/"60,2%()55"60M%<"3"7,7%4$$,6$"&6%_&27#Y!)601)0,M%K*[,8$%D,;&2SM%T1271,%T,0*&)27%)67%

f"#1)+%D&$&2%B6$,02)$"&6%$,#$#.%%K6%)3,2)0,M%W&6J4X%)67%4X%8?"+72,6%5,2'&2;,7%#";"+)2+S%&6%

<"0"$%R5)6%)67%K*[,8$%D,;&2S.%%4X%8?"+72,6%5,2'&2;,7%*,$$,2%$?)6%W&6J4X%8?"+72,6%&6%

&6$"61&1#%T,2'&2;)68,%]"$#%D,)#12,#.%>

%
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Table 3-10.  Summary Statistics for Neurobehavioral Test Results of Non-AG and Ag children at 
Time 2%

Non-AG AG NB Test (possible score range) 
Mean # SD Median Min Max Mean # SD Median Min Max 

Digit Span (0-9) 4 (0.89) 4 3 6 4 (0.92) 4 3 6 
Match-to-Sample  

Number correct (0-45) 10 (3) 11 4 15 10 (3.6) 10 1 15 
Latency* (>100 – 10,000 msec) 4905 (1543) 4736 2164 9318 5311 (2002) 4956 2659 12083 

Finger Tapping 
Number of taps right 57 (15) 57.5 34 98 56 (15) 53 28 100 
Number of taps left 49 (11) 49 29 77 48 (13) 45 24 88 

Continuous Performance 
Hits 24 (6) 25.5 3 30 25(5) 26 1 30 
Misses* 6 (6) 4.5 0 26 5 (5) 3 0 19 
Percent of false alarms* 5 (3) 5 0 14 4 (4) 2 0 17 
Latency* 557 (133) 561 291 887 585 (153) 599 248 994 
Percent of corrected hits 79 (20) 85 10 98 83 (16) 90 34 98 
Percent of corrected false alarms* 12 (7) 11 1 31 8 (9) 4 1 38 
d prime 2.2 (0.92) 2.27 0.58 4.4 2.7 (1) 2.8 0.11 4.4 

Divided Attention Words/Language 
    Right hand taps  48 (13) 48 17 75 46 (12) 44 21 76 
    Left hand taps  43 (11) 43 24 63 39 (10) 37.5 15 67 
    Right hand song 34 (14) 30 13 68 31 (12) 29 12 72 
    Left hand song 33 (12) 33 9 57 32 (11) 30 9 63 
    Right hand (0-60) 0.78 (0.20) 0.816 0.11 1.2 0.79 (0.20) 0.759 0.33 1.26 
    Left hand (0-60) 0.82 (0.23) 0.85 0.19 1.26 0.82 (0.21) 0.812 0.30 1.48 
    Control (0-60) 0.95 (0.29) 1 0.34 1 0.96 (0.20) 0.93 0.47 1.63 
Symbol-digit 
     Latency* (>100 - ~15,000 msec) 4857 (1553) 4229 3198 8979 4411 (1429) 4323.5 2137 7873 
     Errors* (0-45) 3.6 (1.9) 3 1 7 2 (2) 2 0 8 
Object Memory 

Number of items named (0-18) 15 (1.7) 15 7 16 15 (1.5) 15 9 16 
Immediate recall (0-18) 7 (2) 7 3 11 8 (2) 8 2 12 
Delayed recall (0-18) 6.2 (2.4) 7 1 11 6 (2.8) 6 0 11 
Recognition (0-18) 14 (3.8) 16 3 16 14 (4) 16 -1 16 

Purdue Pegboard 
Number of pegs right (0-25) 11 (3) 11.5 5 17 11 (3) 10.5 6 18 
Number of pegs left (0-25) 10 (2) 7.5 7 17 10 (3) 7 5 17 
Number of pegs both (0-25) 7 (2) 9.5 5 13 8 (3) 9.25 15 13 

Visual Motor Integration (0-18) 11 (3.5) 12 5 17 11 (3) 10 2 18 
Notes: * Lower score indicates better performance 



Neurobehavioral!Test!Completion!Results!
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Table 3-11.  Relationship between the proportion of neurobehavioral tests completed out of nine 
tests and agriculture status, adjusted for gender, age, and maternal education  

 $ (SE) OR [95% CI] p-value 
Agricultural Status 

Non-Ag Reference   
Ag 0.07 (0.17) 1.07 [0.77, 1.49] 0.70 

Gender 
Male Reference   
Female -0.01 (0.15) 0.99 [0.74, 1.32] 0.93 

Age group 
<6 years Reference   
!6yrs 2.03 (0.22) 7.61 [4.91, 11.81] 0.00 

Maternal education 
<9 yrs Reference   
9-12 yrs -0.06 (0.19) 0.94 [0.64, 1.38] 0.76 
>12 yrs -0.11 (0.20) 0.89 [0.61, 1.32] 0.57 

 
  
 

Overall!Neurobehavioral!Test!Performance!Results!
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Table 3-12.  Relationship between the overall neurobehavioral tests performance and agriculture 
status, adjusted for gender, age, and maternal education  

 $ (SE) [95% CI] p-value 
Agricultural Status 
Non-Ag Reference   
Ag -0.33 (0.56) [-1.44, 0.78] 0.56 

Gender 
Male Reference   
Female -1.25 (0.47) [-2.19, -0.32] 0.01 

Age group 
<6 years Reference   
!6yrs 7.22 (0.48) [6.27, 8.18] 0.00 

Maternal education 
<9 yrs Reference   
9-12 yrs 0.34 (0.62) [-0.88, 1.55] 0.59 
>12 yrs 0.46 (0.71) [-0.94, 1.86] 0.52 

%

Individual!Neurobehavioral!Test!Performance!Results!
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Table 3-13.  Neurobehavioral test performance model comparison 
 

N 

Baseline Model 
Adj.  R2  (%) 

 
[4 df] 

Full Model Adj.  
R2 (%)  

 
[9 df] 

Is Agricultural 
Status 

significant?* 
(2 df F-test p-

value) 

Is # of DAPs 
detected 

significant?** 
(4 df F-test p-

value) 
Digit Span  133 37.71 % 37.04% No (0.30) No (0.46) 
Match-to-Sample  

Number correct  145 31.15% 30.54% No (0.53) No (0.45) 
Latency  145 19.14% 19.16% No (0.42) No (0.55) 

Finger Tapping      
Number of taps right 159 45.03% 45.39% No (0.78) No (0.21) 
Number of taps left 160 44.14% 48.09% No (0.85) Yes (0.00) 

Continuous Performance Hits 
Hits 122 -0.56% 2.06% Yes (0.02) Yes (0.15) 
Misses 122 -0.28% 2.56% Yes (0.02) Yes (0.15) 
Percent of false alarms 122 11.10% 9.82% No (0.27) No (0.94) 
Latency 122 31.15% 29.82% No (0.79) No (0.67) 
Percent of corrected hits 122 -0.43% 2.45% Yes (0.02) Yes (0.14) 
Percent of corrected false alarms 122 10.80 % 9.56 % No (0.27) No (0.94) 
Continuous Performance Hits d 
prime 

122 3.37 % 5.00 % Yes (0.05) No (0.70) 

Divided Attention Words/Language 
    Right hand taps  142 33.10 % 36.38 % No (0.78) Yes (0.020) 
    Left hand taps  143 33.62 % 39.67 % Yes (0.09) Yes (0.00) 
    Right hand song 142 13.56 % 12.68 % No (0.64) No (0.52) 
    Left hand song 143 29.05 % 29.21 % No (0.57) No (0.28) 
    Right hand  142 -0.64 % -1.33 % No (0.77) No (0.41) 
    Left hand  143 0.22 % -0.26 % No (0.59) No (0.38) 
    Control  142 1.92 % -0.17 % No (0.44) No (0.76) 
Symbol-digit 
     Latency  51 -2.53 % 1.95 % No (0.51) No (0.28) 
     Errors  51 -1.00 % 3.93 % No (0.15) No (0.45) 
Object Memory 

Number of items named  158 15.11 % 14.87 % No (0.18) No (0.34) 
Immediate recall   158 18.58 % 18.45 % Yes (0.11) No (0.99) 
Delayed recall  158 5.99 % 2.91 % No (0.98) No (0.99) 
Recognition  143 6.15 % 8.41 % No (0.71) Yes (0.10) 

Purdue Pegboard 
Number of pegs right  157 57.03 % 58.41 % Yes (0.10) Yes (0.06) 
Number of pegs left  154 50.84 % 52.66 % No (0.39) Yes (0.04) 
Number of pegs both  151 50.85 % 52.45  % No (0.23) Yes (0.08) 

Visual Motor Integration  162 44.85 % 46.38 % No (0.23) Yes (0.13) 
Notes: 
Baseline Model includes age group [df = 1], maternal education group [df = 2], gender [df = 1] 
Full Model includes age group [df = 1], maternal education group [df = 2], gender [df = 1], agriculture status [df = 1], number of DAPs 
detected [df = 1], and 3 interactions (agriculture status x number of DAPs detected [df = 1]; age group x number of DAPs detected 
[df = 1]; and gender x number of DAPs detected [df = 1]) 
Shading indicates agriculture and/or # of DAPs detected is statistically significant (P < 0.15) 
* Simultaneous F-test agriculture status and agriculture status x number of DAPs detected 
** Simultaneous F-Test number of DAPs detected, agriculture status x number of DAPs detected, age group x number of DAPs 
detected, and gender x number of DAPs detected 
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Table 3-14.  Neurobehavioral test associated with pesticide exposure 

 Baseline Model [4 df]  Full Model 
 

N 
Adj.  R2 

 (%) 

Age 
Group
[1 df] 

 
Mother

Ed 
Group
[2 df] 

Sex 
[1 df] 

AG  
Status
[1 df] 

# DAPs 
[1 df] 

AG 
Status 

x  
# DAPs 

[1 df] 

# DAPs 
x  

Age 
Group 
[1 df] 

# DAPs 
x  

Sex 
[1 df] 

Finger Tapping 
Number of taps left 160 49 % • • •  •  • • 

Continuous Performance Hits 
Hits 122 4 % • • • • • •   
Misses 122 4 % • • • • • •   
Percent of corrected hits 122 4 % • • • • • •   

Divided Attention Words/Language 
    Right hand taps  142 38 %  •  •  •  •    
    Left hand taps  143 40 %  •  •  •  •  •    • 
Object Memory 

Immediate recall  158 20 %  •  •  •  •     
Recognition  143 10 %  •  •  •    •    • 

Purdue Pegboard 
Number of pegs right  157 58 % • • • • • •   
Number of pegs left  154 52 %  • • •  •    
Number of pegs both  151 52 %  • • •  •    

Visual Motor Integration  162 46%  • • •  •    
•
S
B

 = Variable included in the model 

%
haded cells indicates variable significant in the model (P<0.05) 
lank cells variable not included in the model (1 df F-test, P<0.10) 
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igure 3-3.  Finger Tapping Number of Taps Left: Schematic depiction of interaction between gender and 
umber of DAPs detected in urine samples for boys and girls 
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Figure 3-4.  Continuous Performance Hits: schematic depiction of interaction between agriculture status and 
the # of DAPs detected 
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Figure 3-5.  Continuous Performance Misses: Schematic depiction of interaction between agriculture status 
and the # of DAPs detected 
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Figure 3-6.  Divided Attention Words/Language Left Hand Taps: Schematic depiction of interaction between 
gender and number of DAPs detected in urine samples for boys and girls 
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!
!
!
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Figure 3-7.  Object Memory Recognition: Schematic depiction of interaction between gender and number of 
DAPs detected in urine samples for boys and girls 
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Chapter 4: Discussion!
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)+.M%CGGGO.%

% (?"#%7"'',2,68,%"6%7,$,8$)*+,%<4T%;,$)*&+"$,#%*,$:,,6%$?,%$:&%02&15#%;)S%*,%)%

2,'+,8$"&6%&'%$?,%)77"$"&6)+%5,#$"8"7,%,=5&#12,%,=5,2",68,7%*S%)02"81+$12)+%8&;;16"$",#.%%

/&2%#&;,%<4T%;,$)*&+"$,#%$?,%?"0?,#$%;,)6%8&68,6$2)$"&6#%:,2,%&*#,23,7%)$%$?,%;"77+,%&'%

$?,%02&:"60%#,)#&6.%%(?"#%5)$$,26%&*#,23,7%"6%$?,%12"6)2S%*"&;)29,2#%)55,)2#%$&%;)$8?%$?,%

5)$$,26#%&'%1#,%"6%$?,%8&;;16"$S.%%4$%$?,%*,0"66"60%&'%$?,%02&:"60%#,)#&6M%5,#$"8"7,%
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2,#"71,#%*,0"6%$&%*,%$2)6#',22,7%'2&;%$?,%5)2,6$`#%:&29%,63"2&6;,6$%$&%$?,%?&;,%

,63"2&6;,6$.%%<4T%;,$)*&+"$,#%:,2,%7,$,8$,7%)$%?"0?,2%8&68,6$2)$"&6#%"6%$?,%4X%8?"+72,6%

$?)6%W&6J4X%8?"+72,6%)$%$?,%*,0"66"60%&'%$?,%#,)#&6.%%^,8)1#,%$?,%5&51+)$"&6%167,2%#$17S%"#%

;"02)$&2SM%5)2,6$#%;)S%?)3,%)+2,)7S%*,,6%:&29"60%"6%)02"81+$12,%)2,)#%"6%>)+"'&26")%)67%

8?"+72,6%;)S%?)3,%2,8,"3,7%8)22S%?&;,%,=5&#12,#%52"&2%$&%8&;"60%$&%K2,0&6.%%4#%$?,%

02&:"60%#,)#&6%52&02,##,#M%5,#$"8"7,%2,#"71,#%;)S%)881;1+)$,%"6%$?,%?&;,.%%4#%)%2,#1+$M%

?"0?,2%8&68,6$2)$"&6#%:,2,%&*#,23,7%"6%$?,%;"77+,%&'%$?,%#,)#&6.%%(&:)27%$?,%,67%&'%$?,%

#,)#&6M%5)2,6$`#%:&29+&)7%;)S%$)5,2%&''M%)67%;)S%2,#1+$%"6%',:,2%5,#$"8"7,%2,#"71,#%

$2)6#',22,7%'2&;%$?,%'",+7#%$&%$?,%?&;,%,63"2&6;,6$.%%(&:)27%$?,%,67%&'%$?,%#,)#&6M%)#%

?)23,#$%$";,%6,)2#M%KT%5,#$"8"7,%)55+"8)$"&6%;)S%6&%+&60,2%*,%6,,7,7%$&%8&6$2&+%'&2%"6#,8$%

7);)0,%"6%82&5#M%)#%)%2,#1+$#%:&29,2#%)2,%,=5&#,7%$&%',:,2%5,#$"8"7,#%)67%',:,2%5,#$"8"7,%

2,#"71,#%)2,%$2)6#',22,7%'2&;%$?,%'",+7%$&%$?,%?&;,%,63"2&6;,6$.%%477"$"&6)++SM%KT%5,#$"8"7,%

2,#"71,#%7,02)7,%&3,2%$";,%71,%$&%;&"#$12,M%#16+"0?$M%)67%;"82&*")+%)8$"3"$S.%

% K6,%16,=5,8$,7%'"67"60%"6%$?"#%)6)+S#"#M%:)#%$?,%,'',8$%&'%8&16$S%&6%$?,%2,+)$"&6#?"5%

*,$:,,6%5,#$"8"7,%,=5&#12,%)67%)02"81+$12,%#$)$1#.%%(?,%,'',8$%&'%8&16$S%&6%$?,%61;*,2%&'%

<4T%;,$)*&+"$,#%7,$,8$,7%"6%12"6,%:)#%8&6$2)2S%$&%$?,%?S5&$?,#"#%$?)$%8?"+72,6%2,#"7"60%"6%

)02"81+$12)+%8&16$",#%:&1+7%*,%,=5&#,7%$&%;&2,%5,#$"8"7,#%3")%52&=";"$S%&'%2,#"7,68,#%)67%

8)22SJ?&;,%52&8,##,#.%%F,#1+$#%#100,#$%$?)$%8?"+72,6%+"3"60%"6%!"68&+6%>&16$S%:,2,%,=5&#,7%

$&%;&2,%5,#$"8"7,#%$?)6%8?"+72,6%"6%U)89#&6%>&16$S.%%(?,%7)$)%)+#&%2,3,)+,7%$?)$%$?,2,%:)#%

6&%7"'',2,68,%"6%$?,%)3,2)0,%61;*,2%&'%5,#$"8"7,%;,$)*&+"$,#%7,$,8$,7%"6%!"68&+6%>&16$S%

6&6J)02"81+$12,%8?"+72,6%)67%]&&7%F"3,2%)02"81+$12,%8?"+72,6.%%(?,2,%:,2,%6&%)02"81+$12,%

8?"+72,6%"6%!"68&+6%>&16$S%'&2%8&;5)2"#&6M%*1$%)++%&$?,2%8&16$",#%7,;&6#$2)$,7%02,)$,2%2"#9%

&'%5,#$"8"7,%,=5&#12,%"6%)02"81+$12,%8?"+72,6%$?)6%6&6J)02"81+$12,%8?"+72,6.%%^&$?%U)89#&6%

>&16$S%)67%D1+$6&;)?%>&16$S%"68+17,7%8?"+72,6%'2&;%*&$?%)02"81+$12,%)67%6&6J)02"81+$12,%

02&15#M%)67%'&2%U)89#&6%>&16$S%$?,%#);5+,%#"V,%:)#%+)20,%,6&10?%$&%)8?",3,%#$)$"#$"8)+%
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#"06"'"8)68,.%%_"$?"6%U)89#&6%>&16$S%)+&6,M%)02"81+$12,%8?"+72,6%:,2,%$:"8,%)#%+"9,+S%$&%?)3,%

)%02,)$,2%61;*,2%&'%<4T%;,$)*&+"$,#%7,$,8$,7%"6%$?,"2%12"6,%8&;5)2,7%$&%6&6J4X%8?"+72,6.%

% <4T%;,$)*&+"$,#%7,$,8$,7%"6%12"6,%2,52,#,6$%)%;,)#12,%&'%7)"+S%,=5&#12,%$&%KT#.%%

^)22%,$%)+.%%LCGGHO%5&"6$,7%&1$%$?)$%8)1$"&6%#?&1+7%*,%1#,7%:?,6%1#"60%82,)$"6"6,J)7[1#$,7%

8&68,6$2)$"&6#%$&%)88&16$%'&2%3)2")*+,%7"+1$"&6M%*,8)1#,%&'%)0,%)67%,$?6"8"$S%7"'',2,68,#.%%

(?"#%8&68,26%;)S%*,%+,##%&'%)6%"##1,%"6%$?"#%)6)+S#"#%0"3,6%$?)$%)++%&'%$?,%#$17S%5)2$"8"5)6$#%

:,2,%]"#5)6"8%8?"+72,6%*,$:,,6%$?,%)0,#%&'%H%)67%@@%S,)2#.%%%

% F,#1+$#%)+#&%#100,#$%$?)$%$?,%)3,2)0,%<D(TM%<\T%)67%<\(T%8&68,6$2)$"&6#%

;,)#12,7%"6%*&S#%)67%0"2+#%&'%K2,0&6%')2;%:&29,2%');"+",#%)2,%?"0?,2%$?)6%$?,%6)$"&6)+%

)3,2)0,%2,5&2$,7%'&2%8?"+72,6%)0,%PJ@@%"6%$?,%CGG@JCGGC%W]4W\R%L><>M%CGGIO.%%(?,%CGG@J

CGGC%W]4W\R%5)2$"8"5)6$#%)2,%2,52,#,6$)$"3,%#);5+,%&'%$?,%0,6,2)+%cR%5&51+)$"&6%)0,#%PJ

@@%S,)2#.%%(?,%W]4W\R%"#%$?,%*,#$%)3)"+)*+,%,#$";)$,%&'%cR%3)+1,#%'&2%8?"+72,6.%%4+$?&10?%$?,%

W]4W\R%#);5+,%"68+17,#%8?"+72,6%:"$?%4X%,=5&#12,M%$?,%52&5&2$"&6%&'%8?"+72,6%:?&#,%

5)2,6$#%:&29%"6%)02"81+$12,%:&1+7%*,%,=5,8$,7%$&%*,%#;)++.%

Neurobehavioral!Tests!and!Pesticide!Exposure!

% K6%)3,2)0,%W&6J4X%8?"+72,6%5,2'&2;,7%*,$$,2%&6%6,12&*,?)3"&2)+%$,#$#%$?)6%4X%

8?"+72,6.%%]&:,3,2M%4X%8?"+72,6%:"$?%)%02,)$,2%61;*,2%&'%<4T#%"6%$?,"2%12"6,%#);5+,#%?)7%

;&2,%7"''"81+$S%5,2'&2;"60%$,#$#%"63&+3"60%)$$,6$"&6%L>&6$"61&1#%T,2'&2;)68,O%)67%

7,=$,2"$S.%%%R";"+)2%'"67"60#%?)3,%*,,6%51*+"#?,7%"6%$?,%+"$,2)$12,.%%4%#$17S%&'%8?"+72,6%"6%$?,%

cR%,=5&#,7%$&%;,$?S+%5)2)$?"&6M%)%2,#$2"8$,7%KT%5,#$"8"7,%1#,7%'&2%5,#$%8&6$2&+M%

7,;&6#$2)$,7%#";"+)2%'"67"60#%LF189)2$%,$%)+.M%CGGHO.%%\=5&#12,%:)#%6&$%)##&8")$,7%:"$?%

7,'"8"$#%"6%;&#$%6,12&*,?)3"&2)+%$,#$#b%?&:,3,2M%,=5&#,7%8?"+72,6%?)7%;&2,%7"''"81+$S%:"$?%

$,#$#%"63&+3"60%)$$,6$"&6.%
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% 4%#1*#,$%&'%$?,%8?"+72,6%"68+17,7%"6%$?"#%#$17S%:,2,%,3)+1)$,7%*S%F&?+;)6%)67%

8&++,)01,#%LCGGIO%:?&%"7,6$"'",7%#5,8"'"8%7,'"8"$#%&6%;,)#12,#%&'%;&$&2%#5,,7%)67%

8&&27"6)$"&6%"6%4X%8?"+72,6%:?,6%8&;5)2,7%$&%W&6J4X%8?"+72,6.%%>&6$"61&1#%5,2'&2;)68,%

$,#$%2,#1+$#%:,2,%6&$%2,5&2$,7%0"3,6%$?,%&*#,23,7%7"''"81+$",#%"6%$,#$%8&;5+,$"&6.%%4%8?"+7`#%

)*"+"$S%$&%8&;5+,$,%)%$,#$%"#%"$#,+'%)%;,)#12,%&'%)$$,6$"&6%)67%$?,%&*#,23)$"&6%$?)$%8?"+72,6%

,=5,2",68,7%7"''"81+$",#%"6%$?"#%$,#$%;)S%*,%)6%"67"8)$"&6%&'%)$$,6$"&6%7,'"8"$#.%%(?,2,'&2,M%"6%

$?,%52,#,6$%)6)+S#"#%:,%8&6#"7,2,7%8&;5+,$"&6%&'%8&6$"61&1#%5,2'&2;)68,%$,#$#%)#%)6%

&1$8&;,.%%(?"#%)6)+S#"#%1#,7%)%+)20,2%#);5+,%#"V,%)67%7,;&6#$2)$,7%7,'"8"$#%"6%)$$,6$"&6%

;,)#12,;,6$#%'&2%4X%8?"+72,6%,=5&#,7%$&%;&2,%$?)6%&6,%<4T%;,$)*&+"$,.%%B6$,2,#$"60+SM%

'"67"60#%"6%8?"+72,6%)0,%HJ@@%)2,%#";"+)2%$&%,)2+S%#$17",#%&'%)71+$%5&51+)$"&6#%:"$?%+&60%

$,2;M%+&:J+,3,+%,=5&#12,%$&%KT%5,#$"8"7,#.%%(?,#,%#$17",#%2,5&2$,7%7,'"8"$#%"6%;,)#12,#%&'%

#1#$)"6,7%)$$,6$"&6M%"6'&2;)$"&6%52&8,##"60%)67%;&$&2%#5,,7%)67%8&&27"6)$"&6%LR$,5?,6#%,$%

)+.%%@ZZIb%/",7+,2%,$%)+.%%@ZZQb%^)VS+,:"8VJ_)+8V)9%,$%)+.M%@ZZZO.%

% B6$,2)8$"&6#%&*#,23,7%"6%;1+$"3)2")$,%2,02,##"&6%;&7,+#%#100,#$,7%$?)$%4X%8?"+72,6%

7"7%6&$%5,2'&2;%)#%:,++%)#%W&6J4X%8?"+72,6%:?,6%;&2,%<4T%;,$)*&+"$,#%:,2,%7,$,8$,7%"6%

12"6,.%%_?,6%',:,2%<4T%;,$)*&+"$,#%:,2,%7,$,8$,7%"6%12"6,M%W&6J4X%8?"+72,6%5,2'&2;,7%

#";"+)2+S%)67%#&;,$";,#%4X%8?"+72,6%5,2'&2;,7%*,$$,2%$?)6%W&6J4X%8?"+72,6.%%^,$$,2%$,#$%

5,2'&2;)68,%*S%4X%8?"+72,6%;)S%*,%$?,%2,#1+$%&'%4X%8?"+72,6%*,"60%2,821"$,7%'2&;%$?,%

D"02)6$%],)7%R$)2$%52&02);.%X"3,6%$?,%,718)$"&6)+%)73)6$)0,%&'%*,"60%,62&++,7%"6%D"02)6$%

],)7%R$)2$M%$?,#,%4X%8?"+72,6%;)S%5,2'&2;%*,$$,2%&6%$?,%6,12&*,?)3"&2)+%$,#$#%2,0)27+,##%

&'%5,#$"8"7,%,=5&#12,.%%

T&$,6$")+%!";"$)$"&6#%

(?,%+"9,+"?&&7%$?)$%*")#M%2,#"71)+%8&6'&167"60%)67Y&2%8?)68,%5+)S%)%2&+,%"6%$?,%2,+)$"&6#?"5#%

&*#,23,7%"6%$?"#%)6)+S#"#%)2,%7"#81##,7%*,+&:.%
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Bias!

% R,+,8$"&6%*")#%;)S%"6'+1,68,%$?,%&1$8&;,%&'%$?"#%)6)+S#"#.%(?,%)02"81+$12,%8?"+72,6%

:,2,%2,821"$,7%'2&;%)%;"02)6$%?,)7%#$)2$%52&02);M%)67%$?,%6&6J)02"81+$12,%8?"+72,6%:,2,%

2,821"$,7%'2&;%$?,%8&;;16"$S.%%(?"#%7"'',2,6$")+%#,+,8$"&6%*")#%:&1+7%*,%,=5,8$,7%$&%

&*#812,%7,'"8"$#%"6%6,12&*,?)3"&2)+%$,#$%2,#1+$#%8)1#,7%*S%KT%,=5&#12,.%

% (?"#%)6)+S#"#%;)S%)+#&%*,%#1*[,8$%$&%;"#8+)##"'"8)$"&6%*")#M%)#%$?,%8+)##"'"8)$"&6%&'%

5,#$"8"7,%,=5&#12,%*S%<4T%;,$)*&+"$,#%"6%12"6,%?)#%+";"$)$"&6#.%%<4T%;,$)*&+"$,#%?)3,%)%

#?&2$%?)+'J+"',%&'%CHJHN%?2#%)67%2,'+,8$%2,8,6$%,=5&#12,.%%^S%8&;*"6"60%$?,%<4T%;,$)*&+"$,#%

"6$&%&6,%;,)#12,%&'%$?,%61;*,2%&'%<4T%;,$)*&+"$,#%7,$,8$,7M%)#%&55&#,7%$&%"67"3"71)+%

8&68,6$2)$"&6#M%$?"#%#$17S%)$$,;5$#%$&%)3&"7%$?,%5&$,6$")+%'&2%,=5&#12,%;"#8+)##"'"8)$"&6.%B6%

)77"$"&6M%)%+&60J$,2;%,=5&#12,%;,$2"8%"#%8&6#"7,2,7%*S%8+)##"'S"60%8?"+72,6%)#%4X%)67%W&6J

4X.%

% <4T%;,$)*&+"$,#%"6%12"6,%)2,%6&$%#5,8"'"8%;,)#12,;,6$#%&'%)6%"67"3"71)+%5,#$"8"7,%

8&;5&167%1#,7%"6%)02"81+$12,%)67%;)S%2,'+,8$%,=5&#12,%3")%;1+$"5+,%5)$?:)S#.%%/&&7%"#%)6%

";5&2$)6$%5)$?:)S%&'%5,#$"8"7,%,=5&#12,%'&2%8?"+72,6%)67%$?"#%#$17S%7&,#%6&$%7"#$"601"#?%

*,$:,,6%5,#$"8"7,%,=5&#12,%3")%$?,%7",$%&2%3")%$?,%);*",6$%,63"2&6;,6$.%%(?,2,'&2,M%<4T%

+,3,+#%&*#,23,7%"6%$?"#%#$17S%2,52,#,6$%"6$,02)$,7%+,3,+#%&'%,=5&#12,%'2&;%#,3,2)+%

,63"2&6;,6$)+%#&128,#.%<",$)2S%,=5&#12,%$&%KT#%;)S%)+#&%?)3,%2,718,7%&12%)*"+"$S%$&%

7,;&6#$2)$,%7"'',2,68,#%*,$:,,6%4X%)67%W&6J40%8?"+72,6.%

% >+)##"'"8)$"&6%&'%8?2&6"8%5,#$"8"7,%,=5&#12,%*S%5)2,6$)+%&8815)$"&6%)+#&%?)#%

+";"$)$"&6#.%%(?"#%8+)##"'"8)$"&6%;)9,#%$?,%)##1;5$"&6%$?)$%)%5)2,6$%:&29"60%"6%)02"81+$12,%"#%

,=5&#,7%$&%KT%5,#$"8"7,#%"6%$?,%:&295+)8,%)67%$?,%8?"+7%"#%"67"2,8$+S.%%(?,%#$17S%:)#%

7,#"06,7%$&%82,)$,%)%#);5+,%&'%8?"+72,6%:"$?%8?2&6"8%5,#$"8"7,%,=5&#12,%*S%2,d1"2"60%$?)$%

5)2,6$#%:&29%"6%)02"81+$12,%)$%$?,%$";,%&'%$?,%#$17S%)67%?)7%:&29,7%"6%)02"81+$12,%'&2%)$%
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+,)#$%E%S,)2#%52"&2.%%B6%)77"$"&6M%$?,%5)2,6$#%&'%6&6J4X%8?"+72,6%:,2,%2,d1"2,7%$&%6&$%?)3,%)%

?"#$&2S%&'%:&29"60%"6%)02"81+$12,%:"$?"6%$?,%5)#$%%E%S,)2#.%%%

% !);*,2$%,$%)+.%%LCGGIO%7,;&6#$2)$,7%$?)$%#1*#$)6$")+%3)2")$"&6%"6%KT%;,$)*&+"$,%

+,3,+#%)82&##%8&;;16"$",#%?&#$"60%7"'',2"60%)02"81+$12)+%"671#$2",#.%%(?"#%#$17S%7"7%6&$%

7"3"7,%15%$?,%02&15%&'%4X%8?"+72,6%*S%)02"81+$12)+%"671#$2S.%%!);*,2$%,$%)+.%%LCGGIO%#100,#$#%

$?)$%')"+12,%$&%)88&16$%'&2%7"'',2,68,%*,$:,,6%8&;;16"$",#%;)S%2,#1+$%"6%,=5&#12,%

;"#8+)##"'"8)$"&6.%

Residual!and!Unmeasured!Confounding!

% B6%$?"#%#$17SM%2,#"71)+%8&6'&167"60%;)S%2,#1+$#%'2&;%,"$?,2%";52&5,2%7,'"6"$"&6%&'%

$?,%8)$,0&2",#%&'%$?,%8&6'&167"60%3)2")*+,%&2%)6%";5,2',8$%;,)#12,%&'%$?,%8&6'&167,2.%

c6;,)#12,7%8&6'&167"60%)2"#,#%'2&;%&$?,2%";5&2$)6$%8&6'&167,2#%$?)$%:,2,%6&$%

)88&16$,7%'&2%"6%$?,%;&7,+.%

% >)$,0&2",#%&'%8&6$"61&1#%3)2")*+,#%"6%$?"#%)6)+S#"#%"68+17,7%)0,%02&15#%Li%P%S,)2#%

)67%%%P%S,)2#O%)67%;)$,26)+%,718)$"&6%02&15#%L6&%?"0?%#8?&&+M%#&;,%?"0?%#8?&&+M%)67%?"0?%

#8?&&+%02)71)$,O.%%(?,#,%8)$,0&2",#%:,2,%7,'"6,7%*)#,7%&6%7"'',2,68,#%"6%5&$,6$")+%,=5&#12,%

$&%5,#$"8"7,#%)67%5,2'&2;)68,%&6%6,12&*,?)3"&2)+%$,#$#.%F,#"71)+%8&6'&167"60%"#%6&$%+"9,+S%

:"$?"6%)0,%02&15#%)67%;)$,26)+%,718)$"&6)+%02&15#.%

% (?,%3)2")*+,%'&2%;)$,26)+%,718)$"&6%:)#%1#,7%)#%)%52&=S%'&2%#&8"&,8&6&;"8%#$)$1#%

)67%$?"#%3)2")*+,%"#%6&$%)%8&;5+,$,%2,52,#,6$)$"&6%&'%#&8"&,8&6&;"8%#$)$1#.%%B$%"#%5&##"*+,%

$?)$%#&8"&,8&6&;"8%7"'',2,68,#%;)S%,="#$%*,$:,,6%$?,%$:&%02&15#%:"$?"6%$?,%;)$,26)+%

,718)$"&6%8)$,0&2",#.%%B$%?)#%*,,6%#?&:6%$?)$%"67"3"71)+#%&'%?"0?,2%#&8"&,8&6&;"8%#$)$1#%,)$%

;&2,%'2,#?%'21"$%)67%3,0,$)*+,#%$?)6%"67"3"71)+#%&'%5&&2,2%,63"2&6;,6$#%L^?)20)3)%)67%

])S#%CGGHO%)67%8?"+72,6%&'%?"0?,2%#&8"&,8&;"8%#$)$1#%;)S%2,8,"3,%;&2,%,718)$"&6%)67%
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5,2'&2;%*,$$,2%&6%6,12&*,?)3"&2)+%$,#$#.%%(?,2,'&2,M%#&8"&%,8&6&;"8%#$)$1#%"#%)%5&$,6$")+%
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Appendix A: 
DAP Metabolite Linear Regression Model Results 
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Table A-1.  Relationship between DMP concentration and agricultural status adjusted for gender, age, maternal 
education 

 $ (SE)  95% CI p-value 
Agricultural Status 
Non-Ag Reference   
Ag 6.39 (3.29) -0.12, 12.89 0.05 

Gender 
Male Reference   
Female 4.21 (2.76) -1.25, 9.67 0.13 

Age group 
<6 years Reference   
!6yrs -3.70 (2.85) -9.32, 1.94 0.20 

Maternal education 
<9 yrs Reference   
9-12 yrs -3.37 (3.69) -10.65, 3.92 0.36 
>12 yrs -3.22 (4.05) -11.23, 4.79 0.43 

 
Table A-2.  Relationship between DEP concentration and agricultural status adjusted for gender, age, and 
maternal education 

 $ (SE)  95% CI p-value 
Agricultural Status 
Non-Ag Reference   
Ag 1.26 (1.12) -0.95, 3.47 0.26 
Gender 
Male Reference   
Female -0.05 (0.94) -1.90, 1.81 0.96 

Age group 
<6 years Reference   
!6yrs -0.81 (0.97) -2.72, 1.11 0.41 

Maternal education 
<9 yrs Reference   
9-12 yrs 0.24 (1.25) -2.23, 2.72 0.85 
>12 yrs -0.69 (1.38) -3.42, .03 2 0.62 

%
 

Table A-3.  Relationship between DMTP concentration and agricultural status adjusted for gender, age, and 
maternal education 

 $ (SE)  95% CI p-value 
Agricultural Status 
Non-Ag Reference   
Ag -21.09 (14.67) -50.08, 7.90 0.15 

Gender 
Male Reference   
Female 14.67 (12.31) -9.67, 39.00 0.24 

Age group 
<6 years Reference   
!6yrs -31.16 (12.70) -56.27, -6.06 0.02 

Maternal education 
<9 yrs Reference   
9-12 yrs -30.97 (16.44) -63.46, 1.52 0.06 
>12 yrs -17.26 (18.06) -52.96, 18.44 0.34 
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Table A-4.  Relationship between DMDTP concentration and agricultural status adjusted for gender, age, and 
maternal education 

 $ (SE)  95% CI p-value 
Agricultural Status 
Non-Ag Reference   
Ag 4.02 (3.16) -2.23, 10.26 0.21 

Gender 
Male Reference   
Female 2.41 (2.65) -2.83, 7.66 0.36 

Age group 
<6 years Reference   
!6yrs -2.05 (2.74) -7.46, 3.36 0.46 

Maternal education 
<9 yrs Reference   
9-12 yrs -1.07 (3.54) -8.07, .93 5 0.76 
>12 yrs -4.07 (3.89) -11.76 3.62 , 0.30 

%
Table A-5.  Relationship between DETP concentration and agricultural status adjusted for gender, age, and 
maternal education 

 $ (SE)  95% CI p-value 
Agricultural Status 
Non-Ag Reference   
Ag -5.46 (15.36) -35.80, 24.91 0.72 

Gender 
Male Reference   
Female -10.35 (12.89) -35.83, 15.13 0.42 

Age group 
<6 years Reference   
!6yrs -19.61 (13.30) -45.90, 6.68 0.14 

Maternal education 
<9 yrs Reference   
9-12 yrs -18.84 (17.21) -52.86, 15.18 0.28 
>12 yrs -22.14 (18.91) -59.52, 15.24 0.24 

!
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Appendix B:  
Neurobehavioral Test Linear Regression Model Results 
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%
Table B-1.  Relationship between Finger Tapping: Number of Taps Left performance and the number of DAPs 
Detected adjusted for agriculture status, gender, age, and maternal education (Adj.  R2 = 49 %)!

 $ (SE) 95% CI p-value 
# of DAPs 2.24 (0.87) 0.51, 3.96 0.01 
# DAPs x Gender -2.81 (1.21) -5.19, -0.43 0.02 
# DAPs x Age Group 0.37 (0.21) -0.04, -0.78 0.08 
Gender 
Male Reference   
Female -1.07 (2.17) -5.35, 3.21 0.62 

Age group 
<6 years Reference   
!6yrs 14.37 10.17, 18.57 0.00 

Maternal education 
<9 yrs Reference   
9-12 yrs 1.81 (1.88) -1.90, 5.53 0.34 
>12 yrs 3.00 (2.04) -1.03, 7.04 0.14 

!
Table B-2.  Relationship between Continuous Performance Hits performance and the number of DAPs 
Detected adjusted for agriculture status, gender, age, and maternal education (Adj.  R2 = 4 %) 

 $ (SE) 95% CI p-value 
# of DAPs 1.58 (0.70) 0.20, 2.97 0.03 
Status 
Non-AG Reference   
AG 3.73 (1.47) 0.82, 6.64 0.01 

Status x # DAPs -2.17 (0.83) -3.82, -0.53 0.01 
Gender 
Male Reference   
Female -0.57 (1.01) -2.57, 1.42 0.569 

Age group 
<6 years Reference   
!6yrs 1.73 (0.99) -0.22, 3.68 0.082 

Maternal education 
<9 yrs Reference   
9-12 yrs -1.13 (1.27) -3.65, 1.39 0.38 
>12 yrs 1.01 (1.48) -1.93, 3.95 0.50 

!
Table B-3.  Relationship between Continuous Performance: Misses performance and the number of DAPs 
Detected adjusted for agriculture status, gender, age, and maternal education (Adj.  R2 = 4 %) 

 $ (SE) 95% CI p-value 
# of DAPs -1.53 (0.68) -2.88, -0.18 0.03 
Status 
Non-AG Reference   
AG -3.73 (1.43) -6.56, -0.89 0.01 

Status x # DAPs 2.13 (0.81) 0.53-3.73 0.01 
Gender 
Male Reference   
Female 0.73 (0.98) -1.21-2.67 0.46 

Age group 
<6 years Reference   
!6yrs -1.78 (0.96) -3.68-0.12 0.07 

Maternal education 
<9 yrs Reference   
9-12 yrs 1.04 (1.24) -1.41 – 3.50 0.40 
>12 yrs -1.17 (1.44) -4.04 – 1.68 0.42 

!
!
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!
Table B-4.  Relationship between Continuous Performance: Percent Corrected Hits performance and the 
number of DAPs Detected adjusted for agriculture status, gender, age, and maternal education (Adj.  R2 = 4 %) 

 $ (SE) 95% CI p-value 
# of DAPs 0.05 (0.02) 0.01, 0.10 0.01 
Status 
Non-AG Reference   
AG 0.13 (0.05) 0.03, 0.22 0.01 

Status x # DAPs -0.07 (0.03) -0.13, -0.02 0.01 
Gender 
Male Reference   
Female -0.02 (0.03) -0.09, 0.04 0.49 

Age group 
<6 years Reference   
!6yrs 0.06 (0.03) -0.01, 0.12 0.07 

Maternal education 
<9 yrs Reference   
9-12 yrs -0.03 (0.04) -0.12, 0.05 0.39 
>12 yrs 0.04 (0.05) -0.06, 0.13 0.44 

!
Table B-5.  Relationship between Divided Attention Words/Language: Right Hand Taps performance and the 
number of DAPs Detected adjusted for agriculture status, gender, age, and maternal education (Adj.  R2 = 38 
%) 

 $ (SE) 95% CI p-value 
# of DAPs 2.24 (0.69) 0.88, 3.60 0.001 
Gender 
Male Reference   
Female -5.47 (1.69) -8.80, 2.14 0.00 

Age group 
<6 years Reference   
!6yrs 14.43 (1.70) 11.07, 17.78 0.00 

Maternal education 
<9 yrs Reference   
9-12 yrs 0.77 (2.13) -3.46, 4.99 0.72 
>12 yrs 3.36 (2.36) -1.30, 8.02 0.16 

!
Table B-6.  Relationship between Divided Attention Words/Language: Left Hand Taps performance and the 
number of DAPs Detected adjusted for agriculture status, gender, age, and maternal education (Adj.  R2 = 40 
%) 

 $ (SE) 95% CI p-value 
# of DAPs 2.95 (0.74) 1.48, 4.42 0.00 
Status 
Non-AG Reference   
AG -3.57 (1.65) -6.83, -0.30 0.03 

Gender x # DAPs -3.00 (1.13) -5.23, 0.78 0.01 
Gender 
Male Reference   
Female -0.85 -4.78, 3.08 0.67 

Age group 
<6 years Reference   
!6yrs 11.38 (1.38) 8.66, 14.12 0.00 

Maternal education 
<9 yrs Reference   
9-12 yrs 1.19 (1.77) -2.32, 4.70 0.50 
>12 yrs 1.54 (2.08) -2.57, 5.65 0.46 

!
!
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Table B-7.  Relationship between Object Memory: Immediate Recall performance and the number of DAPs 
Detected adjusted for agriculture status, gender, age, and maternal education (Adj.  R2 = 20 %) 

 $ (SE) 95% CI p-value 
Status 
Non-AG Reference   
AG 0.81 (0.38) 0.06, 1.56 0.034 

Gender 
Male Reference   
Female 0.23 (0.32) -0.40, 0.86 0.48 

Age group 
<6 years Reference   
!6yrs 2.01 (0.33) 1.36, 2.45 0.00 

Maternal education 
<9 yrs Reference   
9-12 yrs 0.30 (0.42) -1.12, 0.52 0.47 
>12 yrs 0.03 (0.49) -0.92, 0.99 0.95 

!
Table B-8.  Relationship between Object Memory: Recognition performance and the number of DAPs Detected 
adjusted for agriculture status, gender, age, and maternal education (Adj.  R2 = 10 %) 

 $ (SE) 95% CI p-value 
# DAPs 0.53 (0.34) -0.14-1.20 0.12 
# DAPs x Gender -1.39 (0.52) -2.41, -0.36 0.01 
Gender 
Male Reference   
Female 1.09 (0.93) -1.46, 2.21 0.69 

Age group 
<6 years Reference   
!6yrs 2.19 (0.63) 0.94, 3.43 0.00 

Maternal education 
<9 yrs Reference   
9-12 yrs -0.52 (0.77) -2.05, 1.01 0.50 
>12 yrs 0.37 (0.93) -1.46, 2.21 0.69 

!
Table B-9.  Relationship between Purdue Pegboard: Number of Pegs Right performance and the number of 
DAPs Detected adjusted for agriculture status, gender, age, and maternal education (Adj.  R2 = 58 %) 

 $ (SE) 95% CI p-value 
# of DAPs 0.55 (0.22) 0.10, 0.99 0.02 
Status 
Non-AG Reference   
AG 0.89 (0.47) -0.04, 1.82 0.06 

Status x # DAPs -0.50 (0.26) -1.02, 0.1 0.06 
Gender 
Male Reference   
Female 0.16 (0.29) -0.42, 0.74 0.59 

Age group 
<6 years Reference   
!6yrs 4.38 (0.30) 3.79, 4.97 0.00 

Maternal education 
<9 yrs Reference   
9-12 yrs 0.25 (0.38) -0.50, 1.01 0.51 
>12 yrs 0.35 (0.44) -0.52, 1.23 0.42 

!
!
!
!
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Table B-10.  Relationship between Purdue Pegboard: Number of Pegs Left performance and the number of 
DAPs Detected adjusted for agriculture status, gender, age, and maternal education (Adj.  R2 = 52 %) 

 $ (SE) 95% CI p-value 
# of DAPs 0.23 (0.12) -0.01, 0.48 0.06 
Gender 
Male Reference   
Female 0.13 (0.30) -0.46, 0.73 0.66 

Age group 
<6 years Reference   
!6yrs 3.86 (0.31) 3.25, 4.46 0.00 

Maternal education 
<9 yrs Reference   
9-12 yrs -0.1 (0.38) -0.76-0.74 0.98 
>12 yrs -0.36 (0.42) -1.20-0.48 0.40 

!
Table B-11.  Relationship between Purdue Pegboard: Number of Pegs Both performance and the number of 
DAPs Detected adjusted for agriculture status, gender, age, and maternal education (Adj.  R2 = 52 %)!

 $ (SE) 95% CI p-value 
# of DAPs 0.16 (0.11) -0.05, 0.38 0.14 
Gender 
Male Reference   
Female 0.17 (0.26) -0.36, 0.69 0.53 

Age group 
<6 years Reference   
!6yrs 3.38 (0.27) 2.85, 3.91 0.00 

Maternal education 
<9 yrs Reference   
9-12 yrs -0.13 (0.33) -0.79, 0.54 0.71 
>12 yrs 0.27 (0.37) -0.46, 1.00 0.47 

!
Table B-12.  Relationship between Visual Motor Integration performance and the number of DAPs Detected 
adjusted for agriculture status, gender, age, and maternal education (Adj.  R2 = 40 %) 

 $ (SE) 95% CI p-value 
# of DAPs 0.30 (0.17) -0.04, 0.64 0.083 
Gender 
Male Reference   
Female -0.58 (0.42) -1.42, 0.25 0.17 

Age group 
<6 years Reference   
!6yrs 5.03 (0.43) 4.18, 5.88 0.00 

Maternal education 
<9 yrs Reference   
9-12 yrs -0.61 (0.53) -1.66, 0.44 0.26 
>12 yrs 0.78 (0.58) -0.37, 1.93 0.18 

!


