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Vietnam vetera:1S who were heav;ly exposed to Agent Orange exceeded 
matched control subjects in both blood and adipose tissue levels of 2,3,7.8-
tetrachlorOdibenzo-p-dioxin (TeDO) but not in the levels of the 12 other 2.3.7.8-
substituted oioxins and dibenzofurans that were detected. Since only TeOO 
among these compounds was present In Agent Orange but all are present in 
the population of the Industrialized world, it is likely that the elevated TeDO 
levels arose from wartime exposure. The high correlation (r= + .89) of blood 
with adipose tissue level suggests that there may be a mobile equilibrium 
between them and that blood measurement could replace adipose tissue 
measurement of TeDO levels, making the collection of human data less 
invasive. 

ESTABLISHING the existence or ab­
sence of h~alth eff~Ul in populations 
that are exposed to low levels of toxic 
chemicals is made difficult by a number 
of factors.. Among th<!se classification of 
"tudy subjects into exposed and unex­
posed groups uften is a major problem. 
which is compounded by the fact that 
exposure may have occurred long before 
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the study commences. Since classifica­
tion errors dilute the eft'ect.& one seeks 
to meabure. negative epidemiologic re­
sults leave open the question of whether 
the correlation between exposure and 
toxic end point is absent or whether 
classification errors made it undetect­
able. Studies of Vietnam veterans, I.J 

some of w~om were expoaed to the 
deColiant mixture known .. "Agent 
Orange," which was contaminated 
with 2,3,7 ,8-tetrachlorodibenz.o..p-di­
oxin (1'CDD; dtLoing the manufacture 
of its 2,4.~trichlorof»henoxyacetic acid 
herbicide component. may very weD 
suffer !rom this problem. 

With the diaoovery by Rappe et a,Ja .• 
that survivors of the Yuaho accident· in 
Japan had deteetable trace8 of diben­
zofuran.e in their blood 11 years after 
.-:onsuming contaminated cooking oil, it 
became apparent that chlorinated mw­
tiring aromatic compounds can have 

long half-lives in human tu-sues.. (In 
Japan in 1968, rice oil, which is ll..;;cd in 
cooking, became contaminated dur.ng 
processing by a pol:,chlorinated bi­
phenyl-ba.sed heat exchange ftuid. The 
ftuid, in turn. contained small amounts 
of chlorinated dibenzofuran...,\ leading to 
a total dibenzofuran content in the rice 
oil of 5 ppm.) The results sUlgested 
that measurement of tissu(> levels in 
persons who were exposed in the dis­
tant past might confirm exposure 
8tatu&' 

In early 1984, Rappe et a1. reported 
14 polychlorinated dibe~p-di.:>xins 
(peDDs) and polychlorinated dibe~ 
t'u.rans (PCDFs) in samples of human 
adipose tissue from northern Sweden. 
The compounds had between four Wld 
eight chlorine&, and all were substituted 
at the 2. 3, 7, and 8 positicJl5,. La~ra· 
tories on three continents have since 
confirmed these observations, and it is 
now accepted that there is a backgro;.lnd 
of these compounds in the population of 
the industrialized world. toll Among 
these substances, however, only 2.3,7,8-
TeDD was present in Agent Orange 80 
that isomer-specif1c meaaurement of the 
entire series should provide us with 
~th positive and negative controls in 
correlating tissue levels with exposure 
status, as only 2,3,7,8-TeUn levels 
would bt: (>xpected to be elevated in 
herbicide-exposed men. 

Halogenated dibenzodioxirJB a.."ld d;­
benzolurans are lipid 80luble and tel."': 
to aecumulate in adipose tissue. Mo:>t 



studies have therefore analyzed fat. 
which re<;uires obtaining the sample by 
surgical biopsy. A less invasive assay 
would allow rigorous epidemiologic ex­
amination of the relationship between 
low-level exposure and subsequent 
health effects in a large number of 
people. as suggested by Schecter et a1. II 

A program to compare exposure of 
Vietnam veterans to Agent Orange with 
their 2.3,7,8-TC'DD body burdens and 
with their healt. statuses has therefore 
been undertaken by the State of New 
Jersey and i.i known as the "~intman 
Project.. .. The present pilot study was 
designed primarily to determine. by 
isomer-specific analysis of all tetrachlo­
rinated to oct.achlorinated dibenz<r 
dioxins and dibenzofurans. whether 
there is a relationship between expo­
sure and 2.3.7.8-TCDD levels in Viet­
nam veterans who were exposed to 
Agent Orange 15 to 20 yea.rs ago and 
whether hlood and adipose tissue levels 
are correlated. 

PROCEDURES 
Study Groupe 

'IWenty-seven men were studied. Ten 
were heavily exposed Vietnam vete­
rans, nine of whom handled herbicides 
regularly while in Vietnam. We empha­
sized spray handlers at this stage oCthe 
investigation rather than ground troops 
who served in sprayed areas to maxi­
mize the likelihood of finding 2,3,7,8-
TCDD. Ten Vietnam veterans who had 
little or no exposure served as Vietnam 
control subjects. Seven veterans who 
served during the time oC the Vietnam 
War but who did not go to Southeast 
Asia served as Vietnam~ control sub­
jects. Era control subjects were in­
cluded to ensure that if something in 
Vietnam other than herbicide exposure 
led to elevated 2,3.7,8-TCDD levels we 
would be able to detect it. 

Each control subject was matched 
against an exposed veteran for the fol­
lowing (our factors in addition to sex: 
age at time o( entry into the study:!: 36 
months, dates oC military service ~ 36 
months, race/ethnicity (black. white. or 
Hispanic), and rank (all participants 
were enlisted men). There was thus one 
Vietnam control subject for each ex­
posed subject and one era control sub­
ject for each of seven of the exposed 
men. We were unable to find suitable 
matched era control subjects for three 
of the exposed men. 

Subject selection was initiated with 
a broad request for potential partici­
pants through the mass m~::', vete­
rans' service organizations, and church 
and community groups. There were ap­
proximately 2700 respondents who 
completed a short questionnaire that 
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provided age, dates of service, dates in 
Vietnam, race, branch of service, mili­
tary unit, and limited infonnation about 
exposure. From this group we identified 
100 men who seemed likely to have 
handled herbicides during a tour of duty 
in Vietnam. These !len were sent a 3(). 
page questionnaire detailing all military 
assignments in and out of Vietnam. all 
civilian occupations, hobbies, diet, and 
other activities that might influence 
exposure. Eighty-four questionnaires 
were returned. The returned question­
naires were reviewed by a selection 
committee that included the principal 
investigaton (a biochemist and an oc­
cupational physician), a psychologist, 
and two veterans with broad knowledge 
of conditions in Vietnam. The commit­
tee excluded those with confounding 
exposures and selected those who 
seemed to have the highest likelihood 
of exposure in Vietnam, but not else­
where. We then sent the same question­
naires to potential Vietnam and era 
control subjects from among the origi­
nal 2700 respondents who were appro­
priate matches for the exposed men. 

We used the ten men v.;th the highest 
exposure for whom we could obtain 
Vietnam control subjed.8, and for these 
we found suitable era control subjects 
for seven. Informed consent was 0b­
tained from all subjects after the nature 
of the study and its possible conse­
quences had been explained in detail. 

Military exposure status was con· 
firmed for Vietnam veterans (both ex­
posed· men and Vietnam control sub­
jects) by the US ArmylDepartment of 
Defense Joint Environmental Support 
Group. 'The Environmental Support 
Group confirmed exposure status by 
ascertaining whether the veteran had a 
job title that entailed potential exposure 
as a handler of herbicides. In the one 
case of an infantryman who was not a 
spray handler, his presence in areas 
sprayed by known herbicide missions 
was verified by the Environmental Sup­
port Group. Partly because of the em­
phasis on spray handlers and partly 
because of the methods of subject selec­
tion, this pilot study is not representa­
ti'le of all Vietnam veterans. Because 
exposure status was verified. however. 
we believe that recall bias doef> not 
affect the correlation betwe~n e;.posure 
status and body burden as fot-nd by 
chemical analysis, as bJth t'~ objec­
tively detennined. 

Five of the men v.oere members of 
Operation Ranch Hand, the Air FOrce 
unit that flew bed-wing aircraft on 
spray miAion8. Three of these were 
ground personnel who maintained the 
aireratt and spray equipment and who 
tuled the ta.n.ka with herbicide. The 

other two operated the spray eqUiP­
ment in ftigh:... A sixth man '~-as an Air 
FOrce freight handler who handled 
drums of defoliants.. Tv.·o men weN 
Army chemical corps specialists. One 
man was an Army helicopter crew chief 
who filled defoliant tanks and flew spray 
missions. The tenth man \\'38 an army 
light infantry combat soldier with d 

reported history of herbicide exposure. 
Groups of th:'t\., tv six subjects were 

admitted to the hospit¥l (fir 3n days of 
medical testing, during which they were 
examined by specialists in occupational 
and internal medicine, dermatology, 
neurology, psychology, and psyehiatry. 
A battery oC clinical testa also was done, 
including a study of immune function. 
and samples of adipose tissue and blood 
were taken for analysis, as described 
later herein. The results of the medical 
testing will be published separately. 

n .. ue Sampling 
Ten to 20 g of subcutaneous tissue 

were biopsied by liposuction and lran.!r 
ferred immediatdy to hexane-washed 
polypropylene cor.tainers, which were 
stored frozen. To increase the likelihood 
of finding 2.3,7,8-TCDD and its conge­
ners in the blood, each subject fasted 
for 24 hours in an attempt to mobilize 
TCDD from stored fatty resen'es. Fol· 
lowing the fast, 300 to 400 mL of blood 
were drawn into heparin as anticoagu­
Lant (see later herein). Serum fatty acids 
were monitored at 12·hour intervals 
during the last as an index of fat mobi­
lization. 

Care was taken to minimize the time 
that blood was in contact with the 
plastic blood-drawing apparatus to min­
i.miz.e lear.hing of plasticizer. The stan­
dard hospital blood bags that were used 
had been preJoaded with anticoagulant 
solution, which we removed, using the 
first 10 to 15 mL of blood as rinse. The 
rinse was discarded. F'resh heparin was 
added, and collection continued. The 
blood was transferred promptly from 
the bags to hexane-washed gl.a.~ con­
tainers that were stored on ice during 
trar.sport to the laboratory in New 
Brunswick, NJ. Red blood celis were 
separated by centrifugation at 4°C, 
yielding plasma samples of 150 to 160 
mL for chemical analysis. 'The plasma 
was placed in hexane-washed polypro­
pylene containers and stored frozen 
until analyzed. 

Semple Coding and twIdIIng 
An independent rercret' team of two 

people who were not as;,ociaterl with 
any of the institutions or ind:. vld..:.~· 
participating in the study roded ano 
relabeled the samples and returnee 
them to the investigators for shipment 
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:.J the Cr.lverr.:ty or Ume.a in Sweden, 
wnert! tht;> d.t!/"('.J('al analj's.:8 were per· 
fonne0.. Tr.1!I"'e was no relations.h1p be­
twt-tn ol:l(,c :u~d adipo&e tiss.Jc 3a.:nple 
nlm,bers.:'he 3.l'lW:;tic laoorauJry and 
t;·le iJr::'(,ip.;.&l ;;l·/fsti~ato:-s were thus 
oimd ';,) tr • .: e;·:J(.'SJ..i.r<; statU8&! fir tne­
mer. 1"ro;n w~}om the ~Inp:eb eamt: . .Jill 
aaaly1;~ resu.!u, W<.;rt! c!e~ted wi~:. ~iH' 
reft-l'e{: :'_'an~ before the code was re­
\·ell.lc....:. A C0Hst:quence of thE' CO<iinj{ 
"''as that no ar.alyses could be repe3ted. 
and there was not enough mate.riai for 
replicates. 

Chemical Analysl. 
Adipose llssue.-Sample extraction 

and containment enrichment were by 
the method of Stalling et alII and Smith 
et al. ll with minor modifications." 

The anah-tic m'?l.hod has been shown 
m "n interiatorat(;ry studY·' to have a 
Illgh Ql'gl'ee of qliantitative and qulili­
tativ.: rt'uahILtv. rt also has been vali· 
dated by ar.a'Yws fish, caw's truik, ana 
hUrr..a.I'l m,;~ fortited at different ievels 
"'ith known am01..:nts of carbon I3-lA­
beled ::-t<lndards" {C. Rappe. P.-A. 
Bergqvlz-i., R. Andersson. et ai, unpub­
lished data, 1980 l. 

High·resolutiOn gas chromatogra· 
phy/mas:, "pectrometry conditions were 
as ae:;eribt.'<i. '.1& In the present study, 
selectivity ""dS enhanced aver the inter­
laboratory study" by using a doublE'­
focusing mas!; s/X'ctromelry instrument 
(model 70-2.50, VG Limited, Manches­
ter, England) operating at a resolution 
of 6000 to 8000 caJtons. The background 
I"I->duction l':ll"t>liuced by this instrument 
alw re~!J~S in higher sensitivity. Isomer 
"epa.rd.;:lOn was aehieved by using 6O-m 
<:Ol\lmns (mode; SP2330 or SP2331, Suo 
p€lCO In(', Be:lefonte. Pa)." Every third 
sample was a systt>m blank. All sampit;., 
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were r"..an in electron impact. mode with 
selective ion monitoring." 

BJood.-The extractior. of blood 
p.aama waa based on partitioning in a 
sj':.\<tem of ehlorofonn. methanol, an<.! 
w-a.ter. The procedure is a mod:ificati<m 
of the method of Bligh and Dyer. 1.1 

Solvent was evaporated from a known 
amount of extract and the lipid that 
remained was weighed to detennine the 
fat content of the plasma. The fat w&s 

removed on a silica colum.'l t.hat was 
eluted with hexane and the extract was 
cleaned on a l-arbon column (Carbopack 
C, Supelco Ine. Bellefonte, Pa) that 
adsorbs the PCDDs and PCDFs. They 
were eluted from the carbon column in 
toluene. High-resolution Ir.s ehroma· 
tograpbylmass spectrometry conditions 
were the same &6 for adipose tiuue. 

Validation 01 Blood P1uma Anal,· 
sil.-A pooled plasma sample from the 
Regional Hospital in Umel was used 
for a validation stud)t The sample was 
divided into 12 aliquot.8 that were ana­
lyud individuall)t Each was fortified 
\\ith a standard mixture containing 
equal amounts of seven aac~-Jabeled 
PCDDs and PCDFs, which are marked 
with a dagger in Table 1. On a plasma 
basis, four spiking levels were used: 
0.018 parts per trillion (ppt). 0.068 ppt, 
0.18 ppt. and 0.58 ppt of each analyte 
in the mixture. Three aliquot.8 were 
spiked at each level, yielding triplicate 
analyses. FOr each sample the recovery 
of the standards was used to compute 
the levels of the "natural- carbon 12-
labeled PCDDs and PCDFs. resulting 
in 12 readings for each compound. The 
gas chromatography/ma88 spectrome­
try anaIyaes were performed in the 
same way as for adipose tisaoe. The 
analyses ag:ree with one another quite 
well (Table 1). 

Su.rroptes Cor Unknowna.-Forthe 
vetel"allS samples two aac·labeled stan· 
dards were 1l!:K:-d: lI(:12-labe1ed 2,8,7,8-
TCDD and octachlorodibenzo-p-dioxin. 
The protocol W8.8 fixed as of December 
1984, at the time that the first men 

'it.. alll 

entcm tho:! M&pit..r.1. Ai I.l .. u~ ' .. :;,,- (.: .' : 
UC-labele.:: S~e "cr., ;.,,1. .'_i/' • 

avaliabJe, Ait..'w",lh t;.,.(,- ... .lve·; l'~' ,-,,' 

come uvaila~le, w~ ttlv.lght lL tt-l c<!.!' n.~'. 
toO ehange the prot(Y~i)l cr,"'~ ;""'~." 
.had eornrr.enCi'G. 

The resWts have hP.oen t:<'. . ,- .' 

~VETI of the lahelt!-.... "t.··, ,:~< ~:, 
:a(;,:-idheled 2,3,7 ,8-TCi,; Z; .;:<' C:"".: • .' 
from plasma WlaL'! TlGl.'m.J.!, '.,.'. " ."·t 
The recove.ry ofUl':::;~·ia:...::e.: ""~<:' ~:~'" 
dibe:w:ra-dioxin fron-: !!:u.'U;; '; ~ .. , 
10Yrw, beirZ about m i:, :>4.ltl •. 

sample~ Recvn: .. -:t;:, (11 b-Ar. !!t8'luar{;~ 
from ddipo.se tissue :-:.:n::t::i f::-.lIc. b,-f ..... 
to 74%. Bk.:xi leveL, ':. ~ .'\ · ... ,."·.::;er 
gnun vfblood lip!G ACt:,.",~1."'(· ;~"­
els are present~ P!;'.";r"-:': i.J: '';''t'~ :";" 

sue. The detediui. b!L'~~ fr \:)."d, 1 ·(~·.c· 
and adipose tissue \VdS t f.!-;, ,)l' :<.'l!,-, ru 
gram of fat. In blood, WhiLll ~s .t)IJl'\·.l...· 
mately 1% fat, this '-'VlT\!~p(\lid!: to .. 
detection limit of 0.01 pglmL ,); v:tU);' 
blood, The analytic metbodt. (or ~1;00<1 
are described in greate..r detaG by ;'<.'f' 
gren et al.WD 

RESULTS 
The levels of 2,3.7.S-Cl\';Dii i:.", :-., 

exposed men eJCct,-ent.'<i ,',(",,,,, ~;', . r., 
pooled control subject.:. \' ... ,,~,i,· 1.,«. 

gin in both hlood (P<.Ol· .. IK1 •• :;; •. :,.~ 
tisaue (P<.OOl) rfl!Jl-! 2:. The ).~ :Jl.: 
Whitney U test \\~d.': ust."Il to} rom~·( 
the ex~ With tiff f.'JOled ':tlm .. ""'(·; 
llubJects. Althout..n 'reDl, !(!Vel" in '.h..' 
Vietnam control subJ&1.s c:Xt·(~ ..... ~(.d 
those in the Vaetnarr,-era oont."Oi s.,\.-· 
jeeta. the difference \\'as srn.all anrl JI,j' 

signifieanl 
In adipose tissue, t;1C :::,3.7,~·';:T;ij 

~vels in the exposed mer. exceed th( 
levels in their matcht.'d Vietna.ro: Ctm!.rol 
subjects in nine of th~ \A'l! pair-. Wi; 1. 
left~ The binomial p}'Oo<ioility o(finlh 1~ 
nine of ten subjects 'With an a prior. 
probability of.5 is JellS t.r.u.p .01. 

&-cause of technical prohlem~ ''!'iLh 
the blood sample from ~he ':~ :)~,: .. "ii 
individual in trio 5 m F.g ; . '1\ 
nine pairs comprising !ill e"i',:li . 

Agent Orange-t:xposed Veterans-Karon e: ., ,~<I_ 
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and a Vietnam control subject were 
suitable (or comparison. In six of these 
the exposed men exceeded their VIet­
ruam control subjects in 2,3,7.8-TCDD 
Jevei (.10>P>.05). 

Figure 2 presents the mean :!: 1 SEM 
for each of the analytes in fat. and blood 
by exposure status. In both fat and 
blood there is a strikingly higher level 
o( 2,3,7,8-TCDD in the exposed men 
(Table 2). None of the other compounds 
exhibited this pattern in fat. In blood. 
other compounds seem to be somewhat 
higher in the exposed men than in one 
or both groups of control subjects. 
While the origin of this effect was not 
identified with certainty, some o( it, at 
least, was due to recovery problems in 
the 'ac-labeled surrogates. This is es­
pecially likely (or octachlorodibenzo-p­
dioxin. (or which the blood recoveries 
were 101lI0; as mentioned previously 
herein. In any case none of these differ­
ences are as striking as that found (or 
2.3,7,8-TCDD. 

Figures 3 and 4 compare 1>lood and 
fat levels of 2,3,7,8-TCDD. As men­
tioned previously herein, only seven 
trios could be completed due to lack o( 
a sufficient number of era veterans who 
were acceptable as matches, who had 
no evidence of civilian or military ex­
posure, and who were available. There 
were thus 17 control subjects and, be­
cause of the failure of the analysis on 
the blood of one exposed individual, 
nine exposed veterans who were 
suitable for the comparison. In Fig 3 
all 17 control subjects fall in the do­
main bounded by blood and fat lew>!" 
of 15 pg/g. Only three -::!' ~t4;l rune ex­
posed men were in this range. The 
result is significant (F,l>her's exact test, 
P .001). 
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The data ror the group as a whole, 
exposed and control subjects taken to­
gether, are not normally distributed, 80 

a logarithmic transronnation was used. 
The correlation coefficient for the trans­
fonned data was .72 for aU 26 point.&. 
Because untranstormed values close to 
zero are sensitiye to variation in labo­
ratory analysis and have a large effect 
on the log value, Fig 4 shows the 
logarithmic regression (or men with 
both blood and fat levels greater than 
or equal to 1 pg/g. The correlation 
coefficient (or these 22 points was .89. 
The least squares regression yields the 
following: 

Joe (adipoee tissue level)-
0.86)( log (blood fat level) + 0.10 

The SEs ror the slope and intercept are 
0.10 and 0.26, respectively. The slope is 
significantly different from zero at the 
P = .0001 level but not di1ferent from 
1.0, and the intercept does not differ 
significantly from zero. Some of the 
scatter in the figure is probably due to 
the presence 01 nonlipid components in 
the adipoee tisaue sample&. The 2,3,7,8-
TeDD levels in fat and blood are similar 
if the blood levels are expressed on a 
per gram 01 blood fat buis. 

COMMENT 
One of the In()8t striking regl'jt" is 

that Vietnam veterans who were neavily 
exposed to Agent Orange exceed 
matched control subjects in ~,3, 7,8-
TCDD levels 15 to 20 years after expo­
sure (Table 2 and Fig 1). A comparison 
of their 2,3,7,8-TCDD levels with the 
levels found for other isomers (Fig 2), 
moreover, makes it highly likely that 
the elevated TCDD levels in the ex­
posed men are due to their wartime 

exposure to the defolianL It is thus 
clear that the compound has an ex­
tremely long half-life in human beings, 
considerably longer than the one-month 
haJJ·life found in laboratory rodents.. 11 

Gross et alII me.a.sured adipose tissue 
levels of three Vietnam veterans desig­
nated as heavily exposed and of several 
control veterans. Theirs was a feasibil­
ity study whose object was to determine 
the range of levels that might exist in 
the men, so the control subjects were 
not matched individually to exposed 
subject.&. Although the nature of the 
heavy exposure was not statea, they 
found a range of 20 to 173 pg of 2,3,7.8-
TCDD per gram of adipose tis~'ue in the 
exposed men and much lower levels in 
the control subjects. Their highest con· 
trollevel coincided with the lowest value 
in a heavily exposed subject. The range 
of levels observed by G!'0S8 et al in their 
exposed men is nearly Identical w ounl., 

although their samples were taken ap­
proximately ten years a.fter exposure 
while ours were taken after 15 to 20 
yean, suggesting slow excretion. Un­
fortunately. there are no data that allow 
us to compare exposures between their 
subjects and ours, so a more detailli-d 
comparison of the TeDD levels is im­
possible. 

Nygren et al,·· in addition, have re­
ported an adipose tissue value of .00 
pg/g in a Gennan chemical worker 
whose exposure 0CCUl'l"e<i in a factory 
accident in 1953 and who had had 00 

known subsequent exposure. A oiopsy 
sample of hi~ tissue was taken in 1984, 
31 years later. Schecter and RYL.,- and 
Rappe et al,l< studying other w<.',:,,'::­
from the same accident, foW'.c! Slrru!a: 
levels.. 

The only published estimate of tile 



Agent Orange exposure that m.;~r.t 
jlteld i. Coven U8SU~ level ofTCDD after 
a ten year period 18 that of 'Weerasinghe 
and Gro:;&- They based their estimates 
on a one-year o~l.t'·ute from pnm&te 
data,- or. 100% absorption of the ap­
pbed d~e, and on daily exposure for an 
entin: jLl1.l-, 

The liitudle·::, CIted ;:u,,-vlously herem 
suggest that TeDD hal! a longer half­
life in hlorr.ans than in rodents" or 
perhaps ;:Jrimates..- However. there has 
been littlt! \~;reet quantitative work on 
either haj; 'Jc it:;.t;!,J or on tt.e question 
0( whethe! eb.'nination over a long time 
is, in f3{!., <l first-crder process. FOlger 
and Sch;"':.te~ proVlded the first direct 
human naif-life measurement. :A:>iger 
consumed a smali amount of radio­
labeled 2.3,7.S-TeDD and monitored 
its excretion, findmg a half·life of ap­
proximat.?ly th-e years. A person who 
was exposed in 1966 and found in 1986 
to carry 50 pg/g, which 18 close to the 
average (41.7 pg/g. Table 2) in the ex· 
posed gT0Up. would thus have had an 
adi~se or blood fat burden of 800 ;>gIg 
im!"'.ediately alter exposure. 

!>lon:: Tl~en~ !y, Pirkle et alII' have 
repm1..ul 0:'-,1;':' r,~I-J.SuremcnLS in Air 
Force veteraI13 ir,vvlved In herbicide 
spray:!;!/{. 3amp:e~ drawn in 1987 were 
compa!'ed with .:>ample,. drawn in 1982 
and yielded a h.lf·life corrected (or 
background of 7.1 years. Using this 
number. back caiculation for a pe.n;on 
carrying 50 pg:g in 1986 would yield 
350 pg.'g as the body burden in 1966. 

All thl.';;e calculations, including those 
of'M?era.:;inghe and Gross, so assume. of 
course, that ior.g-tenn elimination is 
governed by a single first-orderprocess. 
Although the d .. t.a of Poiger and 
Schlatter"" ..tre cor.sistent with first­
order klnetics, their experiment ran (or 
oniy a few years. The question remains 
open for iong-tern1 I:!xcretion. 

Adipose tis.me and blood level::; are 
highly ~orreiated (figs3 and 4), making 
it likeiy ~hat blood sampling win ulti­
mately replace the rat biopsy in tests 0: 
body hunlen. Tb~ is the progre~sion 
that was followed for measurement,., of 
hamar. JNlycluor;';iated biphenyl il.'v, 
eis. III U:e deSire ~<, repllice inva.:;ive pro­
CedUN,; by !e,.-, tlrastic methods. being 
the mc>bating factor in both C3.bes, 

While '14'<' a:re optimistic that hlood mea­
surements ~11l become the nonn in the 
nt'ar future. we ::<lution that a few 
unanswered qut>stions remain. HOY.' es­
ser.tial I" fa.~tin6 before sampling': The 
R...~ (' ross re,'ommends against even a 
l:!-hour fast before blood donation, a 
pr<:cauti(;:1 that i5 aimed at avoiding 
UI;c0wa.td side effects on the donor. This. 
however. does not speak to the questiGn 
of the effect of fasting on the blood level 
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of diOxin. In the parallel study of Pat­
terson et al,3\> subjects consumed a re­
stricted diet prior to sam piing, and the 
blood-adipose correlation for TCDD 
was px.:ellenL This does not answer the 
question, however, of whether fasting 
..:hanges the blood level; adipose and 
blood levels could correlate in both si­
tuatIOns but VI.;th different constants in 
the logarithmic regression equation 
giver. previously herein. A test of the 
effects of fasting is therefore in prog­
ress. 

An additional point that should be 
considered concerns the use of adipose 
tissue measurements as a kind of "gold 
standard" for body burdens of lipophilic 
compounds such as dibenzodioxins. 
These and similar compounds accumu­
late in adipose tissue because of their 
hydrophobicity. It is usually assumed 
that the larger tile overall body burden. 
the larger will be the amount stored in 
the fat. This has not De('n tested ade­
quateiy. Second. once stored in adipose 
tissue. toxic compounds may be less 
likely to cause health problems than 
material in, for example. the liver or 
the central nervous system. We are thus 
left with the question of whether !!. wO!iJ­
validated blood al"::!j',;;" might. in fact. 
be a better index of potential health 
threat than wu",iu dn adipose tissue 
measurement. as it is blood rather thar. 
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Cat that circulates to VIla. iJ.gans. 
Should- it turn out, however, that the 
equilibrium between blood and fat is 
rapid with respect to the excretion rate. 
then they would constitute a single­
body "compartment," and measurement 
of either would suffice. 

The results support the statement 
that men with high levels \\'ere heavily 
exposed and can be distinguished €rom 
others by both blood and adipose ti88ue 
testing. In Fig 3 all six of the men 
whose 2,3.7.8-TCDD levels exceeded 
15 pg/g were in the exposed group; none 
or the 17 controlsubjecta exceeded that 
level. It seems reasonable that with 
further work it will become possible to 
use blood meaaurements &.II an aid in 
establishing cohorts or exposed and 
unexposed men for epidemiologic study 
of health efl'ect.a, although we recom­
mend strongly against the use of such 
measurements as the sole b,"SiR for 
classification (see later herein). h using 
body burden data. one may prefer to be 
conservative and set a cutoff for a des­
ignation of heavy expos'" c somewhat 
above IS pg/g. but it is clear that an 
acceptable value can be established. 
Using IS pglg gives a specificity (true 
negatives/all unexposed) or 100% and a 
sensitivity (true positives/all exposed) 
of 70%. 

I n Fig 3 three ofthe 20 points within 

the box bounded by 15 pglg are from 
exposed men. The probability that a 
person whose level falls below this 
might be heavily exposed is thus 15%. 
It is of interest, hov ... ever, that at least 
", r ~ he three men in the exposed 

61"""t' .. hose levels are less than 15 pglg 
may not have had the heavy exposure 
that characterizes the rest of the group. 
One, subject No. 9 in Fig I, was a 
ground S()ldier whose presence in 
sprayed areas for several months was 
verified but who wat. not a spray har.­
dler. An aeeurate knowledge of expo­
sure in such casel> is probiematic. An­
other, subject No.7, found early in his 
tour that the defoliants made hun 
acutely ill, and after a few missions he 
ceased to handle them. His expo..."ure 
could thus have been quite loY.: Thus, 
although a low blood or fa: ievel does 
not necessarily imply the complete ab­
sence of exposure, it would seem thac 
heavy exposure does leave sufficient 
levels of TCDD for the fact of heavy 
exposure to be detected in nearly all 
cases. 

In our experience minimally exposed 
men can be identified with considerabie 
rigor by a combination of techniques, 
including que8tionnaires. military rec­
ords, interviews in cases where needed. 
and measurements ofTeDD body bur­
den. Although none of these dat.a 
sources u; completely free of error, their 
combination is far less likely to result 
in misc1a.ssificatior. than any on~ or tW(l 

of them. Such a classification proce_:4!"(' 
should, in our opinion. ~ used for ~h€' 
exposed population as well. all avaiiable 



It 

data having to be consistent with ex· 
poaure or the lack of it to include a 
prospective subject in an epidemiologi­
cal study. If a leu rigorous procedure 
is to be used, then a carefully con­
structed validation will be essential. 

I t is partieularly interesting that two 
of the three men having the highest 
TCDD levels in this study were not 
members of Operation Ranch Hand, the 
Air Fbrce unit that operated the fixed· 
wing spray aircraft. They were Army 
chemie" corps specialists. Vk feel that 
chemica] corps personnel constitute a 
neglected and useful research resource. 

Finally, although we can clearly dis­
tinguish heavily exposed men from 
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others. the present data do not speak 
to the question of identifying persona 
whoee exposures are moderate and who 
constitute the bulk of the population, 
both military and civilian, who IM9 have 
been exposed to greater than bIclr,. 
ground level&. We focused this work on 
heavily exposed men becauIe we were 
uncertain of detecting TCDD in them 
in amounts exceeding thoee found in 
the control subject.&. Having found it. 
the next step is to examine men of more 
moderate exposure. Such a study is in 
progreaa. 
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well, the eoopentioD 01 the B~rnert ~ 
HOIIpitaI c.ur. PItencm, NJ. "'~ ... at all 
...... partieipIttd lIIthilliuticaJly ill till! c:are of 
our -.dI1lUbjeeta. 

tioa~PCDOt and PeDt'. in i":ma,, OIocod ,,j; . .&lIWl. 

C~ 1S188. in pr-. 
ZI. 8GIeJQ. RamaeyJC. 'Jie!lu:4;7TJ:!. ~(~ The 
6de ~ 2.S,7.~lUtf-p~>Jr """"". 
inc ainP and repeated on! d-""", W rJI,e 1"iII. 
7bricol AJ'J'I PIIomt4coi llr7ii;36:';ll'~ .. rb;. 
Z%. ero.. n. Lay JO Jr. !...yuo PA. f't w: 2.3.7 ,!!­
tetndIIorodibeilulD-~ Ie-.'e!a 1t1 ..... b{lC8l' tis:rue 
01 Viet Nam 9tteru& Ell>","", R.ri 1984;.a:U6!· -Z3. Schoecter AJ. RyanJJ: ruy~hl~na:.I'" dii.>l!,lro-
p-diolrill and dibelllOluran le\-elll in h<.:liW\ ad! ~ 
u.ue awl 30 :ran atter OC'CIIp!I1ional expoeu~ tAl 
2.3.1.S.TCDD in Lu(h.ipIlaft.1I, ~ ... \. Pre­
_ted at the Sixth Int.ena. i.,.nai SympollliUIII 011 
Diolrills aDd Related Compound!., I-\UwoU..1apu.. 
Sept 18. li86. 
U. Rappe C, Anderaon R. Bs-cGvi~ P·A . et aI: 
~ ~ environmental &t(' at chIor'.nat.eci di­
om. and rel8t.ed _pound~ !OIJI'CIe5. IeYeIs. and 
iaomeric patt.wllin various matnee:t. C .... MMp4.tre 
1987;16:1603-1618. 
zs. ~ MeA.. C..".. ML: 0riciM d" poly· 
chlorinated dibenIo-JHtiolliIlll Ul the en~t. 
in Kamrin IIA. Rod&en PW \edar. fJ1o.ri ..... "' 1M 
Ellviro'u~ ~ DC. Hemi.s:pIwft Pub­
IiIIhine Corp. 1_. lIP 133-151 . 
•• IleNulty Wp. N"lel.s.O'!n-Snuth IA. Lay J(, .'T. 
• aI: ~ 0{ TCDD i.., 1'I'IOII.Uy ~ 
titIIue. 1botl CItrItI1I/(ricoi 1~98'i 
%7. Pbipr H. Schlatter C: Ph~ (.,( 
TCDD in mI.ft. ~ted a.J.lhe fiftb In.I.e.rnlItiooal 
Sympoa.ium 011 Chlorinated DIollin$ and Related 
Compounda. Bayreuth. Welt German); 3t>pt 16. 
1986. 
28. Pirkle JL. \\bUt' WH. Pattenotl OG Jr. I!( aI. 
Esti .... W oIhaI!·life 0I2.3.1.8-tetnod1Iorodibemo­
,.-dioxin in RaIlcb Hanrl ~ Preeellt..ed at Ute 
Sewllth llltenll.t.ional SJ1llP08ium 011 ~ 
1AolriIIa and ReIatMId Compound$. La ...... Oct 
1.1987. 
21. ~ M. Tbornton J. F'lIIChhein A. e: aI . .o-~ 
po.ition 01 poIydllorinated biplH!nyl ~ 7t' 
oc:cupal.ionaDy exr-' peno~ '7b.Ticol .... J1Pl 
PIIo.m&Q.Coi 1~. 
30. Pattenon OG Jr. Needtwn LL. ~ JL. 
et aI: COmllabons between eeNln and adilJ08l! 
IeWllaat2.3.1.S. TCDD in 5Open!On~ from Missouri. 
Arclt E .. IliJ'Oft CO'IItIJIK 1brien/ 19!!8;1~:139-1.a. 
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