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percent among the Comparisons. There were no Ranch Hands in the low dioxin category. Unadjnsted 
chi-square tests of association revealed a significantly smaller percentage of Ranch Hands in the low 
dioxin category with jaundice than Comparisons (Table 13-4(e): p=O.017). A significantly smaller 
percentage of Ranch Hands in the low and high dioxin categories combined also had jaundice than did 
Comparisons (Table 13-4(e): p=O.OOI). 

The unadjusted and adjusted Model 4 analyses revealed a significant relation between 1987 dioxin and 
jaundice (Table 13-4(g,h): Est. RR=0.44, p<O.OOI; Adj. RR=0.39, p<O.OOI, respectively). The 
percentages of participants with jaundice in the low, medium, and high 1987 dioxin categories were 2.8, 
1.1, and 0.4, respectively. 

13.2.2.1.3 Acute Necrosis olthe Liver 

Only one participant had an acute necrosis of the liver. The participant was a non-Black, Comparison 
officer. Further statistical analysis was not performed. 

13.2.2.1.4 Chronic Liver Disease and Cirrhosis (Alcohol-related) 

All unadjusted and adjusted analyses of alcohol-related chronic liver disease and cirrhosis were 
nonsignificant (Table 13-5(a-h): p>0.22 for all analyses). 

Table 13-5. Analysis of Chronic Liver Disease and Cirrhosis (Alcohol-related) 

(a) MODEL 1: RANCH HANDS VS.COMPARISONS - UNADJUSTED 

Occul'ational Number(%) F.st..Rellltive ruSk 
Category Group .n Yes (95% eL) p"Value 

All Ranch Hand 815 39(4.8) 
Comparison 1,183 56 (4.7) 

Officer Ranch Hand 326 15 (4.6) 
Comparison 472 14 (3.0) 

Enlisted Flyer Ranch Hand 138 7 (5.1) 
Comparison 180 12 (6.7) 

Enlisted Ranch Hand 351 17 (4.8) 
Groundcrew ComEarison 531 30 (5.6) 

(b) MODEL 1: RANCHHANDSVS.COMPARISONS..,ADJUSTED 

Occupational.Category 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

Adjus~':Re1ativeRisk '. 
(9S%C.L) '.' 

0.93 (0.60,1.45) 

1.50 (0.71,3.19) 
0.70 (0.26,1.88) 
0.75 (0.39,1.45) 

13-24 

1.01 (0.67,1.54) 

1.58 (0.75,3.32) 

0.75 (0.29,1.95) 

0.85 (0.46,1.57) 

p"Value 

0.762 

0.290 
0.474 
0.390 

0.958 

0.229 

0.553 

0.602 

! 

) 

0) 
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C) 

c) 

Table 13-5. Analysis of Chronic Liver Disease and Cirrhosis (Alcohol·related) 
(Continued) 

(c) MODEL 2: RANCliHANDS.-lNITIAL.DlOXIN . ..., UNADJUSTED 

.. lnitiaJ1Diox/nCategory Summary/>tatistics . Analysis Results for Log, (Initial Dioxin)" 

Initial ... Number (%) Esti:mated Relative Risk .' 
Dioxin n Yes (95% C.I.)b . ""Value 

Low 152 7 (4.6) 1.06 (0.78,1.45) 0.708 
Medium 
High 

151 8 (5.3) 
144 8 (5.6) 

, Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin .. 

Note: Low = 27-{i3 ppt; Medium = >63-152 ppt; High = > 152 ppt. 

(d) MODEL 2:' RANCH HANDS .... lNlTIAL.DlOXIN - AD.JOSTED 

n 

444 

Analysis Results (or Log, (Initial Dioxin) 

Adjusted;RelativeRisk 
(95% <:L)' 

1.06 (0.72,1.57) 

, Relative risk for a twofold increase in initial dioxin. 

""Value 
0.765 

(e) MODEL 3:,RANCHHANDS AND COMPARISONS BY DIOXIN . CATEGORY '"' UNADJUSTED 

Number{%) Est/Relative Risk 
Dioxin Category n Yes (95%C.I.)'b 

Comparison 1,147 54 (4.7) 

Background RH 361 16 (4.4) 0.97 (0.55,1.73) 
LowRH 226 11 (4.9) 1.02 (0.53,1.99) 
High RH 221 12 (5.4) 1.12 (0.59,2.14) 
Low plus High RH 447 23 (5.1) 1.07 (0.65,1.77) 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin::; 10 ppt. 
Background (Ranch Hand): 1987 Dioxin::; 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin::; 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 
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""Value 

0.924 
0.946 
0.725 
0.788 

. 
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Table 13-5. Analysis of Chronic Liver Disease and Cirrhosis (Alcohol-related) (Continued) 

(f),MODEL 3: RANCH HANDS AND COMPARISONS ,BY DIOXIN CATEGORY - Al>JUSTED I 

Adjusted Relative Risk " ,Dioxin Category n (95%C.I.)' 
Comparison 1,146 
Batkground RH 358 1.03 (0.56,1.90) LowRH 225 0,95 (0.48,1.91) HighRH 219 0.88 (0.43,1.8 J) Low plus High RH 444 0.92 (0.54,1.57) 

• Relative risk and conl1dence interval relative to Comparisons. 
Note: RH = Ranch Hand. 

Comparison: 1987 Dioxin" 10 ppt. 
Background (Ranch Hand): 1987 Dioxin" 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin" 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

(g) MODEL 4: RANCH HANDS-1987 DIOXIN - UNADJUSTED 
,I, 

p-Value 

0,914 
0.894 
0,734 
0.755 

1987 Dioxin Category Su_ry Stalistics ADalY~s Results for Log, (1987 Di"",in .+ 1) , 
Estimated Relative Risk 'C', 

" " (95% C.I.)' 

1987 Number(%) 
iDioxin 'n y~ '," 

Low 273 12 (4.4) I.l 0 (0.89,1.37) 
Medium 269 15 (5.6) 
Higl;J 266 12 (4.5) 

• Relative risk for a twofold increase in 1987 dioxin, 

Note: Low = $7,9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h)~fODEL 4: RANCH ~S -1987,DIOXIN-ADJUSTED 

802 

AnaI~sResnitsifor'Log, (l987Dioxin +1) " " .. , 
Adjusted RelativelUsk 

(95% 'C.I.)' 
1.09 (0.84,1.41) 

, Re1*ive risk for a twofold increase in 1987 dioxin. 

13.2.2.1.5 Chronic Liver Disease and Cirrhosis (Non-alcohol-related) 

p-Value 

0.368 

p-Value 

0.506 

All results from analysis of non-alcohol-related chronic liver disease and cirrhosis were nonsignificant (Table 13-6(a-h): p>0.21 for all analyses). 
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Table 13-6. Analysis of Chronic Liver Disease and Cirrhosis (Non-alcohol-related) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupat,ional Number(%) Est. Relative Risk 
<A!ljogory Group n Yes (95% C.L) 

All Ranch Hand 870 14 (1.6) 1.44 (0.68,3.04) 
Comparison 1,250 14 (1.1) 

Officer Ranch Hand 341 5 (1.5) 2.43 (0.58,10.18) 
Comparison 493 3 (0.6) 

Enlisted Flyer Ranch Hand 151 2 (1.3) 0.82 (0.14,4.99) 
Comparison 187 3 (1.6) 

Enlisted Ranch Hand 378 7 (1.9) 1.33 (0.48,3.69) 
Groundcrew Comparison 570 8 (1.4) 

(b) MODEL Ii RANCH HANDS VS. COMPARISONS - AnJUSTEn 

Oceupatjonal Category 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

Adjusted Relative Risk 
(95% C.I.) 

1.43 (0.68,3.03) 

2.47 (0.58,10.52) 
0.77 (0.13,4.71) 
1.32 (0.47,3.69) 

(c) MODEL 2: RANCH HANDS _INITIAL DIOXIN - UNADJUSTED 

p-Value 

0.348 

0.219 
0.777 
0.598 

p·Value 

0.336 

0.226 

0.832 

0.589 

I1)iP8I iDioxin Ca~orySUJ!l!Dary Sl8.tistics •. '" Al,lalysis Results for Log. (InltiaiDioxin)' 

initial Numbe.r( %) Esti~ted Rl;laii:e Risk . . . 
Dlaxin . n Yes (95% C.I.) .... p-Value 

Low 160 2 (1.3) 1.02 (0.61,1.70) 0.949 
Medium 
High 

162 4 (2.5) 
160 2 (1.3) 

• Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27..fJ3 ppt; Medium = >63-152 ppt; High = > 152 ppt. 

(d) MODEL.2: RANCH HANDS -INITIAL .DIOXIN - ADWSTED 

n 

479 

AnulysisR.sults.for .. Log, (iDitiai Dioxin) 

Adjusted Relative. RIsk 
(95% C.I.)' 

1.04 (0.61,1.76) 

a Relative risk for a twofold increase in initial dioxin. 

p-Value 

0.897 

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with a history of non·alcohol­
related chronic liver disease and cirrhosis. 
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Table 13-6. Analysis of Chronic Liver Disease and Cirrhosis (Non-alcohol-related) 
(Continued) . 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXINCA'l'EGORY,.UNADJUSTED 

f DioxlnCat!!gory 
Number(%) Est. ReiallveRisk 

n Yes (95%<:.1.)" 
Comparison 1,212 14 (1.2) 
Background RH 381 6 (1.6) 1.64 (0.62,4.34) 
LowRH 239 3 (1.3) 1.01 (0.29,3.58) 
HighRH 243 5 (2.1) 1.52 (0.53,4.32) 
Low plus High RH 482 8 (1.7) 1.24 (0.50,3.06) 

'Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin" 10 ppt. 
Background (Ranch Hand): 1987 Dioxin" 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin" 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

p.VaJue 

0.321 
0.986 
0.433 
0.639 

(f)MODEL3:RAJl/CH HA.$>.l> AND COMPARISONS BY DIOXIN CATEGORY -AI)JUSTED 
, Adjusted.RelallveRlsk 
!DioxinCat~ n (95%C.I.)' 

Comparison 1,211 

Background RH 378 1.89 (0.68,5.25) 
LowRH 238 1.15 (0.32,4.12) 
HighRH 241 1.37 (0.47,4.()() 
Low plus HiSh RH 479 1.26 (0.51,3.12) 

'Retative risk and confIdence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin" 10 ppt. 
Background (Ranch Hand): 1987 Dioxin" 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin" 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

p'Value 

0.223 
0.829 
0.568 
0.625 

(g) MOI)EL 4: RANCHHANIlS -1987 DIOXIN - UNADJUSTEI) .. . .. .. 

'1987 . ... .•• NumbOr(%) Esti~·R~lallve.RiSl' .•... 
: DioXin . . <n .. .... .. .. Y os .. .(95%(:.1.)' . . .. ..p-VaJue 

LoW 288 4 (1.4) 1.05 (0.73,1.49) 0.803 
Medium 287 4 (1.4) 
High 288 6 (2.1) 

• Relative risk for a twofold increase in 1987 dioxin. 

Note.: Low = 9.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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rable 13-6. Analysis of Chronic Liver Disease and Cirrhosis (Non-alcohol-related) 
(Continued) 

(h) MODEL 4: RANCH HANDS-1987 DIOXIN - ADJUSTED. 

n 

857 

Analysis Results Cor Log, (1987 Di,,?,i,\ + 1) 

Adjusted Relative RIsk 
(95% C.I.)· . 

1.02 (0.68,1.54) 

, Relative risk for a twofold increase in 1987 dioxin. 

13.2.2.1.6 Liver Abscess and Sequelae o/Chronic Liver Disease 

p-V.aJue 
0.920 

A sparse number of abnormalities restricted the analysis of liver abscess and sequelae of chronic liver 
disease. One non-Black, Ranch Hand enlisted groundcrew and one non-Black, Comparison officer were 
noted to have a liver abscess and sequelae of chronic liver disease. No significant relations with dioxin 
were noted in any of the Models 1 through 4 analyses (Table 13-7(a-h): p>O.16 for all analyses 
performed) . 

-=--===-=----=--==-=======-==----===------===-------=== 
Table 13-7. Analysis of Liver Abscess and Sequelae of Chronic Liver Disease 

(a) MODEL 1; RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational : Number(%) . &.1. R~lative Risk 
Category GrollP n Yes (95%GL) 

All Ranch Hand 870 1 (0.1) 1.44 (0.09,23.03) 
Comparison 1,251 1 (0.1) 

Officer Ranch Hand 341 0(0.0) 
Comparison 494 1 (0.2) 

Enlisted Flyer Ranch Hand 151 0(0.0) 
Comparison 187 0(0.0) 

Enlisted Ranch Hand 378 I (0.3) 
Groundcrew Comparison 570 0(0.0) 

p-Value 
0.798 

0.999' 

0.836' 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a history of a liver abscess and sequelae of chronic liver disease. 
--: Results not presented because of the sparse number of participants with a liver abscess and sequelae of chronic 
liver disease. 

(b) MODEL 1.1 RANCH HANDS VS, COMPARlSOl'lS - ADJUSTED 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

AdjllstedR0i8tlveRisk 
(95%C,L) . 

1.45 (0.09,23.24) 0.795 

--: Results not presented because of the sparse number of participants with a liver abscess and sequelae of chronic 
liver disease. 

Note: Results are not adjusted for race and occupation because of the sparse number of participants with a liver 
abscess and sequelae of chronic liver disease. 
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Table 13·7. Analysis of Liver Abscess and Sequelae of Chronic Liver Disease 
(Continued) 

(c) ',MODEL 2: RANCH HANDS - INITIAL. DIOXIN - UNADJUSTED 

; . Initial Di(!xin Category !?ummary Slati$lics Analysis ResUlts for Log, (Initlal Dioxin)' 

, Initial NuiDber (%) 
: I;!ioxin n Yes 

: Estlmated Relatlve Risk 
.. (95% C.I.)' 

Low 160 0 (0.0) 1.99 (0.64,6.25) 
Medium 162 0 (0.0) 
Hil;jh 160 1 (0.6) 

, Adjusted for percent body fat at the time of the blood measurement of dioxin. 
, Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) iMODEL 2.: 'RANCH HANDS -INITIAL DIOXIN - ADJUSTED 
"," ".<"'-, " 

n 
479 

Ana\ysis.Results tor Log, (Initial Dioxin) 

Adjusted Relative Risk 
(?S%C.L) 

2.09 (0.61,7.19) 

.p-Valne 

0.277 

p-Value 

0.277 

Not(l: Results are adjusted only for percent body fat at the time of the blood measurement of dioxin, age, and 
lifetime alcohol history because of the sparse number of Ranch Hands with a liver abscess and sequelae of chronic 
liver1disease. 

(e) ijODEL 3:' RANCH HANDS AND COMPARlSONSBY DIOXIN CATE(iORY - PNADJUSTED 

. Dioxin Category 

Comparison 

Background RH 
LowRH 
Higl1 RH 
Low plus High RH 

n 
1,213 

381 
239 
243 
482 

Number(%) 
Yes 

1 (0.1) 

0(0.0) 
0(0.0) 
1 (0.4) 
1 (0.2) 

'Relative risk and confidence interval relative to Comparisons. 

Est. Relative Risk 
(95% C.I.)" 

5.44 (0.33,89.44) 

p-Value 

0.999' 
0.999' 
0.236 
0.999' 

b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
, P-value determined using a chi-square test with continuity correction because of the sparse number of Ranch 
Hands with a liver abscess and sequelae of chronic liver disease. 
__ : ~esu1ts not presented because of the sparse number of Ranch Hands with a liver abscess and sequelae of chronic 

liver 'disease. 

Note; RH = Ranch Hand. 
Comparison: 1987 Dioxin" 10 ppt. 
Background (Ranch Hand): 1987 Dioxin" 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin" 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 
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() Tllble 13-7. Analysis of Liver Abscess and Sequelae of Chronic Liver Disease 
(Continued) 

(f)MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY.- ADJUSTED 

Dioxin Category 
Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

n 
1,212 

378 
238 
241 
479 

A<ijusted Relative Risk 
(95% C.L) 

7.76 (0.38,158.28) 

p-Value 

0.183 

--: Analyses not performed because of the sparse number of Ranch Hands with a liver abscess and sequelae of 
chronic liver disease. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin!> 10 ppt. 
Background (Ranch Hand): 1987 Dioxin!> 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin!> 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

Results are not adjusted for race and occupation because of the sparse number of Ranch Hands with a liver 
abscess and sequelae of chronic liver disease. 

(g) MODEL 4, RANCH HANDS -1987 DIOXIN - UNADJUSTED 
.' . 

. 1987 DiOl',n Category Sun:unary Silltistl.. . ••..... '.' l\Dl\l)'sis'Results for tolb (1987 Dioxin + 1) 

c·.· .• ·.· .. '.) . 1987 ..•• Number (%)&tImaied'ReJativeJUsk' ..' .' . 
. Dioxin· n Yes '.','(95% C.L)" , p-V!lIue 

Low 288 0 (0.0) 2.30 (0.71,7.43) 0.162 
Medium 287 0 (0.0) 
High 288 1 (0.3) 

• Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = !>7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MODEL4: 1I.ANCl:l HANDS -1987 I>IOXlN,..ADJUS'UtD 

n 
857 

AnalysisResuitsfor'tog,(1987 Di~n+ 1) 

, A<ijusted Relative Risk 
(95%C:I.) 

2.05 (0.68,6.15) 

p-Value 

0.212 

Note: Results are adjusted only for age and lifetime alcohol history because of the sparse number of Ranch Hands 
with a liver abscess and sequelae of chronic liver disease. 

13.2.2.1.7 Enlarged Liver (Hepatomegaly) 

The unadjusted and adjusted Model I analyses of the prevalence of enlarged liver revealed no group 
differences when combining all occupations (Table 13-8(a,b): p>0.33 for each analysis). After 
stratifying by occupation, a marginally significant difference was seen between Ranch Hand and 
Comparison enlisted groundcrew (Table 13-8(a,b): Est. RR=O.30, p=0.056; Adj. RR=0.29, p=0.057, 
respectively). Among the enlisted groundcrew, 0.8 percent of the Ranch Hands had an enlarged liver 
versus 2.6 percent of the Comparisons. No significant results were seen in the Model 2, Model 3, or 
Model 4 analyses (Table 13-8(c-h): p>0.15 for all analyses). 
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Table 13-8. Analysis of Enlarged Liver (Hepatomegaly) 

(a~ MODEL 1: RANCHHANDS VS.COMPARISONS - UNADJUSTED 
~upationaJ Number(%) Est. Relative Risk , Category Group n Yes (95% C.L) 

All Ranch Hand 869 14 (1.6) 0.74 (0.39,1.42) 
Comparison 1,249 27 (2.2) 

Officer Ranch Hand 341 5 (1.5) 0.80 (0.27,2.40) 
Comparison 492 9 (1.8) 

Enlisted Flyer Ranch Hand 151 6 (4.0) 2.54 (0.62,10.32) 
Comparison 187 3 (1.6) 

Enlisted Ranch Hand 377 3 (0.8) 0.30 (0.09,1.03) Groundcrew Comparison 570 15 (2.6) 

(b) MODEL l:RANCH HANDS VS. COMPARlSONS _ADJUSTED 

All 
Officer 
Enlisted Flyer 
Enlisted Groundcrew 

AdjllSt<!dRelative'Risk 
(95%CJ.) 

0.73 (0.38,1.41) 

0.78 (0.26,2.36) 
2.53 (0.62,10.38) 
0.29 (0.08,1.03) 

(c)iMODEL 2: RANCH HANDS -INITIAL DlOX'IN- UNADJUSTED , 

0.339 

0.662 
0.198 
0.057 

p-V;\lue 
0.361 

0.689 

0.193 

0.056 

i·..... Ililti;\lI)i~~",Category S~SQjtistics. . ...•.. '" .. A1WysisResullsforLog,(lJIitiall)ioxln)' .' 
, Initial Nmnber (%) .' 
• l)ioxln n Ves ... 

Lo~ 160 2 (1.3) 
Medium 162 4 (2.5) 
Hi$h 159 2 (1.3) 

Elltimated Relative Risk 
·(95% CJ.)b 
0.96 (0.56,1.65) 

, Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 
Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d)iMODEL2:RANCH HANDS - INITIAL DIOXIN-ADJUSTED I ", " ,.' , 

, 
I 

n 
478 

Analysis.. • Results I'orLog, (lJlitial.l)ioxin) 
'" ' , "'<'," '., ".,' 

Adjusted Relative'Risk . 
(95% C.1.t 

0.91 (0.46,1.80) 
a Relative risk for a twofold increase in initial dioxin. 

. 

','. p-Value' 

0.880 

poV>llue 
0.790 

Note: Results are not adjusted for race because of the sparse number of Ranch Hands with a history of an enlarged 
liver. 
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c) 

Table 13-8. Analysis of Enlarged Liver (Hepatomegaly) (Continued) 

(e) MODEL 3: RANCHHANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

.Dl0xinCat~gory 

Comparison 

Background RH 
LowRH 
High RH 
Low plus High RH 

n 

1,211 

381 
239 
242 
481 

Number(%) 
Yes 

26 (2.1) 

6 (1.6) 
2 (0.8) 
6 (2.5) 
8 (1.7) 

Est. Relative Risk 
(95% C.L)" 

0.75 (0.31,1.86) 
0.38 (0.09,1.62) 
1.12 (0.46,2.78) 
0.66 (0.27,1.61) 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin" 10 ppt. 
Background (Ranch Hand): 1987 Dioxin" 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin" 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

p-Value 

0.540 
0.191 
0.798 
0.357 

(t) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Dioxin Ca~ory 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

n 

1,210 

378 
238 
240 
478 

Adjusted Relative Risk 
(95% C.I.)' 

0.80 (0.32,2.01) 
0.35 (0.08,1.51) 
1.09 (0.42,2.79) 
0.62 (0.25,1.54) 

a Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin" 10 ppt. 
Background (Ranch Hand): 1987 Dioxin" 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin" 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN - UNADJUSTED 
... ' 

p-Value 

0.630 
0.159 
0.864 
0.302 

1987 Dioxin Caregory Summary Statistics . Analysis Resulfs for Log, (1987 Dioxin + 1) 

1987 . Number (%) Estimated R.elaliveRisk 
Dioxin n . Yes I·.· (95% C.L)' . ' .. p-Value . 

Low 288 4 (1.4) 0.94 (0.65,1.35) 0.731 
Medium 287 4 (1.4) 
High 287 6 (2.1) 

'Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = ,,7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 13-8. Analysis of Enlarged Liver (Hepatomegaly) (Continued) 

(h) MODEL 4: RANCH HANDS- 1987J)IOXlN". ADJUSTED 

n 

856 

Analysis.Results for.Log, (l98TDloxin + 1) 

Adjust.ed Relative Risk 
(95 % (::.1.)' . 

0.93 (0.60,1.46) 

• Relative risk for a twofold increase in 1987 dioxin. 

13.2.2.1.8 Other liver Disorders 

0.753 

Both the unadjusted and adjusted Model I analyses revealed marginally significant differences between 
Ranch Hands and Comparisons over all occupations (Table 13-9(a,b): Est. RR=1.20, p---O.067; 
Adj. RR=I.l9, p=0.090, respectively). The percentage of Ranch Hands with other liver disorders was 
28.8 versus 25.2 for Comparisons. Stratifying by occupation revealed a marginally significant difference 
betWeen Ranch Hands and Comparisons within the enlisted groundcrew stratum for both the unadjusted 
and ,adjusted analyses (Table 13-9(a,b): Est. RR=1.32, p=0.062; Adj. RR=1.31, p=0.073, respectively). 
Of the enlisted groundcrew Ranch Hands, 30.8 percent had other liver disorders versus 25.2 percent of the 
Comparisons. 

Table 13-9. Analysis of Other Liver Disorders 

(a) MODEL.!: RAl'IlCH HANDSVS. COMPARISONS-UNADJUSTED 

~pational Number(%) Est. RelatIVe RIsk 
Ca~ory Gro!,p n Yes (95%CJ.) 

All Ranch Hand 866 249 (28.8) 1.20 (0.99,1.46) 
Comparison 1,240 312 (25.2) 

Officer Ranch Hand 338 93 (27.5) 1.15 (0.84,1.57) 
Comparison 486 121 (24.9) 

Enlisted Flyer Ranch Hand 151 40 (26.5) 1.04 (0.64,1.70) 
Comparison 187 48 (25.7) 

Enlisted Ranch Hand 377 116 (30.8) 1.32 (0.99,1.76) 

Groundcrew Comparison 567 143 (25.2) 

(b) MODEL l:RAl'IlCH HANDS VS. COMPARISONS-ADJUSTED 
I, " , , ,', ': ' , ,',' ",' <,' , ',- ,'" --,-,- - , -

o.cupationalCategory 

All 

Officer 
Enlisted Flyer 
EnIlsted Groundcrew 

Adjuslj!dReiativeltisk 
(9S%C;I.) .. 

1.19 (0.97,1.45) 

1.15 (0.83,1.57) 
0.98 (0.60.1.61) 
1.31 (0.98,1.75) 
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p-VaJue 

0.090 

00400 
0.933 
0.073 

p-VaJue 

0.067 

0.399 

0.864 

0.062 
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Table 13-9. Analysis of Other Liver Disorders (Continued) 

(c) MODEL 2: RANCH HANDS -INITIAL DIOXIN- UNADJUSTED 

Initial Dioxin Category SUl1Ulll\ry Statistics AJ!al,ysis R~sults for Log, (Initial Dioxin)" 

Initial Number (%) 
Dioxin n Yes 

Low 159 39 (24.5) 
Medium 162 53 (32.7) 
High 160 55 (34.4) 

.. Estimated Relative Risk 
(95% C.l.)' 

1.J2 (0.97,1.30) 

, Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = > 152 ppt. 

(d) MODEL 2: RANCH HANDS -INITIAL DIOXIN - ADJUStED 

n 

478 

AI!alysi.sResults for Log, (InitlaI.Dioxln) 
Adj~Relati~Rlsk 

(9S%C.I,j' 

1.23 (1.03,1.47) 

, Relative risk for a twofold increase in initial dioxin. 

p-Value 

0.119 

p.;Value 

0.022 

(el MODEL 3: RANCH HANDS AND COMl'ARISONSBY DIOXIN CATEGORY - UNADJlJSTED 

Dioxin CatAlgory 
Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

n 
1,202 

378 
238 
243 
481 

Nnmber(%) 
Yes 

299 (24.9) 

99 (26.2) 
64 (26.9) 
83 (34.2) 

147 (30.6) 

, Relative risk and confidence interval relative to Comparisons. 

Est. Relative Risk 
(95% CoL)"' 

l.l5 (0.88,1.50) 
1.09 (0.80,1.50) 
1.49 (1.10,2.00) 
1.28 (1.01,1.62) 

b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin:> 10 ppt. 
Background (Ranch Hand): Current Dioxin:> 10 ppt. 
Low (Ranch Hand): Current Dioxin> 10 ppt, 10 ppt < Initial Dioxin:> 94 ppt. 
High (Ranch Hand): Current Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

p-Value 

0.318 
0.578 
0.009 
0.042 

(II') MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CAtEGORY-ADJUSTED 

Dioxiu .Category n 

Comparison 1,20 I 

AdjilstA!dRelative RIsk 
(95% C.L)' 

Background RH 375 1.J3 (0.86,1.49) 
Low RH 237 1.05 (0.76,1.45) 
High RH 241 1.52 (1.J 1,2.08) 
Low plus High RH 478 1.27 (1.00,1.62) 

'Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: Current Dioxin:> 10 ppt. 
Background (Ranch Hand): Current Dioxin:> 10 ppt. 
Low (Ranch Hand): Current Dioxin> 10 ppt, 10 ppt < Initial Dioxin:> 94 ppt. 
High (Ranch Hand): Current Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 
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p-Value 

0.371 
0.757 
0.009 
0.055 
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Table 13-9. Analysis of Other Liver Disorders (Continued) 

I 

(g)iMODEL 4: RANCH HANDS -1l/87 DIOXIN -UNADJUSTED 

1987 DioxinCategory SUlIlbJaryStaiiStics Analysis Results for _L<!g, (1987 Dioxin + I) 

I- 1987 Number(%) EslinJated-Relative Risk - --- --
" Dioxin n Yos (9S%CJ.)' p.Value 

Low 286 73 (25.5) 1.10 (1.00,1.22) 0.055 
Medium 285 76 (26.7) 
High 288 97 (33.7) 

, Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = ~ 7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h)~()DEL 4: RANCll llANDS -1987DI()XIN-ADJUSTED 

n 

853 

Analysis ResultsforL<!g,(l987~oxin+ 1) 

AdjuSted IRe1ativeRlsk 
(9S%C:r.)'-

1.11 (0.99,1.25) 

'Relative risk for a twofold increase in 1987 dioxin. 

p-Value 

0.077 

The unadjusted Model 2 analysis did not reveal a significant association between initial dioxin and other 
liver disorders (Table 13-9( c): p=0.119). After adjusting for covariates, the results became significant 
(Table 13-9(d): Adj. RR=1.23, p=O.022). The percentages of other liver disorders in the low, medium, 
and high initial dioxin categories were 24.5, 32.7, and 34.4, respectively. 

The unadjusted Model 3 analysis of other liver disorders revealed significant differences between Ranch 
Hands in the high dioxin category and Comparisons, as well as between Ranch Hands in the low and high 
dioxin categories combined and Comparisons (Table 13-9(e): Est. RR=1.49, p=O.009; Est. RR=1.28, 
p=0.042, respectively). The same contrasts were significant after adjusting for covariates (Table 13-9(f): 
Adj. RR=1.52, p=O.OO9, for Ranch Hands in the high dioxin category versus Comparisons; Adj. RR=I.27, 
p=0.055, for Ranch Hands in the low and high dioxin categories combined versus Comparisons). The 
percentages of other liver disorders among Ranch Hands in the high dioxin category, Ranch Hands in the 
low and high dioxin categories combined, and Comparisons were 34.2, 30.6, and 24.9, respectively. 

Both the unadjusted and adjusted Model 4 analyses revealed marginally significant positive associations 
between 1987 dioxin and other liver disorders (Table 13-9(g,h): Est. RR=I.10, p=0.055; Adj. RR=I.11, 
p=O.077, respectively). The percentages of other liver disorders in the low, medium, and high 1987 
dioxin categories were 25.5, 26.7, and 33.7, respectively. 

13.2:2.2 Physical Examination Variables 

13.2:2.2.1 Current Hepatomegaly 

All unadjusted and adjusted analyses of current hepatomegaly, as assessed by a physician at the 1997 
physical examination, were nonsignificant for Models 1 through 4 (Table 13-10: p>O.10 for each 
analysis). 
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Table 13-10. Analysis of Current Hepatomegaly 

(.a) MODEL 1: RANCH HANDS VS. COMPARISONS -UNADJUSTED 

Occupational 
Category Group 

All Ranch Hand 
Comparison 

Officer Ranch Hand 
Comparison 

Enlisted Flyer Ranch Hand 
Comparison 

Enlisted Ranch Hand 
Groundcrew Comparison 

n 

860 
1,231 

340 
490 

150 
185 

370 
556 

Number(%) 
Yes 

10 (l.2) 
7 (0.6) 

4 (1.2) 
2 (004) 

2 (1.3) 
0(0.0) 

4 (1.1) 
5 (0.9) 

Est. ReJlp,tlve Risk 
(95% C.I.) 

2.06 (0. 78,5.43) 

2.90 (0.53,15.95) 

1.20 (0.32,4.51) 

p-Value 
0.141 

0.220 

0.389' 

0.783 

a P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with current hepatomegaly. 
--: Results not presented because of the sparse number of participants with current hepatomegaly. 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

O<:<:ll!>atlonalCategory . 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

Adjusted Relative RIsk 
(9S%C.P· 

2.13 (0.80,5.67) 

3.17 (0.57,17.56) 

1.18 (0.31,4.51) 

p-Value 

0.127 

0.187 

0.805 

--: Results not presented because of the sparse number of participants with current hepatomegaly. 

Note: Results are not adjusted for race because of the sparse number of participants with current hepatomegaly. 

(c)MODEL~:RAN~!l~~~~-INn:~I:DIOX1N -UNADJUSTJl!~" ...•. .......... .... . .. . 

........ · .. IDi\ifd!DiOJljnca .... ~i'Y:sulDJlUlryS#tiStics ...• '. •...•. :., .... '~ysi$ ROS\dIs·torl,og,(IriltialDioxln)' 

. Initial .... . ." N~(%)..EiitiiilaledRelativeRlsk .•. 
DlOJIin n '.' .' ·..Yes . (95% C.I,)" ". . . 

Low 
Medium 
High 

158 3 (1.9) 0.69 (0.36,1.31) 
159 3 (1.9) 
160 1 (0.6) 

, Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS -INITIAL DIOXIN - ADJUSTED 

n 

474 

AnalysisResulIs for.Log,. (Initial Dioxin) 

Adjusted.Relative· Risk 
(95% C.I.)' 

0.66 (0.30,1.45) 

'Relative risk for a twofold increase in initial dioxin. 

Il"Value 
0.279 

p-Value 

0.223 

Note: Results are not adjusted for race because of the sparse number of participants with current hepatomegaly. 
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Table 13-10. Analysis of Current Hepatomegaly (Continued) 

(e) MODEL 3: RANCH HANDS AND COMl>ARISONS BY DIO:x1N CATEGORY - uNADJUSTED 

Dioxin Category 

Comparison 

Background RH 
LowRH 
Hi~h RH 
Low plus High RH 

n 

1,194 

376 
236 
241 
477 

Number(%) 
Yes 

7 (0.6) 

3 (0.8) 
3 (1.3) 
4 (1.7) 
7 (1.5) 

Est. Relative .Risk 
(95% C.l.)" 

1.53 (0.39,5.99) 
2.10 (0.54,8.23) 
2.58 (0.74,8.97) 
2.33 (0.80,6.76) 

, Relati ve risk and confidence interval relati ve to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin s: 10 ppt. 
Background (Ranch Hand): 1987 Dioxin s: 10 ppt. 

I Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin s: 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

p-Value 

0.543 
0.284 
0.136 
0.119 

(t) \'-fODEL 3: RANCH HANDS AND COMPARISONS BY DI(lKINCATEGORY - ADJUSTED 

Adjusted Relative RIsk 
Dioxin Category n (95%C.I.)a 

Comparison 1,193 

Background RH 374 1.64 (0040,6.69) 
LowRH 235 2.26 (0.57,9.01) 
HighRH 239 2.62 (0.70,9.84) 
Low plus High RH 474 2.44 (0.82,7.24) 

'Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin s: 10 ppt. 
Background (Ranch Hand): 1987 Dioxin s: 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin s: 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

p-Value 

00489 
0.247 
0.154 
0.109 

Results are not adjusted for race because of the sparse number of participants with current hepatomegaly. 

(g) MODEL 4: RANCH HANDS- 1987 DIOXIN - ONADJUSTED ... 

Analysis Resu\1$ tor LQgz (1987 Dioxin + 1) 

1987 Number.(%) .. Estimated Rdatlve RIsk .... . .. 
'Dioxin ... .11 Yes· .. (95%C,I,)" . p-Value 

Low 283 3 (1.1) 1.04 (0.69,1.58) 0.853 

Medium 285 3 (1.1) 
High 285 4 (104) 

'Rel'alive risk for a twofold increase in 1987 dioxin. 

Note: Low = S:7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 13-10. Analysis of Current Hepatomegaly (Continued) 

(b) MODEL.4: RANCH HANDS -1987 DIOXIN - ADJUSTED 

n 

848 

Analysis Results for Log, (1987 Dioxin + 1) 

Adjusted Relative Risk 
(9S%CJ.)· 

1.05 (0.64,1.74) 

, Relative risk for a twofold increase in 1987 dioxin. 

p-Value 

0.838 

Note: Results are not adjusted for race because of the sparse number of participants with current hepatomegaly. 

13.2.2.3 Laboratory Examination Variables 

13.2.2.3.1 AST (Continuous) 

Model I showed no significant difference in mean AST levels between Ranch Hands and Comparisons in 
either the unadjnsted or adjusted analysis (Table 13-11(a,b): p>O.44 for all contrasts). The unadjusted 
and adjusted analyses for Model 2 did not reveal any significant relations between initial dioxin and AST 
levels (Table 13-11(c,d): p>0.49 in both analyses). 

Tllble 13-11. Analysis of AST (UlI) (Continuous) 

(a) MODEL 1: RANCHHANDSVS. COMPARISONS -UNADJUSTED 

Occupational Dlffereme of Means 
Category Group n Mean- (95% C.L)" p-Value' 

All Ranch Hand 859 23.01 0.13 -- 0.705 
Comparison 1,231 22.88 

Officer Ranch Hand 340 23.40 0.06 -- 0.914 
Comparison 490 23.34 

Enlisted Flyer Ranch Hand 150 22.17 -0.32 -- 0.696 
Comparison 185 22.48 

Enlisted Ranch Hand 369 22.99 0.39 -- 0.447 
Groundcrew Comparison 556 22.60 

, Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
, P-value is based on difference of means on natural logarithm scale. 
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Table 13-11. Analysis of AST (UII) (Continuous) (Continued) 

(b)iMODEL 1: . RANCH HANDSVS. COMPAR.ISONS .,.ADJUSTED 
, 

Occupational Difference of. Adj. Means 
Category Group n Adj. Mean' {95% C;I.)b p-Value' 

All Ranch Hand 854 23.36 0.18 -- 0.597 
Comparison 1,229 23.17 

Officer Ranch Hand 340 23.88 0.08 .. 0.885 
Comparison 489 23.80 

Enlisted Flyer Ranch Hand 148 22.79 -{).09 -- 0.916 
Comparison 184 22.87 

Enlisted Groundcrew Ranch Hand 366 23.32 0.37 -- 0.470 
Comparison 556 22.95 

, Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
, P-~alue is based on difference of means on natural logarithm scale. 

(c) MODEL 2: RANCH HANDS -'INITIAL DIOXIN - UNADJUS'I'ED . 

.• l",tialDioJdn Category SonimaryStatistics·· . ... . •......• AnalysisResuitsCorLog.{I!lItiaIDioxln)" 

ll\itial',l)ll)l<ln . " Mean' Adj. Mean" 

Low 158 23.39 23.50 0.011 
Medium 159 23.71 23.72 
High 159 23.43 23.32 

• Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Slope 
(Std;Error)' 

0.003 (0.012) 

, Slope and standard error based on natural logarithm of AST versus log, (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

~tial Dioxin 
Low 
Medium 
High 

158 
158 
157 

:Adj.Mean· 
24.'76 
25.53 
24.99 

• Transformed from natural logarithm scale. 

0.057 0.010 (0.014) 

b Slope and standard error based on natural logarithm of AST versus log, (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 PPt. 
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p-Value 

0.813 

p-Vahie 

0.493 
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Table 13-11. Analysis of AST (UlI) (Continuous) (Continued) 

(oj MODEL 3: RANCH HANDs AND COMPAJUSONSBY. DIOXIN CAl'EGOJtY - UNADJUSl'ED 

Difference of Adj. Meon 

Dioxin Calolgory n Mean- Adj. Mean'" 
'So Comparisons 

(95% C.l.)' p-Valued 

Comparison 1,194 22.85 22.84 

Background RH 376 22.34 22.54 -0.30 -- 0.501 
LowRH 236 23.45 23.39 0.55 -- 0.306 
HighRH 240 23.56 23.36 0.52 -- 0.334 
Low plus High RH 476 23.51 23.37 0.53 -- 0.193 

• Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
e Difference of means after transformation to original scale; confidence interval on diffemnce of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin" 10 ppt. 
Background (Ranch Hand): 1987 Dioxin" 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin" 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONSBYDIOPNCATEGOR¥- ADJUSTED 

Difference of Adj. Mean 
... Comparisons 

DioxIn Calolgory n Adj.M~'" (95% C.I.)· p-Value' 

C:omparison 1,193 23.23 

Background RH 374 22.76 -0.47 -- 0.305 
LowRH 235 23.93 0.70 -- 0.207 
HighRH 238 24.17 0.94 -- 0.100 
Low plus High RH 473 24.05 0.82 -- 0.055 

• Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
'P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin" 10 ppt. 
Background (Ranch Hand): 1987 Dioxin" 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin" 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

(g) MODEL 4: RANCH HANDS;"1987 DIOXIN - UNADJUSTED 

. Analysis Results for Log,(1987 DiOxin +1) 

1987 Dioxin 

Low 
Medium 

High 

D 

283 
285 

284 

22.29 
23.30 

23.38 

• Transformed from natural logarithm scale. 

.'. .... 
R' 

0.005 

Adjusted S10r 
(Std. Error) 

0.017 (0.008) 

b Slope and standard error based on natural logarithm of AST versus log, (1987 dioxin + 1). 

Note: Low = "7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 13-11. Analysis of AST (UlI) (Continuous) (Continued) 

(hY:MODEL 4: RANCH HANDS - 1987. DIOXIN - ADJUSl'ED 

1987 Dioxin Category SUrrunaryStalislics Analysis Results CorLo!!: (1987 Dioxin + 1) 

. 1987 
, Dioxin n Adj. Mean' 

Low 283 22.72 
Medium 283 24.06 
High 281 24.66 

, Transformed from natural logarithm scale. 

0.036 

AdjUsted Sio 
(Std. Error)f:' 

0.Q28 (0.009) 

b Slope and standard error based on natural logarithm of AST versus log, (1987 dioxin + I). 

Note: Low = ~7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

p.Vallle 

0.002 

The Model 3 unadjusted analysis of AST showed no significant difference between any of the Ranch 
Hand categories and the Comparison group (Table 13-II(e): p>0.19 for all contrasts). After covariate 
adjustment, a marginally significant difference between the mean AST of Ranch Hands in the high dioxin 
category and the Comparison mean was revealed (Table 13-11(1): difference of adjusted means=0.94 Uti, 
p=O.JOO). The adjusted mean levels of AST for Ranch Hands in the high dioxin category and the 
Comparison group were 24.17 Uti and 23.23 Uti, respectively. A marginally significant difference 
between Ranch Hands in the low and high dioxin categories combined and the Comparisons also was 
seen after covariate adjustment (Table 13-11(1): difference of adjusted means=O.82 un; p=0.055). The 
adjusted mean levels of AST for Ranch Hands in the low and high dioxin categories combined and the 
COn1parison group were 24.05 un and 23.23 un, respectively. 

In Model 4, the unadjusted analysis found a significant positive association between AST in its 
continuous form and 1987 dioxin levels (Table 13-II(g): slope=O.017, p=0.033). The adjusted Model 4 
analysis revealed a significant association between AST levels and 1987 dioxin levels (Table 13-11 (h): 
adju$ted slope=O.028, p=0.OO2). The adjusted mean AST levels in the low, medium, and high 1987 
dioxin categories were 22.72 Uti, 24.06 un, and 24.66 Uti, respectively. 

13.2.2.3.2 AST (Discrete) 

The unadjusted and adjusted Model I analyses did not show a significant group difference in the 
percentage of individuals with high AST levels (Table 13-12(a,b): p>O.25 for all contrasts). 

Table 13-12. Analysis of AST (Discrete) 

~palioDal 
Category 

All . 

Officer 

Enlisted Flyer 

Enlisted 
Groundcrew 

Group 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

n 

859 
1,231 

340 
490 

150 
185 

369 
556 

Number ('Il» 
Jfigb 

63 (7.3) 
82 (6.7) 

24 (7.1) 
32 (6.5) 

10 (6.7) 
16 (8.6) 

29 (7.9) 
34 (6.1) 
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EsLReiative Risk 
(9S'Il> C.L) 

1.11 (0.79,1.56) 

1.09 (0.63,1.88) 

0.75 (0.33,1.72) 

1.31 (0.78,2.19) 

p.Value 

0.552 

0.765 

0.501 

0.304 
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Table 13-12. Analysis of AST (Discrete) (Continued) 

(b) MODEL 1: RANCH HANDS VS. COMPARISONS - ADJUSTED 

Occupational Calegory 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

Adjusted ReiativdUsk 
(9S~ (:;.1.) 

I.14 (0.81,1.61) 

1.09 (0.63,1.89) 
0.84 (0.36,1.92) 
1.35 (0.81,2.28) 

-(~) MODEL 2: RANCH HANDS -lNITJAVDIOXlN -uNADJUSTED 

p-Value 

0.448 

0.763 
0.671 
0.252 

. Initial Dioxin Category SUnUnaryStatistics ····1······ ADalysisltesuIts.for Log, (InltiaIDioxin)' 

Initial Number(~) Estimated Relative rusk 
Dioxin . lImgh . .(95~C;L)· 

Low 158 II (7.0) 1.08 (0.86,1.36) 
Medium 159 20 (12.6) 
Hi~h 159 14 (8.8) 

, Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2: RANCH HANDS -lNITIALDIO~-AD.JUSTED 

. n 

AnalysisResuttsCorx.og,(lnItial Dioxin) 
Adj)lSteciReiativeruSk . 

. (9S%CJ'.), . 

473 1.13 (0.86,1.50) 

a Relative risk for a twofold increase in initial dioxin. 

p-Value 

0.498 

p:Value , " 

0.380 

(e)i\\lODEL 3i RANCH HANDS AND COMPA,lUSI?NSB,Y DIOnN CATEGORY-l.lNAJ)JUSTED 

·NlI!!!1)j>~i~~).i ,-;;,',',;" i~RelatiY~~k . 
.DiI';Kin c.~ry II !11gb (9S,?!>C.I.)'· 

Comparison 1,194 79 (6.6) 

Background RH 376 17 (4.5) 0.72 (0.42,1.24) 
LowRH 236 19 (8.1) 1.21 (0.72,2.04) 
High RH 240 26 (10.8) 1.60 (1.00,2.56) 
Low plus High RH 476 45 (9.5) 1.39 (0.95,2.05) 

, Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin" 10 ppt. 
Background (Ranch Hand): 1987 Dioxin" 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin" 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 
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~Val~. 

0.241 
0.476 
0.051 
0.094 
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Table 13·12. Analysis of AST (Discrete) (Continued) 

(I) )\{ODEL3:RANCH HANDS AND COMPARISONS Bl; DIoxlN.CATEGORY - ADJUSTED 

Adjusted Relati"e Risk 
Dioxin Category n (9S%CJ.)' 

Co/nparison 1,193 

Baykground RH 374 0.70 (0.40,1.22) 
LowRH 235 1.28 (0.75,2.18) 
HighRH 238 1.79 (1.08,2.96) 
LoY" plus High RH 473 1.51 (1.02,2.26) 

'Retative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin $ 10 ppt. 
Background (Ranch Hand): 1987 Dioxin $ 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin $ 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

p-Value 

0.212 
0.360 
0.024 
0.041 

(g).MODEL 4: RANCH8ANDS - 1987 DIOXlN -UNADJUSTED . . 

1987 .' Number(%) 'l!JstImlIUdReiativeRlsk 
,Dioxin )l.. tIIgh. ·····..(9S%C,I.{ p-Value 

Low 283 11 (3.9) 1.26 (1.06,1.48) 0.008 
Medium 285 23 (8.1) 
Hi/th 284 28 (9.9) 

, Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = $7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) [MODEL 4: RANCHHANDS.-1987DIOXlN . ..,.ADJU$;rED. ! ' "n " 

.: .•• :AnalysisRtsuJl$f()!'iLog.(l987'Dio~in + 1) 

. Adj~dRel.!tiveRlsk ... ....... ... .... X9:S%Q;)" .' ... . p.:value n 
847 1.38 (1.12,1.71) 0.002 

a Relative risk for a twofold increase in 1987 dioxin. 

. 

In Model 2, neither the unadjusted nor adjusted analyses showed significant associations between AST 
and initial dioxin (Table 13·12(c,d): p~0.38 for both analyses). 

The ,unadjusted Model 3 analysis of AST in its discrete form revealed two marginally significant 
contrasts: Ranch Hands in the high dioxin category versus Comparisons and Ranch Hands in the low and 
high dioxin categories combined versus Comparisons (Table 13·12( e): Est. RR= 1.60, p=0.051; 
Est. RR=I.39, p=0.094, respectively). Similarly, the adjusted analysis showed a significant difference 
between Ranch Hands in the high dioxin category and Comparisons (Table 13·12(f): Adj. RR=1.79, 
p=Oj024), as well as between the Ranch Hands in the low and high dioxin categories combined and 
Comparisons (Adj. RR=1.51, p=0.041). The percentages of individuals with high levels of AST among 
the Ranch Hands in the high dioxin category, Ranch Hands in the low and high dioxin categories 
combined, and Comparisons were 10.8,9.5, and 6.6, respectively. 
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The unadjusted analysis for Model 4 showed a significant association between AST in its discrete form 
and 1987 dioxin (Table 13-12(g): Est. RR= 1.26, p=0.008}. Similarly, the adjusted analysis revealed 
significant results (Adj. RR=1.38, p=0.002). The percentages of participants with high AST levels in the 
low, medium, and high 1987 dioxin categories were 3.9, 8.1, and 9.9, respectively. 

13.2.2.3.3 ALT (Continuous) 

All Modell and 2 analyses of ALT in its continuous form showed nonsignificant results (Table 13-13(a-d): 
p>0.19 for each analysis}. 

Table 13-13. Analysis of ALT (UII) (Continuous) 

(a) MODEL 1:. RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational 
Categ9ry 

All 

Officer 

Ranch Hand 859 
Comparison 1,231 

Ranch Hand 340 
Comparison 490 

Enlisted Flyer Ranch Hand 150 
Comparison 185 

Enlisted Ranch Hand 369 
Groundcrew Comparison 556 

42.58 
42.45 

42.21 
41.79 

41.21 
42.59 

43.50 
42.99 

DifferenCe ofl\lleans 
(95%C.L)b 

0.13 --

0.42 --

-1.38 --

0.51 --

p-Vl!Iue' 
0.803 

0.613 

0.290 

0.537 

, Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
, P-value is based on difference of means on natural logarithm scale. 

(Il) MODEL 1: RANCHJHANDS VS. c:OMPARlSONS - ADJUSTml 

Occupational 
Calegory Group n Adj. Mean' 

Dlfferen.eof Adj. Means 
(95% C.L)· .p-Vl!Iue' 

All Ranch Hand 854 42.29 0.20·- 0.707 
Comparison 1,229 42.09 

Officer Ranch Hand 340 42.75 0.61 -- 0.460 
Comparison 489 42.14 

Enlisted Flyer Ranch Hand 148 41.72 -1.12 -- 0.386 
Comparison 184 42.84 

Enlisted Ranch Hand 366 41.96 0.30 -- 0.698 
Groundcrew Comparison 556 41.66 

, Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
, P-value is based on difference of means on natural logarithm scale. 
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Table 13-13. Analysis of AL T (UlI) (Continuous) (Continued) 

(c) MODEL 2: RANCH HANDS -lNrrI.AL DIOXIN - uNADJUSTED . . 

Initial Dioxin Cl\~ory Summary Statistics AIIalysis Results for ~(lliitiaiDioxin)' 
---

Initial Dio~in n Mean' . Adj. Meao" R' 
Low 158 42.39 42.65 0.036 
Medium 159 44.97 45.00 
High 159 45.02 44.72 

• Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Slope 
(SId.llrror)' 

0.013 (0.010) 

. 

p-Value 

0.199 

, Slope and standard error based on natural logarithm of AL T versus log, (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) ;MODELl: RANCH HANDS -lNrrI.ALDlOXIN - ADJUSTED 

Analy$is Results for Log, (lnItiai Dioxin) .. 
, --:-c:- , 

Initial Dioxin 'n Adj. Mean' 

Low 
Medium 
Hi~h 

158 
158 
157 

44.34 
47.03 
46.08 

. 

. 

Adj. Slope . .. . .. 
(SId.Error)' p-Val"" 

0.094 0.011 (0.012) 0.357 

• Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of ALT versus log, (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = > 152 ppt. 

(e) l\10DE£ 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATE!IDRY __ uNADJUSTED . 

DlfftrllJl« orAdj.M~ 
, vs. ComParisons 
j DioxjnCa~~ry n Mean' ~dj.M.I\I1'· (95% C.L)' p-Valued 

Comparison 1,194 42.41 42.37 

Baokground RH 376 40.74 41.32 -1.05 -- 0.129 
LowRH 236 43.32 43.14 0.77 -- 0.368 
HighRH 240 44.91 44.27 1.90 -- 0.027 
Low plus High RH 476 44.12 43.71 1.34 -- 0.041 

• Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

. 

e Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin ~ 10 ppt. 
Background (Ranch Hand): 1987 Dioxin ~ 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin ~ 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 
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Table 13-13. Analysis of ALT (UlI) (Continuous) (Continued) 

(f)MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CA TEOORY - ADJUSTED 

Difference oC A(lj. Mean 

Dioxin Category n Adj. Mean' 
v .. Comparisons 

(95% C.I.)" p-Value' 
Comparison 1,193 42,21 

Background RH 374 41.31 -0.90 -- 0.192 
lLowRH 235 43.65 1.44 -- 0.084 
High RH 238 43.62 1.41 -- 0.098 
Low plus High RH 473 43.63 1.42 -- 0.026 

• Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
, P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin"; 10 ppt. 
Background (Ranch Hand): 1987 Dioxin"; 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin"; 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

(g) MODEL 4: RANCH HANDS -1987DlOXIN _.UNADJUSTED 

19871)j~in CalegorySqmmarySlatistles . AnaIysisResults Cor Log, (1987 Dioxin +1) 

1987 Dioxin n .. Mean-
Low 283 41.17 
Medium 285 41.87 
High 284 44.82 

• Transformed from natural logarithm scale. 

R' 
0.023 

. 
Adjusted SIO~ 

(Std. Error) 

0.029 (0.007) 

b Slope and standard error based on natural logarithm of ALT versus log, (1987 dioxin + I). 

Note: Low = g.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

p-Value 

<0.001 

(h) MODEL 4: ·RANCRHANDS '-1987D10XIN-ADJUSTED... ". . .' 

1.987 ...... .. '. . ..•. •. Adj~tedSIO~ 

Dioxin n Adj. Mean" R' (Std. Erro!') 
Low 
Medium 
High 

283 40.98 0.079 0.033 (0.007) 
283 42.50 
281 45.28 

• Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of ALT versus log, (1987 dioxin + I). 

Note: Low = ";7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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p-VlIlue 

<0.001 
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The unadjusted Model 3 analysis of ALT revealed two significant contrasts: Ranch Hands in the high ) 
dioxin category versus Comparisons and Ranch Hands in the low and high dioxin categories combined \ ... 
versus Comparisons (Table 13-13(e): difference of means=1 .90 VII, p=0.027; difference of means=I.34 
VII, p=0.041, respectively). 

After covariate adjustment, the Model 3 analysis of ALT revealed marginally significant differences 
between the adjusted mean of Ranch Hands in the low dioxin category and the Comparison adjusted mean 
(Table 13-13(f): difference of adjusted means=IA4 VII, p=0.084) and between the adjusted mean of 
Ranch Hands in the high dioxin category and the Comparison adjusted mean (difference of adjusted 
means=1.41 VII, p=0.098). Ranch Hands in the low and high dioxin categories combined also were 
significantly different from the Comparisons in the adjusted analysis (difference of adjusted means=1.42 
VII,p=O.026). Ranch Hands in the low and high dioxin categories combined had higher mean AL T levels 
(43.65 VII and 43.62 VII) than did the Comparisons (42.21 VII). 

The unadjusted and adjusted analyses for Model 4 each showed significant positive associations between 
ALT in its continuous form and 1987 dioxin (Table 13-13(g,h): slope=0:029, p<O.OOI, unadjusted; 
slope=0.033, p<O.OOl, adjusted). The adjusted mean ALT levels in the low, medium, and high 1987 
dioxin categories were 40.98 VII, 42.50 VII, and 45.28 VII, respectively. 

13.2.2.3.4 ALT (Discrete) 

The Model I analyses of AL T in its discrete form revealed no significant differences between Ranch 
Hands and Comparisons when examined across all occupations and within each occupation (Table 
13-14(a,b): p>O.13 for each contrast). 

Table 13-14. Analysis of ALT (Discrete) 

(a)!"IODEL 1: RANCH HANDS VS. COMPARISONS -UNADJUSTED 

~pati~nal Number(%) 
Category . Group 'n High' 

All Ranch Hand 859 68 (7.9) 
Comparison 1,231 87 (7.1) 

Officer Ranch Hand 340 23 (6.8) 
Comparison 490 22 (4.5) 

EnIlsted Flyer Ranch Hand 150 15 (10.0) 
Comparison 185 19 (10.3) 

Enlisted Ranch Hand 369 30 (8.1) 
Groundcrew Comparison 556 46 (8.3) 

(b) MODEL h RANCH HANDS VS. COMPARISONS - .t\DJUSTED 

Occupational Category 

All 

Officer 
Enlisted Flyer 
EnUsted Groundcrew 

Acljusted Relative Risk 
(95% CJ.) 

1.12 (0.80,1.57) 

1.58 (0.86,2.89) 
0.97 (0.46.2.01) 
0.97 (0.60,1.57) 
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Est.'Relative RIsk 
(95%'G.I;)·' > 

1.13 (0.81,1.57) 

1.54 (0.85,2.82) 

0.97 (0.48,1.98) 

0.98 (0.61,1.59) 

p-Value 

0.495 

0.\38 
0.927 
0.889 

'J>'Value 
0.468 

0.157 

0.935 

0.938 

,) 
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Tllble 13·14. Analysis of AL T (Discrete) (Continued) 

(e) MODEL 2:· RANCH HANDS -INITIAL DIOXIN - UNADJUSTED.· . 

Inftial Dioxin CategorySummary Statistics Analy~is It ... ults tor lAg. (InitiulDioxin)· 

Initial Number (%) 
Dioxin n High 

Low 158 10 (6.3) 
Medium 159 21 (13.2) 
Hi~h 159 19 (11.9) 

Estimated Relative Risk 
(9S%C.I.)· 

1.17 (0.95,1.45) 

, Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL 2:. RANCH HANDS -lNITIAL.mOXIN - ADJUSTED 

AnalysisRe.u1ts rorLog, (Initial Dioxin) . 

n 
Adj ... ~ RclativeRisk 

. (9S%C.L)' 

473 1.32 (1.00,1.73) 

a Relative risk for a twofold increase in initial dioxin. 

p-Vulue 

0.140 

p-Value 

0.049 

(e)M. ·.Ol>EL.3:RAN.CHHANDSANDCOMP~RISONSBYDIOXINCATEGO .. RY.-UNADJU. STED , ' ,- ,,- ,,', .. ,,' -: -', - ,- - - --

Number(%) Est. Relative RiSk . 
Dioxin category .. Hip . ·(~%C.L)" 

Comparison 1,194 85 (7.1) 

Background RH 376 17 (4.5) 0.67 (0.39,1.15) 
LowRH 236 20 (8.5) 1.18 (0.71,1.97) 
HighRH 240 30 (12.5) 1.74 (1.11,2.71) 
Low plus High RH 476 50 (10.5) 1.43 (0.99,2.08) 

• Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin :5 IO ppt. 
Background (Ranch Hand): 1987 Dioxin :5 IO ppt. 
Low (Ranch Hand): 1987 Dioxin> IO ppt, 10 ppt < Initial Dioxin :5 94 ppt. 
High (Ranch Hand): 1987 Dioxin> IO ppt, Initial Dioxin> 94 ppt. 

p-Value 

0.145 
0.522 
O.ot5 
0.058 

(If) MODEL 3: IL\NCHHANDs AND COMPA~ONSBYDIOXIN.CA TEGORY - ADJUSTED 

• ·~()xincategory 
. Adjusted Relative Risk 

n ,(95%C.t.)' 

Comparison 1,193 

Background RH 374 0.71 (0.41,1.23) 
LowRH 235 1.30 (0.77,2.18) 
High RH 238 1.53 (0.95,2.45) 
Low plus High RH 473 1.41 (0.96,2.07) 

• Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin :5 IO ppt. 
Background (Ranch Hand): 1987 Dioxin :5 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> IO ppt, IO ppt < Initial Dioxin :5 94 ppt. 
High (Ranch Hand): 1987 Dioxin> IO ppt, Initial Dioxin> 94 ppt. 
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.p'Value 

0.223 
0.323 
0.080 
0.079 
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Table 13-14. Analysis of AL T (Discrete) (Continued) 

(g) MODEL 4: RANCH HANDS - 1987 DIOXIN - UNADJUSTED '. . '. . 

19871>1 .. ,,10 Catef;ory Summary Statlsjic:s Analy!!is Results for Log, (1987 Dioxin + 1) 

1987 Number (%) 
, Dioxin n High 

Low 283 15 (5.3) 
Medium 285 18 (6.3) 
High 284 34 (12.0) 

'Relative risk for a twofold increase in 1987 dioxin. 

EstImatedBeJative Risk 
(95% C,I.)· 

1.33 (1.13,1.56) 

Note: Low = ",7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(b) ii\{ODEL 4:'RA.NCH llANDS - 1987.DIOXIN - ADJUSTED 

847 

Analysis Results for Logz (1981 Dioxin + 1) 

Adjusted Relative Risk 
(9S%C.I.)' 

1.48 (1.20,1.83) 

• Relative risk for a twofold increase in 1987 dioxin. 

po-VaJue 
0.001 

po-YaJue 
<0.001 

. 

The ,association between initial dioxin and AL T examined in the unadjusted Model 2 analysis revealed 
nonsignificant results (Table 13-14( c): p=0.140). After covariate adjustment, a significant association 
was ,revealed (Table 13-14(d): Adj. RR=I.32, p=0.049). The percentages of high ALT levels in the low, 
medium, and high initial dioxin categories were 6.3, 13.2, and 11.9, respectively. 

The unadjusted Model 3 analysis of ALT in its discrete form revealed two significant contrasts: Ranch 
Hands in the high dioxin category versus Comparisons and Ranch Hands in the low and high dioxin 
categories combined versus Comparisons (Table 13-14(e): Est. RR=1.74, p=O.OIS; Est. RR=1.43, 
p=0.OS8, respectively). The percentages of individuals with high ALT levels among Ranch Hands in the 
high dioxin category, Ranch Hands in the low and high dioxin categories combined, and Comparisons 
were 12.S, 10.S, and 7.1, respectively. The same two contrasts were marginally significant after adjusting 
for covariates (Table 13-14(f): Adj. RR=I.S3, p=0.080; Adj. RR=1.41, p=0.079). 

The Model 4 unadjusted and adjusted analyses each revealed a significant association betweeu 1987 
dioxin and ALT in its discrete form (Table 13-14(g,h): Est. RR=1.33, p=O.OOI; Adj. RR=1.48, p<O.OOI). 
The 'percentages of participants with high AL T values in the low, medium, and high 1987 dioxin 
categories were 5.3,6.3, and 12.0, respectively. 

13.22.3.5 GGT(Continuous) 

All analysis results from Models I and 2 of GGT were nonsignificant (Table 13-IS(a--<l): p>0.22 for each 
analysis). The unadjusted Model 3 analysis of GGT revealed significant differences between Ranch 
Hands in the high dioxin category and Comparisons, as well as between Ranch Hands in the low and high 
dioxin categories combined and Comparisons (Table 13-IS(e): difference ofmeans=S.l7 UII, p=0.OO3; 
difference of means=3.46 UII, p=0.OO7, respectively). The same contrasts were significant after adjusting 
for oovariates (Table 13-15(f): difference of adjusted means=5.00 UII, p=0.OO6, for Ranch Hands in the 
high dioxin category versus Comparisons; difference of adjusted means=3.71 UII, p=0.OO6, for Ranch 
Hands in the low and high dioxin categories combined versus Comparisons). The adjusted mean GGT 
levels for Ranch Hands in the high dioxin category, Ranch Hands in the low and high dioxin categories 
combined, and Comparisons were 50.40 UII, 49.11 UII, and 45.40 UII, respectively. 
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A significant association was revealed between GGT and 1987 dioxin in the Model 4 unadjusted analysis 
(Table 13-15(g): slope=0.040, p=0.OO2). Similarly, the adjusted aualysis found a significant association 
be,tween GGT levels and 1987 dioxin (Table i3-15(h): adjusted slope=0.042, p=0.OO3). The adjusted 
mean GGT levels were 42.89 uti for the low dioxin category, 45.65 UII for the medium dioxin category, 
and 50.85 UII for the high dioxin category. 

Tlible 13-15. Analysis of GGT (U/I) (Continuous) 

(a) MODELl!, RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Oeeupallonal 
Category 

AJI 

Officer 

Enlisted Flyer 

.Group 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

Ranch Hand 
Comparison 

n 

859 
1,231 

340 
490 

150 
185 

Mean" 
43.62 
'42.61 

42.32 
40.74 

44.45 
45.29 

Differenee .ofMeans 
(95% C.I.)" 

1.01 --

1.57 --

-0.84 --

,,",Value' 

0.340 

0.332 

0.758 

Enlisted Ranch Hand 369 44.52 1.09 -- 0.506 
Groundcrew Comparison 556 43.44 

• Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
C P-value is based on difference of means on natural logarithm scale. 

(b) MODEL 1:. RANCH HANDS VS. COMJ.'ARlSONS - ADJUSTED 

Ocrupational 
GrouP. 

Differenee of AdJ.Me811S 
Category n Adj. Meana '(95% C.I.)' ,,",Value' 

A.ll Ranch Hand 854 46.80 1.33·- 0.223 
Comparison 1,229 45.47 

Officer Ranch Hand 340 45.24 1.62 -- 0.331 
Comparison 489 43.62 

Enlisted Flyer Ranch Hand 148 48.28 0.62 -- 0.826 
Comparison 184 47.66 

Enlisted Ranch Hand 366 46.67 1.28 -- 0.439 
Groundcrew Comparison 556 45.39 

• Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
pmsented because analysis was performed on natural logarithm scale. 
, P'-value is based on difference of means on natural logarithm scale. 
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Table 13-15. Analysis of GGT (UlI) (Continuous) (Continued) 

(c)IMODEL 2::RANCl!:HANJ)S - INITIAL DIOXIN - UNADJUSTED . . .' .... 

: Initial Dioxin Category SunuDary St4dstics~ysis ResUlts for Log, (IDlti8i DioxIn)' 
, 

Illitial Di9xin n Mean' Adj. Mean" Ii' . 

Low 158 43.87 44.19 0.013 
Medium 159 48.89 48.92 

HiW' 159 46.22 45.86 

• Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Slope. 
(Std.li:rror)' 

0.004 (0.019) 

e Slope and standard error based on natural logarithm of OOT versus log, (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d)IMODEL 2: RANCH HANDS - INITIAL DIOXIN -ADJUSTED 
'.' . 

p-Value 
0.823 

, . ",' 
IrIlti.a1Dioxin Category~ummary Statistics . ·,'.AnalysisResults for Log, (lllltI8IDiIlxip) . 

IriitiaiDioxin 
. '.' , .. ,. '. AdJ. Slope' '..' 

R' ..... (Std •. Error)' p-Value 

.... ..' 

Low 
Medium 
Hillh 

158 
158 
157 

48.46 
52.52 
50.18 

0.097 0.008 (0.022) 0.709 

• Transformed from natural logarithm scale. 
b Slope and standard error based on nalUrallogarithm of OOT versus log, (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = > 152 ppt. 

\""» 
DifferenreofAdj.Mean· 

vs.COmpaiisODS 
Dloli<in Category n Mean' '. Adj.Meanob (9S%C;U p-Valued 

Comparison 1,194 42.26 42.21 

Background RH 376 39.99 40.81 -1.40-- 0.296 
LowRH 236 44.27 43.99 1.78 -- 0.283 
HighRH 240 48.36 47.38 5.17 -- 0.003 
Low plus High RH 476 46.29 45.67 3.46 -- 0.007 

, Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
e Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin:> \0 ppt. 
Background (Ranch Hand): 1987 Dioxin:> 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> \0 ppt, \0 ppt < Initial Dioxin:> 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 
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Table 13-15. Analysis of GGT (UlI) (Continuous) (Continued) 

(0 MODEL 3:. RANCH HANDS AND COMPARISONS BY D.IOXIN CATEGORY - ADJUSTED 

Difference of Adj. Mean 
vs. Comparisons 

Dioxin Category n Adj. Mean' (95% C.I.)· p-Value' 
Comparison 1,193 45.40 

Background RH 374 44.67 -0.73 -- 0.606 
LowRH 235 47.84 2.43 -- 0.159 
HighRH 238 50.40 5.00 -- 0.006 
Low plus High RH 473 49.11 3.71 -- 0.006 

, Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
, P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin:> 10 ppt. 
Background (Ranch Hand): 1987 Dioxin:> 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin:> 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

(g) MODEL 4:RANCHHANDS -1987 DIOXIN -UNADJUSTED .. ' 

1987 Di.oxin Category Sununary Sta~slics . Analysis Results forLogz (1987 Dioxin +1) 

1987 Dioxln n :Mean-
Low 283 40.35 
Medium 285 42.53 
High 284 47.59 

, Transformed from natural logarithm scale. 

R' 
0.012 

AdjUsted SIO\!" 
(Std. Error) 

0.040 (0.013) 

b Slope and standard error based on natural logarithm of OOT versus log, (1987 dioxin + 1). 

Note: Low = :>7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(b) MODEL 4: RANCH HANDS-1937DIOXIN -ADJUSTED 

p-VaJue 

0.002 

'. 1987 J)lo"i",c..t~ory SuuunaryStatistlcs . I .. . . ...... Analysis Results for Log, (19871>\0xln + 1) 
1987 ... ...•. ...•. Adjusted SlO\!" 

Dioxin.· n Adj. Mean' . R'. (Std;~rror). p-Value 

Low 
Medium 
High 

283 42.89 0.103 0.042 (0.014) 0.003 
283 45.65 
281 50.85 

, Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of OOT versus log, (1987 dioxin + 1). 

Note: Low = :>7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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13.2.2.3.6 OOT (Discrete) 

The unadjusted and adjusted analysis results for Models 1 and 2 showed no significant results (Table 
13-16(a-d): p~0.31 for each analysis). 

A marginally significant difference between Ranch Hands in the low and high dioxin categories combined 
and Comparisons was revealed in both the unadjusted and adjusted Model 3 analyses (Table 13-16(e,f): 
Est. RR= 1.33, p=0.094, for the unadjusted analysis; Adj. RR= 1.38, p=O.065, for the adjusted analysis). 
The percentage of abnormal GGT values among Ranch Hands in the low and high dioxin categories 
combined was 13.0 versus 9.8 among the Comparisons. 

Table 13-16. Analysis of GGT (Discrete) 

(a) MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

<XcupationaI Nu~r(%) 
Category Group 0 ~gh 

All Ranch Hand 859 89 (10.4) 
Comparison 1,231 124 (10.1) 

Officer Ranch Hand 340 31 (9.1) 
Comparison 490 37 (7.6) 

Enlisted Flyer Ranch Hand 150 23 (15.3) 
Comparison 185 25 (13.5) 

Enlisted Ranch Hand 369 35 (9.5) 
Groundcrew Com~arison 556 62 (11.2) 

(b) MODELl: RANCH. HANDS VS. c:OMPARISONS - ADJUSTED 

<XcupationaJ Category 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

Adjusted Roeiative Risk 
(95% <;;1.) 

1.08 (0.80,1.45) 

1.24 (0.75,2.06) 
1.39 (0.73,2.65) 
0.86 (0.55,1.35) 

Est. RelatlveRisk 
(95%(;;L) 

1.03 (0.77,1.38) 

1.23 (0.75,2.02) 

I.I6 (0.63,2.14) 

0.83 (0.54,1.29) 

(c) MODEL 2:RA.NCHHANDS -INITIAL DIOXIN - UNADJUSTED ·r&, '" ',' -___ '::. _ 

poVah.., , 

0.604 

0.399 
0.310 
0.512 

po'Value 

0.831 

0.419 

0.637 

0.419 

.hlltlalDioxio Ca~orYSUIIIlWIryl$t8tiStlc:s ' '. ... . ., 'Analysis .Results torLo.ll: (Initial P!OXbl)' .' . 

Initial. . • NUmber(%) .• ··Esti~ Relative Risk 
,Diilxlno.. .Higb (95% C.L)" poVal"e 

LoW 158 17 (10.8) 1.00 (0.81,1.22) 0.964 
Medium 159 28 (17.6) 
High 159 17 (10.7) 

• Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt: Medium = >63-152 ppt; High = > I 52 ppt. 
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Table 13·16. Analysis of GGT (Discrete) (Continued) 

(d) MODEL 2; RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

n 
473 

Analysis Results for Log, (Initial Dioxin) 

Adjusted Relative Risk 
(95% C;L)' 

1.06 (0.82,1.37) 

a Relative risk for a twofold increase in initial dioxin. 

p-Value 

0.669 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Number(%) F.st.RelatiVeRisk 
Dioxin Category n fijgb (95% C.L)" 

Comparison 1,194 117 (9.8) 

Background RH 376 25 (6.6) 0.70 (0.45,1.10) 
LowRH 236 29 (12.3) 1.27 (0.82,1.96) 
High RH 240 33 (13.8) 1.38 (0.91,2.10) 
Low plus High RH 476 62 (13.0) 1.33 (0.95,1.84) 

'Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin" 10 ppt. 
Background (Ranch Hand): 1987 Dioxin" 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin" 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

p-Value 

0.122 
0.283 
0.127 
0.094 

(f') MODEL 3: RANCH HANDS AND,COMPARISONSBYDIOXIN CATEGORY - ADJUSTED 

Adjusted Relative Risk 
Dioxin Category n (95% CL)' 

Comparison 1,193 

Background RH 374 0.77 (0.48,1.23) 
LowRH 235 1.42 (0.91,2.22) 
HighRH 238 1.35 (0.86,2.11) 
Low plus High RH 473 1.38 (0.98,1.95) 

• Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin" 10 ppt. 
Background (Ranch Hand): 1987 Dioxin" 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin" 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

(g) MODEL 4: RANCH HANDS ... 1987 DIOXIN ... UNADJUSTED - '. '. 

p-Value 

0.273 
0.127 
0.186 
0.065 

Analysis Results for Log, (1987 Dioxin + 1) 

1987 Nulnber(%) 
Dioxin n~gb 

Low 283 21 (7.4) 
Medium 285 27 (9.5) 
High 284 39 (13.7) 

'Relative risk for a twofold increase in 1987 dioxin. 

Estimated Relative Risk 
(95% C,I.)' 

1.17 (1.01,1.35) 

Note: Low = ,,7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 13·16. Analysis of GGT (Discrete) (Continued) 

(h) MODEL 4: RANCH HANDS - 1987 DIOXIN -.ADJPSTED 

n 

847 

Analysis Results for Log, (1987 Dioxin + 1) 

Adjusted Relative Risk 
(95% <;.1.)' 

1.27 (1.05,1.53) 

, Relative risk for a twofold increase in 1987 dioxin. 

p.Value 

0.012 

In Model 4, both unadjusted and adjusted analyses showed significant positive associations with 1987 
dioxin (Table 13-16(g,h): Est. RR=1.17, p=O.034; Adj. RR=1.27, p=O.OI2, respectively). The 
percentages of high GGT levels in the low, medium, and high 1987 dioxin categories were 7.4, 9.5, and 
13.7, respectively. 

13.2.2.3.7 Alkaline Phosphatase (Continuous) 

Both the unadjusted and adjusted Model 1 analyses of alkaline phosphatase revealed significant overall 
group differences (Table 13-17(a,b): difference of means=2.16 UII, p=O.024; difference of adjusted 
means=2.32 UIl, p=0.016). The overall adjusted mean alkaline phosphatase values were 82.77 Ull and 
80.46 Ull for Ranch Hands and Comparisons, respectively. After stratifying by occupation, unadjusted 
and adjusted analyses revealed group differences within the enlisted groundcrew stratum (unadjusted: 
difference of means=3.18 UIl, p=0.030; adjusted: difference of adjusted means=3.43 UIl, p=0.021). 
Within the enlisted groundcrew stratum, the Ranch Hands had an adjusted mean alkaline phosphatase of 
85.11 Ull versus 81.68 UII for the Comparisons. '- ) 

>, •• --' 

Table 13-17. Analysis of Alkaline Phosphatase (UlI) (Continuous) 

(a)iMODELl: RANCHHANDS VS.COMPARISONS - J)NADJUSTED 

~upational 
iCateg9ry ~p . .., .. .:.»~n·'· ,- • ·Dirreren.:e of Mean. 

(95%CL)b p,Value' 

All Ranch Hand 859 81.81 2.16 .. 0.024 
Comparison 1,231 79.65 

Officer Ranch Hand 340 78.44 1.70 -- 0.241 
Comparison 490 76.74 

Enlisted Flyer Ranch Hand 150 83.79 0.34 -- 0.889 
Comparison 185 83.45 

Enlisted Ranch Hand 369 84.22 3.18 .. 0.030 
Gro/undcrew Comparison 556 81.04 

, Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
pres~nted because analysis was performed on natural logarithm scale. 
, P-value is based on difference of means on natural logarithm scale. 
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T,able 13-17. Analysis of Alkaline Phosphatase (UlI) (Continuous) (Continued) 

(b) MODEL 1: RANCH HANDS VS .•. COMPARISONS - ADJUSTti:D 

Occupational 
Category 

All 

Officer 

.Group n 
Ranch Hand 856 
Comparison 1,229 

Ranch Hand 340 
Comparison 489 

Enlisted Flyer Ranch Hand 149 
Comparison 184 

Enlisted Ranch Hand 367 
Groundcrew Comparison 556 

Adj. Mean' 

82.77 
80.46 

78.68 
76.88 

84.06 
83.47 

85.11 
81.68 

Difference of Adj. Means 
(95% C,L)" 

2.32 --

1.80 --

058 --

3.43 --

p-Value' 

0.016 

0.215 

0.81 I 

0.D21 

• Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. . 
, P-value is based on difference of means on natural logarithm scale. 

(c) MODEL 2: RANCH HANDS -INITIAL DIOXIN - UNADJUSTED., . 

Analysis Results for Log, (initlaIDioxin)b 

. ' .. ':'" Slope . 
Initial Dioxin . . n M~n· Adj. Mean" (Std •. Error)' p-Value 

Low 158 81.73 
Medium 159 83.60 
High 159 8051 

• Transformed from natural logarithm scale. 

81.97 
83.63 
80.25 

0.009 

" Adjusted for percent body fat at the time of the blood measurement of dioxin. 

-0.004 (0.009) 

, Slope and standard error based on natural logarithm of alkaline phosphatase versus logz (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = > 152 ppt. 

(el) MODEL2:RANCHHANDS-.INITIAL"DIOXIN - ADJUSTED 
.' 

0.646 

lnltial'DioxinCategorySummaryStalistl!'S .'" •. ': .. ' ., .. AnalysIsResoltsforLog, (iniliall>loxin) 
':' .' .... ", 

InItial Dioxin n Adj. Mean' . 
..... ' .. '. . ..• 'Adj.Slope· ....... . 
-R' (Std. Error)" p-Value 

Low 158 80.72 0.037 -0.021 (0.011) 0.053 
Medium 158 79.95 
High 158 75.04 

• Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of alkaline phosphatase versus logz (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = > 152 ppt. 
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Table 13-17. Analysis of Alkaline Phosphatase (UlI) (Continuous) (Continued) 

(e).1\10DEL 3:. RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Difference of A<\j;Mean 

! DiqxinCategory n Mean- A<\j.Mean·· 
vs. Comparisons 

(95% C.I.)' p-Valued 

Comparison 1,194 79.58 79.57 

Background RH 376 81.35 81.50 1.93 -- 0.130 
LowRH 236 82.39 82.34 2.78 -- 0.070 
HighRH 240 81.50 81.36 1.79 -- 0.238 
Low plus High RH 476 81.94 81.85 2.28 -- 0.051 

, Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
e Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin:5 10 ppt. 
Background (Ranch Hand): 1987 Dioxin :5 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin:5 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

(f) MODEL 3: RANCH HANDS AND COMPARISONS BYDIOXIN CATEGORY - ADJUSTED 

Ditterenceof"\'dj, Mean 
vs. Comparisons 

DioxinCaiegory n A<\j.Mean' (95% C.l.)" p-Value' 

Comparison 1,193 80.38 

Background RH 375 83.86 3.48 -- 0.008 
LowRH 235 83.18 2.79 -- .. 0.071 
HighRH 239 80.32 -0.06 -- 0.967 
Low plus Hi~h RH 474 81.72 1.34 -- 0.255 

• Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
e P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin :5 10 ppt. 
Background (Ranch Hand): 1987 Dioxin :5 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin :5 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

(g) MODEL 4: . RANCH HANDS -1987 DIOXIN - UNADJUsTED " . . 

t!lll7 Dioxin Catellory SUminary statistics '. AnaIy.i;ls Results for Lo!:>(I987 Dioxin +1) ... 

1/181 Dioxin '. n Mean· 
Low 283 81.36 
Medium 285 81.39 
High 284 82.29 

• Transformed from natural logarithm scale. 

<0.001 

A<\justed Slo~ 
(Std. Error) 

-0.004 (0.006) 

p-Value 

0.555 

b Slope and standard error based on natural logarithm of alkaline phosphatase versus log, (1987 dioxin + I). 

Note: Low = :57.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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T,eble 13·17. Analysis of Alkaline Phosphatase (UII) (Continuous) (Continued) 

(h) MODEL 4:. RANCH HANDS -1987 DIOXIN - ADJUSTED 

1987 Dioxin Category Summary Statlstlcs Analysis Resulls for Log, (1987 Dioxin + 1) 

1987 
Dioxin 

Low 
Medium 
High 

n 

283 
284 
282 

Adj. Meao' 

80.95 
80.09 
77.40 

• Transformed from natural logarithm scale. 

0.042 

AdjUsted Sior 
(!;lIcl.l£rror) 

-0.021 (0.007) 

p-Value 

0.003 

b Slope and standard error based on natural logarithm of alkaline phosphatase versus log, (1987 dioxin + I). 

Note: Low = ~7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

The Model 2 unadjusted analysis of alkaline phosphatase was nonsignificant (Table 13·17( c): p=O.646). 
The adjusted analysis revealed a marginally significant inverse association between alkaline phosphatase 
and initial dioxin (Table J3·17(d): adjusted slope=-0.021, p=0.053). Mean alkaline phosphatase levels 
in the low, medium, and high initial dioxin categories were 80.72 VII, 79.95 VII, and 75.04 VII, 
respectively. 

The unadjusted Model 3 analysis of alkaline phosphatase revealed two marginally significant contrasts: 
Ranch Hands in the low dioxin category versus Comparisons (Table J3-17(e): difference ofmeans=2.78 
VII, p=0.070) and Ranch Hands in the low and high dioxin categories combined versus Comparisons 
(difference of means=2.28 VII, p=O.051). The adjusted analysis showed significlmt differences between 
Ranch Hands in the background dioxin category and Comparisons (Table 13-17(f): difference of adjusted 
means=3.48 VII, p=0.008), as well as a marginally significant difference between Ranch Hands in the low 
dioxin category and Comparisons (difference of adjusted means=2.79 VII, p=0.071). Ranch Hands in the 
background and low dioxin categories had higher mean alkaline phosphatase levels than the Comparisons 
(83.86 VII for the Ranch Hands in the background dioxin category and 83.18 VII for the Ranch Hands in 
the low dioxin category versus 80.38 VII for Comparisons). 

The unadjusted analysis of Model 4 showed no significant association between alkaline phosphatase and 
1987 dioxin levels (Table 13-17(g): p=0.555). After covariate adjustment, a significant inverse relation 
was revealed (Table 13-17(h): adjusted slope=-0.021, p=O.OO3). The adjusted mean alkaline 
phosphatase values in the low, medium, and high 1987 dioxin categories were 80.95 VII, 80.09 VII, and 
77.40 VII, respectively. 

13.2.2.3.8 Alkaline Phosphatase (Discrete) 

The unadjusted and adjusted Modell analyses of alkaline phosphatase in its discrete form showed no 
overall group difference between Ranch Hands and Comparisons (Table 13-l8(a,b): p>0.33 for each 
analysis). Stratifying by occupation revealed a marginally significant group difference within the enlisted 
gl'Oundcrew stratum for both the unadjusted and adjusted analyses (Table 13-l8(a,b): Est. RR=2.30, 
p,=0.071; Adj. RR=2.46, p=0.053). The percentage of enlisted groundcrew with high alkaline 
phosphatase levels among the Ranch Hands was 3.3 percent versus 1.4 percent among the Comparisons. 
All analyses for Models 2 and 3 were nonsignificant (Table 13-18(c-f): p>O.lO for each analysis). 
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Table 13-18. Analysis of Alkaline Phosphatase (Discrete) 

(a) :MODELl: RANCH HANDS VS. COMPA~ISONS . .,..UNADJUSXED 

Ofcupational NuIober(%) 
Category Group n High 

All Ranch Hand 859 22 (2.6) 
Comparison 1,231 24 (1.9) 

Officer Ranch Hand 340 4 (1.2) 
Comparison 490 12 (2.4) 

Enlisted Flyer Ranch Hand 150 6 (4.0) 
Comparison 185 4 (2.2) 

Enlisted Ranch Hand 369 12 (3.3) 
Groundcrew Comparison 556 8 (1.4) 

(b)I\IODEL.1: RANCH~NnSvS. COMPARISONS - ADJl!STED 

Oc:cupl!tional Category 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

Adju.1.;dR.lalive~" 
(9S%C.t) 

1.34 (0.74,2.42) 

0.45 (0.14,1.41) 
2.03 (0.56,7.40) 
2.46 (0.99,6.13) 

Esl. Relative Risk 
(95% C.I.) 

1.32 (0.74,2.37) 

0.47 (0.15,1.48) 

1.89 (0.52.6.81) 

2.30 (0.93,5.69) 

p-Value 

0.332 

0.172 
0.284 
0.053 

p-VaIue 

0.352 

0.200 

0.333 

0.071 

:initl81 ... .... . N~r.(%) .... .... ··~JllQtedltelali~erusk ..... .• . ... 
: Di.oxin D ·81gh .. ·,(9S%C.I.)b ..< p-VaJue 

Low 158 3 (1.9) 0.99 (0.60.1.65) 0.971 
Medium 159 4 (2.5) 
High 159 2 (1.3) 

• Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Notel Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d).\\10DEL2: .. 'RANCH HANDS -INITIAL.DIOXIN_ADJUSXED 

n 

474 

Analysis Resullsfor Log, (lDiti8lDiOxin) . 

Adjusted Relaliverusk 
(95%C.t)' . 

1.04 (0.61,1.76) 

a Relative risk for a twofold increase in initial dioxin. 

p.:VaJue 

0.897 

Note: Results not adjusted for occupation because of the sparse number of participants with a high alkaline 
phosphatase level. 
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T,sble 13-18. AnalysIs of Alkaline Phosphatase (DIscrete) (Continued) 

(e) MODEL 3: RANCHHANl>S,AND COMPARISONS ,BY DIOXIN CATEGORY- UNADJUSTED 

'Number(%) Est Relative'Risk 
Dioxin Category n Higb (95% C.I.)" 

Comparison 1,194 21 (1.8) 

Background RH 376 12 (3.2) 1.76 (0.85,3.63) 
LowRH 236 4 (1.7) 0.97 (0.33,2.86) 
HighRH 240 5 (2.1) 1.24 (0.46,3.33) 
Low plus High RH 476 9 (1.9) I.I 0 (0.50,2.43) 

, Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin ~ IO ppt. 
Background (Ranch Hand): 1987 Dioxin ~ IO ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin ~ 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

p-VaJue 

0.127 
0.960 
0.670 
0.815 

(0 MODEL 3: RANCH HANDS ,AND COMPARISONS BY DlOXtN, CA TEG()RY"- ADJUSTED 

Adjusted'Relative Risk 
Dioxin Category n (95% C.L)" 

<:omparison 1,193 

Background RH 375 1.85 (0.88,3.90) 
LowRH 235 0.91 (0.31,2.71) 
HighRH 239 1.23 (0.44,3.41) 
Low plus High RH 474 1.06 (0.48,2.37) 

'Relative risk and confidence interval relative to Comparisons. 

N()te: RH = Ranch Hand. 
Comparison: 1987 Dioxin ~ IO ppt. 
Background (Ranch Hand): 1987 Dioxin ~ IO ppt. 
Low (Ranch Hand): 1987 Dioxin> IO ppt, IO ppt < Initial Dioxin ~ 94 ppt. 
High (Ranch Hand): 1987 Dioxin> IO ppt, Initial Dioxin> 94 ppt. 

p-Value 

0.104 
0.871 
0.688 
0.883 

" 1987,' ... ' Number (%) ,,". Estimated Relaiiv. RIsk .' "', 
, Dio"in ' •• n,Bjgb (9S%C;I;)' ' , p-Value 

Low 283 9 (3.2) 0.79 (0.58,1.09) 0.144 
Medium 285 6 (2. I) 
High 284 6 (2. I) 

, Relative risk for a twofold increase in 1987 dioxin. 

N()te: Low = 9.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) MqDEL 4: RANCH HANDS - 1987 DIOXIN - ADJUSTED 

n 

849 

Anal~slsRe$uJlsfol' Log. (1987 Dioxin + 1) 

Adjusted Relative Risk 
(9S.%C.L)· 

0.69 (0.50,0.94) 

(:~. ,:) 'Relative risk for a twofold increase in 1987 dioxin. 
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The Model 4 unadjusted analysis did not show significant results (Table 13-18(g): p=O.I44). The :::.'.) 
adjusted analysis revealed a significant inverse relation between alkaline phosphatase and 1987 dioxin -
levels (Table 13-18(h): Adj. RR=O.69, p=O.020). The percentages of abnonnal alkaline phosphatase 
values in the low, medium, and high 1987 dioxin categories were 3.2, 2.1, and 2.1, respectively. 

13.2.2.3.9 Total Bilirubin (Continuous) 

All unadjusted and adjusted Model I through Model 4 analyses of total bilirubin in its continuous form 
were nonsignificant (Table 13-19(a-b): p>0.36 for each analysis). 

Table 13-19. Analysis of Total Bilirubin (mg/dl) (Continuous) 

(a)lMODEL 1: RANCH HANDS VS.COMPARISONS - UNADJUSTED 

Qttupatlonal 
Category Group 

All Ranch Hand 
Comparison 

Officer Ranch Hand 
Comparison 

n 

859 
1,231 

340 
490 

Enlisted Flyer Ranch Hand 150 
Comparison 185 

Enlisted Ranch Hand 369 
Gf(~undcrew Comparison 556 

, Transformed from natural logarithm scale. 

Mean' 

0.518 
0.520 

0.546 
0.543 

0.489 
0.513 

0.506 
0.503 

DiffmnceofMeans 
(95% qJ.)b 

-1).002 --

0.003 --

-0.023 --

0.003 --

p-Valuee 

0.857 

0.887 

0.365 

0.869 

b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
o P-value is based on difference of means on natural logarithm scale. 

(b)iMODEL l:RANCHHANDS VS. COMPARISONS -ADJUSTED 

Ol!cupalioiial Difference of Adj. Means ..... 
iCa~ory Group 11 Mj·!'de&n' . (95% q.L)" ". . •.... p-V1\Iuee 

All Ranch Hand 854 0.511 -1).000 -- 0.963 
Comparison 1,229 0.511 

Officer Ranch Hand 340 0.528 0.000 -- 0.993 
Comparison 489 0.528 

Enlisted Flyer Ranch Hand 148 0.487 -0.Dl8 -- 0.482 
Comparison 184 0.505 

Enlisted Ranch Hand 366 0.512 0.006 -- 0.727 
Groundcrew Comparison 556 0.507 

, Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
o P-value is based on difference of means on natural logarithm scale. 
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T,able 13-19. Analysis of Total Bilirubin (mg/dl) (Continuous) (Continued) 

(c) MODEL 2~ RANCH HANDS - INITIAL DIOXIN - UNADJUSTED 

Initial Dioxin Category S\lmmary Statistics, ' Analysis ReslJItsfor Log, (Initial Dioxin)' 

IlUtiai Di~ldn n Mean8 Adj. Mean" 
Slope 

(Sid. Error)' , R' ",Value 

l.ow 158 0.524 0.527 0.013 -0.014 (0.016) 0.368 
Medium 159 0.503 0.503 

High 159 0.514 0.510 

, Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
e Slope and standard error based on natural logarithm of total bilirubin versus log, (initial dioxin). 

Note: l.ow = 27-63 ppt; Medium = >63-152 ppt; High = > 152 ppt. 

(d) MODEL 2> RANCH HANDS -INITIAL DIOXIN - ADJ1JSTED 
, 

, Initial Dioxin Categ?ry SumlQ8ry Statistics , ,Analysis ~u1ts for Log, (Initial Dioxiil) " 
,,' , 

Adj. Slope 
R' (Sid. ~r)' p-Value Initial Dil)xin n Adj. Mean' 

Low 158 0.522 0.038 0.004 (0.019) 0.822 
Medium 158 0.511 
High 157 0.532 

, Transformed from natural logarithm scale. 
, Slope and standard error based on natural logarithm of total bilirubin versus log, (initial dioxin). 

Note: l.ow = 27--63 ppt; Medium = >63-152 ppt; High = > 152 ppt. 

(.~) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Difference ofAdj. Mean 

Adj. Mean" 
vs. Comparison. " 

p_Valued Dioxin Category n Mean' (95% C.I.)' 

Comparison 1,194 0.520 0.520 

Background RH 376 0.523 0.526 0.006 -- 0.673 
l.owRH 236 0.517 0.516 --0.004 -- 0.828 
HighRH 240 0.510 0.506 -0.014 -- 0.418 
l.ow plus High RH 476 0.513 0.511 -0.009 -- 0.500 

, Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
e Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin::; 10 ppt. 
Background (Ranch Hand): 1987 Dioxin:S; 10 ppt. 
l.ow (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin :s; 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 
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Table 13-19. Analysis of Total Bilirubin (mg/dl) (Continuous) (Continued) 

(I) \\10DEL 3:. RANCH HANDS AND COMPARISONS BYDIOXIN CATEGORY -ADJUSTED 

r>ifierence.ofAdj. Mean 

Dioxin Category n ,!.dJ; Mean' 
vs. Comparisons 

(95'* C.I.)" p-Value' 
Comparison 1,193 0.517 

Baokground RH 374 0.515 -0.002 -- 0.901 
LowRH 235 0.514 -0.003 -- 0.884 
HighRH 238 0.520 0.003 -- 0.861 
Low plus High RH 473 0.517 0.000 -- 0.981 

• Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
, P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin ~ 10 ppt. 
Background (Ranch Hand): 1987 Dioxin ~ 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin ~ 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

(g) MODEL 4: RANCH HANDS -1987 DIOXIN -UNADJUSTED. . . 

. ,' . 1.987 Dioxin !CategOry SQlDIiIarystaltistIc.· ,'. '··AnaiysisResulIs rorLog,{1987. Dioxin +1) 
, .... . '. . ,...... ....•. ., "" . '. . ... ,.. AdjusttkiSloPe" 

l?8'llIoxin n i\<f~" ., '. . R'.· " (SId;Error)" '. p-Value 

Low 283 0.526 0.001 -0.007 (0.011) 0.499 
Medium 285 0.518 
High 284 0.509 

• Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of total bilirubin versus log2 (1987 dioxin + I). 

Note: Low = ~.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

:< 1987 Dioxin£ategory SummarySt8tlstIcs . ". .AnaIy&sResultsfori;A>g,(1~S7Diqxln + 1) 

19117 .•. .... "', ',' AdjustedSlor . 
'. "'/R' . '" (Sld,~i'), .. p-Value .. Dioxin n Adj.i\<fean' 

Low 283 0.521 0.023 0.008 (0.012) 0.519 
Medium 283 0.516 
High 281 0.532 

• Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of total bilirubin versus log2 (1987 dioxin + I). 

Note: Low = ~7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

13.2.2.3.10 Total Bilirubin (Discrete) 

All analysis results of total bilirubin in its dichotomous form were nonsignificant (Table 13-20(a-h): 
p>O.ll for each analysis). 
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Table 13-20. Analysis of Total Bilirubin (Discrete) 

(a)MODEL 1: RANCH HANDS VS. COMPARISONS - UNADJUSTED 

Occupational Number(%) 
Category Group n IJigb 

}lll Ranch Hand 859 46 (5.4) 
Comparison 1,231 76(6.2) 

Officer Ranch Hand 340 22 (6.5) 
Comparison 490 35 (7.1) 

Enlisted Flyer Ranch Hand 150 8 (5.3) 
Comparison 185 9 (4.9) 

Enlisted Ranch Hand 369 16 (4.3) 
Groundcrew Comparison 556 32 (5.8) 

(b) MODEL. I: RA:NCH HANDS VS. COMPARISONS -ADJUSTED 

O\1cupatio1!lll Category 

AU 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

.AdjustedROIativeRisk 
~(9S%C.L) 

0.86 (0.58,1.25) 

0.90 (0.52,1.57) 
1.15 (0.43,3.08) 
0.71 (0.38,1.33) 

Est. Relative Risk 
(?5% C.I.) 

0.86 (0.59,1.25) 

0.90 (0.52.1.56) 

1.10 (0041,2.93) 

0.74 (0040,1.37) 

p-Value 

0.420 

0.723 
0.779 
0.286 

~c) MODEL 2: ,RANCHHANDS-INlTIAL DIOXIN __ UNADJUSTED. .' . ,'. 

InitialDlo:dnc8tegory SUDlDJllry statistics .' 

.,.Value 

0.430 

0.707 

0.846 

0.342 

Initial . ..' Nwliber( %) . . .... 'Estimated Relative RISk .. ..., .' 
DlQX"m n 111gb (95% 'C.l.)" p-Value 

Low 
Medium 
High 

158 
159 
159 

12 (7.6) 
5 (3.I) 
7 (4.4) 

0.77 (0.54,1.09) 0.118 

, Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

(d) MODEL2: RANCH HANDS -lNITIALDIO~ -ADJUSTED 

n '. 
473 

Analysis Re.ultsfor LoiIz. (lDitialDioxin) 

Adj*d Relative Risk 
. (95%C;L)' 

0.75 (0.49,1.13) 

, Relative risk for a twofold increase in initial dioxin. 
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Table 13-20. Analysis of Total Bilirubin (Discrete) (Continued) 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY -UNAbJUSTED 

Number(%) Est. Relative Risk 
: Dioxin Category n High (95% C.L)" 

Comparison 1,194 74 (6.2) 

Background RH 376 21 (5.6) 0.91 (0.55,1.51) 
LowRH 236 15 (6.4) 1.02 (0.58,1.81) 
HighRH 240 9 (3.8) 0.58 (0.29,1.18) 
Low plus High RH 476 24 (5.0) 0.77 (0.47,1.25) 

, Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin ~ 10 ppt. 
Background (Ranch Hand): 1987 Dioxin ~ 10 ppt: 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin ~ 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

p-Value 

0.724 
0.940 
0.131 
0.286 

(f) ~OJ.)EL 3:. RANCH HANDSANDCOMPARISONS1IY DIOXIN CATEGORY - ADJUSTED 

Adjusted Relative Risk 
Dioxin Category n (95% C,L)' 

Comparison 1,193 

Background RH 374 0.88 (0.53,1.47) 
LowRH 235 1.03 (0.58,1.84) 
HighRH 238 0.59 (0.27,1.27) 
Low plus High RH 473 0.78 (0.47,1.29) 

• Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin ~ 10 ppt. 
Background (Ranch Hand): 1987 Dioxin ~ 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin ~ 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

p-Value 

0.619 
0.919 
0.175 
0.331 

fg) MODEL 4: RANCH HANDS -1987 DIOXIN-UNADJUSTED .' .... 

1987 Number(%) EstImated Relative Risk '. 
: Dioxin n High . (95% C.I.)'p-Value 

Low 283 18 (6.4) 0.89 (0.72,1.10) 0.275 
Medium 285 15 (5.3) 
High 284 12 (4.2) 

, Relative risk for a twofold increase in 1987 dioxin. 

Note: Low = ~7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(h) l\fOD~_L 4: RANCH HANDS -1987 DIOXIN - ADJUSTED 

n 

847 

Analysis Results for Log, (1987 Dioxin + 1) 

Adjusted Relatlve .Risk 
(95% C.L)' 

0.94 (0.73,1.21) 

• Relative risk for a twofold increase in 1987 dioxin. 
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( 13.2.2.3.11 Direct Bilirubin 

() 
-', .. ' 

In each of the unadjusted and adjusted analyses of Models I through 4, no significant associations were 
seen between dioxin and direct bilirubin (Table 13-21(a-h): p>O.19 for each contrast). Because of a 
sparse number of participants with a high direct bilirubin level, the analysis was limited in some of the 
models. 

Table 13-21. Analysis of Direct Bilirubin 

(a) MODEL 1: RANCHlIANI)S VS. COMPARISONS -lJIIiADJUSTED 

Occupational Nurilber(% ) Est. Relative Risk 
category Group n Higb (9S%C.L) p'Value 

AlII Ranch Hand 859 1 (0.1) 0.29 (0.03,2.45) 0.196 
Comparison 1,231 5 (0.4) 

Officer Ranch Hand 340 I (0.3) 0.48 (0.05,4.62) 0.524 
Comparison 490 3 (0.6) 

Enlisted Flyer Ranch Hand ISO 0 (0.0) 
Comparison 185 0 (0.0) 

Enlisted Ranch Hand 369 0 (0.0) 0.667' 
Groundcrew Comparison 556 2 (0.4) 

, P-value determined using a chi-square test with continuity correction because of the sparse number of participants 
with a high direct bilirubin level. 
--: Results not presented because of the sparse number of participants with a high direct bilirubin level. 

(b) MODELl:. RANCH.HANDS VS. COMPARIsONS ...,ADJUS11ED 

. . 
.()eeupationaiCategory 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

Adjusled.RelativeRisk 
(95%<;'L)~ 

0.32 (0.04,2.82) 

0.50 (0.05,4.90) 

p'Value 

0.254 

0.551 

--: Results not presented because of the sparse number of participants with a high direct bilirubin level. 

Note: Results for analysis across all occupational categories are not adjusted for occupation because of the sparse 
nllmber of participants with a high direct bilirubin level. 

(,~) MODEL 2: RANCHHANDS-1NITlALDIOXlN - UNADJUSTED 

An!dYsls ResUlts tor Logz (lnitialDioxln)' 

Initial Number (%) 
Dioxin D Yes 

Low 
Medium 
High 

158 
159 
159 

0(0.0) 
0(0.0) 
0(0.0) 

timated ReJativeRisk. 
(!lS%C.L)b 

• Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

p'Value 

--: Results not presented because of the sparse number of Ranch Hands with a high direct bilirubin level. 

C") Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 
,,---,.-
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Table 13-21_ Analysis of Direct Bilirubin (Continued) 

(d) MODEL 2: RANCH HANDS - INITIAL DIOXIN - ADJUSTED 

n 

Analysis R~ts for Log1 (Initial Dioxin) 

AdjUSted Relative Risk 
(!IS% C.I.) p-Value 

--: Results not presented because of the sparse number of Ranch Hands with a high direct bilirubin leveL 

(e) MODEL 3: RANCH HANDS AND COMPARISONS BYDlQXIN CAtEGoRY - UNADJUSTED 

Number(%) F..st.Relaiive Risk 
Di~in Category n Yes (95% C.I.)'" p-Value 

Comparison 1,194 5 (0.4) 

Baokground RH 376 1 (0.3) 0.88 (0.10,7.75) 0.906 
LowRH 236 0(0.0) 0.695' 
HighRH 240 0(0.0) 0.686' 
Low plus High RH 476 0(0,0) 0.359' 

a Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
, P-value determined using a chi-square test with continuity correction because of the sparse number of Ranch 
Hands with a high direct bilirubin leveL 

--: Results not presented because of the sparse number of Ranch Hands with a high direct bilirubin leveL 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin S; 10 ppt. 
Background (Ranch Hand): 1987 Dioxin S; 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin S; 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

(f')MODEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Comparison 

Background RH 
LowRH 
HighRH 
Low plus High RH 

n 

1,193 

374 
235 
238 
473 

Adjusted Relative Risk 
. '., .. (9S% C:I.Ja 

1.09 (0.12,10.31) 

a Relative risk and confidence interval relative to Comparisons. 

0.937 

--: Results not presented because of the sparse number of Ranch Hands with a high direct bilirubin level. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin S; 10 ppt. 
Background (Ranch Hand): 1987 Dioxin S; 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin S; 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

Results are not adjusted for occupation because of the sparse number of Ranch Hands with a high direct 
bilirubin level. 
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c. rOible 13-21. Analysis of DIrect BilirubIn (Continued) 

(g) MODEL 4: RANCH HANDS-1987 DImON - UNADJUSTED .. .. ...•....... 

1987 Di~in Ca~orySuittnmry Statistics Analysis R!,*ults for Log, (1987 Dioxin.+ 1) 

1987 ... Number (%) 
Dioxin n Yes 

Low 283 0 (0.0) 
Medium 285 1 (0.4) 
High 284 0 (0.0) 

, Relative risk for a twofold increase in 1987 dioxin. 

Estimated RelaiWe Risk 
(95% C.L)'· .. 

0.78 (0.18,3.33) 

Note: Low = 9.9 ppt: Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

(lit) MODEL 4: RANCH HANDS :-1987 DIOXlN- AD;JUSTED 

n 
847 

Analysis Results forLog,(1987. DiOxin +.1) 

AdjustedRelatii"Risk . 
(95% C.l:)' • 

0.79 (0.17,3.72) 

• Relative risk for a twofold increase in 1987 dioxin. 

0.735 

p-V<Ilue 
0.764 

Note: Results are adjusted only for age and lifetime alcohol history because of the sparse number of Ranch Hands 
with a high direct bilirubin level. 

13.2.2.3.12 Lactic Dehydrogenase (Continuous) 

The unadjusted and adjusted analyses of Models I through 4 showed no significant associations between 
dioxin and lactic dehydrogenase in its continuous form (Table 13-22(a-h): p>O.18 for each analysis). 

-===-=-======-------=------====---------=====--
Table 13-22. Analysis of Lactic Dehydrogenase (WI) (Continuous) 

(n)MODEL 1: RANCH J{Al'!DS VS. COMPARISONS..;. UNADJUSTED 

Occupational ' ,',,,,, ','+// Difference <>f Melms 
Ca~ory ~ro"p. Melln" (95%C,.!.)b 

All Ranch Hand 859 154.0 0.3 --
Comparison 1,229 153.8 

Officer Ranch Hand 340 153.9 -0.5 --
Comparison 489 154.4 

Enlisted Flyer Ranch Hand 150 152.3 -0.3 --
Comparison 184 152.5 

Enlisted Ranch Hand 369 154.9 1.2 --
Groundcrew Comparison 556 153.7 

• Transformed from natural logarithm scale. 

p-VaIlle' 
0.822 

0.799 

0.927 

0.488 

b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
, P-value is based on difference of means on natural logarithm scale. 
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Table 13-22. Analysis of Lactic Dehydrogenase (UlI) (Continuous) (Continued) 

(b)iMODEL 1:. RANCH HANDS VS. COMPARISONS - ADJUSTED 

Oi:cllpatiOnai 
Caiegory 

All 

Officer 

GrollP n 
Ranch Hand 854 
Comparison 1,227 

Ranch Hand 340 
Comparison 488 

Enlisted Flyer Ranch Hand 148 
Comparison 183 

Enlisted Ranch Hand 366 
Groundcrew Comparison 556 

, Transformed from natural logarithm scale. 

Adj. Me .... ' 

155.3 
155.0 

154.8 
155.3 

153.1 
153.9 

157.8 
156.3 

Difference of Adj. Means 
(95% C.L)" 

0.3 --

-0.6 --

-0.8 --

1.5 --

p-Value' 

0.790 

0.768 

0.787 

0.397 

b Difference of means after transformation to original scale; confidence interval on difference of means not 
presented because analysis was performed on natural logarithm scale. 
, P-value is based on difference of means on natural logarithm scale. 

(e) MODEL:2:RANCH.HANDS-lNlTlALDIOXIN - UNADJUSTED 

i ••. loiti!llDioxioCl!teg6ry Summary Statistics . .Ao!lIYsis Results for Log, (IoitialDioxin)b 

lnltial Dioxin .. n Meana Adj. Meao" 
. .. Slope 

R' (Std.1>rror)' p-Value 

Low 158 155.7 156.0 0.009 -0.001 (0.006) 0.908 
Medium 159 152.4 152.4 
High 159 156.0 155.6 

, Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 
, Slope and standard error based on natural logarithm of lactic dehydrogenase versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = >152 ppt. 

.. 

(d) MODEL2dlANCH HANDS-INITIAL DIOXIN - ADJUSTED. ..... i.···· . ..... .. .. .., i ••.•.•......... 

. I .IDi!ialDi<i~o.Cl!",g~Su_ry SUl~ti...,r i ~'ysls~ults for Lqg,(InitialDio;dn) .. i·· .. 

. .. ...• .... .• i·i· . .. ii .. . ... ..> ··Adj. SI~Peii 
Initial Dioxin n· . Adj; Mean' R' ... (Sid. Error)" p-Value . 

Low 158 159.1 0.036 0.000 (0.007) 0.979 
Medium 158 156.8 
High 157 160.1 

, Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of lactic dehydrogenase versus log2 (initial dioxin). 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = > 152 ppt. 
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Table 13·22. Analysis of Lactic Dehydrogenase (UII) (Continuous) (Continued) 

(e).MODEL3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - UNADJUSTED 

Dioxin Category n 

Comparison 1,192 

Background RH 376 
LowRH 236 
High RH 240 
Low plus High RH 476 

153.8 

153.1 
153.9 
155.4 
154.7 

Adj. Mean" 

153.7 

154.3 
153.6 
154.1 
153.8 

Difference of Adj. Mean 
vs. Comparisons 

(95% C.I.)' 

0.6 -­
-D.I --

0.4 --
0.1 --

• Transformed from natural logarithm scale. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

p'Valued 

0.693 
0.941 
0.816 
0.916 

'Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
d P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin:5 10 ppt. 
Background (Ranch Hand): 1987 Dioxin :5 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin :5 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

(f) MPDEL 3: RANCH HANDS AND COMPARISONS BY DIOXIN CATEGORY - ADJUSTED 

Difference of Adj. Mean 

Dioxin Cajegory n Adj. Mean' 
vs.C:omparisons 

(95%C.L)· p'Value' 

Comparison 1,192 155.5 

Background RH 374 156.1 0.6 -- 0.737 
LowRH 235 155.0 -0.5 -- 0.774 
HighRH 238 156.8 1.3 -- 0.528 
Low plus High RH 473 155.9 0.4 -- 0.812 

• Transformed from natural logarithm scale. 
b Difference of means after transformation to original scale; confidence interval on difference of means not presented 
because analysis was performed on natural logarithm scale. 
C P-value is based on difference of means on natural logarithm scale. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin :5 10 ppt. 
Background (Ranch Hand): 1987 Dioxin :5 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin :5 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

(g).MODEL 4: RANCH HANDS - 1987 DIOXIN -'UNADJUSTED 

. 1987 Dioxin Category Summary Statistics' . Analysis ResullS for LoIlz(1987 Dioxin +1) 

1987 Dioxin 

Low 
Medium 
High 

n 
283 
285 
284 

152.7 
155.3 
153.9 

, Transformed from natural logarithm scale. 

. R' 
0.002 

Adjusted Slot' 
(Std. Error) 

0.005 (0.004) 

p'Value 

0.211 

b Slope and standard error based on natural logarithm of lactic dehydrogenase versus logz (1987 dioxin + I). 

Note: Low = :57.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 
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Table 13-22. Analysis of Lactic Dehydrogenase (UII) (Continuous) (Continued) 

(h) MODEL 4: RANCH HANDS -1987 DIOXIN - ADJUSTED . '. 
1987 Dioxin CiI""ory SwrimaryStlltistics 

. " . 
Alialysis Results for LQg, (1987 DiOXin + 1) 

1987 . 
• Dioxin 

Low 
Medium 
High 

n 

283 
283 
281 

Adj.Meana 

154.3 
156.4 
155.4 

0.015 

AdjusledSJoro 
(Std. Error) 

0.006 (0.005) 

p-Value 

0.187 

, Transformed from natural logarithm scale. 
b Slope and standard error based on natural logarithm of lactic dehydrogenase versus log, (1987 dioxin + 1). 

Note: Low = $7.9 ppt; Medium = >7.9-19.6 ppt; High = >19.6 ppt. 

13.2.2.3.13 Lactic Dehydrogenase (Discrete) 

Lactic dehydrogenase in its dichotomized form showed nonsignificant results in all of the Models I 
through 4 unadjusted and adjusted analyses (Table 13-23(a-h): p>O.21 for each analysis). 

Table 13-23. Analysis of Lactic Dehydrogenase (Discrete) 

(a) MODEL l:ltA.NCH HANDS VS.COMPARlSONS-UNADJUSTED 

Ol:cupational Nu~r{%) 
Category Group n Jiigh 

All Ranch Hand 859 81 (9.4) 
Comparison 1,229 129 (10.5) 

Officer Ranch Hand 340 32 (9.4) 
Comparison 489 53 (10.8) 

Enlisted Flyer Ranch Hand 150 13 (8.7) 
Comparison 184 15 (8.2) 

Enlisted Ranch Hand 369 36 (9.8) 
Groundcrew ComI!arison 556 61 (11.0) 

(b) MODEL 1: RANCH HANDS VS.,COMPARlSONS -ADJUSTED 

Occupational Category 

All 

Officer 
Enlisted Flyer 
Enlisted Groundcrew 

Adj~'Reiativ. Risk 
-(95%C.L) 

0.90 (0.67,1.21) 

0.86 (0.54,1.37) 
1.03 (0.47,2.24) 
0.90 (0.58,1.39) 
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Est.. Relative Risk 
. (9S%C.L) 

0.89 (0.66,1.19) 

0.85 (0.54,1.36) 

1.07 (0.49,2.32) 

0.88 (0.57,1.35) 

p-Value 

0.479 

0.530 
0.945 
0.625 

p-Value 

0.424 

0.506 

0.866 

0.555 

) 
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Table 13-23. Analysis of Lactic Dehydrogenase (Discrete) (Continued) 

(c) MODEL 2: RANCH HANOS-INITIAL DlOXlN -'UNADJUSTED 

Initial Dio,xin Qitegory SummarySjatistirs 

Initial Number(%) 
Dioxin n High 

Low 
Medium 
High 

158 17 (10.8) 
159 10 (6.3) 
159 16 (10.1) 

EstimatOO aelative ·Risk 
(95% C.I.)' 

0.96 (0.75,1.21) 

• Adjusted for percent body fat at the time of the blood measurement of dioxin. 
b Relative risk for a twofold increase in initial dioxin. 

Note: Low = 27-63 ppt; Medium = >63-152 ppt; High = > 152 ppt. 

(d) jMODEL 2:RA.NCH~ANDS -INITIAL DIOXIN - ADJUSTED 

473 

Analysls.Resultsfor·LoIb·.(inltialDioXln) 

AdjuSt.<! R:e1alive,Risk • 
(9S%C.L)' 

0.98 (0.74,1.30) 

a Relative risk for a twofold increase in initial dioxin. 

.......... 

p-Value 

0.709 

0.889 

(0) MODEL 3: RANCH HANDS AND CQMPARlSONSB-y.DIOXlN CATEG,ORY - UNADJUSTED 

Nnmber(%) Est.. Relative Risk 
... I)10xio Qi~ory n High (9S%CJ.)'" 

Comparison 1,192 123 (10.3) 

Background RH 376 36 (9.6) 1.05 (0.71,1.57) 
LowRH 236 21 (8.9) 0.81 (0.50,1.33) 
High RH 240 22 (9.2) 0.77 (0-47,1.25) 
Low plus High RH 476 43 (9.0) 0.79 (0.55,1.15) 

• Relative risk and confidence interval relative to Comparisons. 
b Adjusted for percent body fat at the time of the blood measurement of dioxin. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin"; 10 ppt. 
Background (Ranch Hand): 1987 Dioxin"; 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin"; 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 

p-Value 

0.794 
0.406 
0.291 
0.214 

(t) MOl)EL 3: RANCH HANDS ANDCOMPAR1S0NS BY DIO'flN CATEGORY- ADJUSTED 

.",. Adjusted R~laliv.Risk 
DioxioCategory n (9S%iC.I.)~ . 

Comparison 1,191 

Background RH 374 1.07 (0.72,1.61) 
LowRH 235 0.80 (0.48,1.31) 
High RH 238 0.81 (0.49,1.34) 

Low plus High RH 473 0.80 (0.55,1.17) 

• Relative risk and confidence interval relative to Comparisons. 

Note: RH = Ranch Hand. 
Comparison: 1987 Dioxin"; 10 ppt. 
Background (Ranch Hand): 1987 Dioxin"; 10 ppt. 
Low (Ranch Hand): 1987 Dioxin> 10 ppt, 10 ppt < Initial Dioxin"; 94 ppt. 
High (Ranch Hand): 1987 Dioxin> 10 ppt, Initial Dioxin> 94 ppt. 
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.!>'Value 

0.729 
0.366 
0.416 
0.255 

. 

---."---'---~.'-----~--------'-'-----'-----.. --'-----.-,-._------_._ ... -.. __ .. _._----_ .. _. __ .. --_. 




