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Dioxins and Dibenzofurans in Blood and
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Vietnam veterans who were heavily exposed to Agent Orange exceeded
matched control subjects in both blood and adipose tissue levels of 2,3,7,8-
tetrachiorodibenzo-p-dioxin (TCOD) but not in the levels of the 12 other 2,3,7,8-
substituted dioxins and dibenzofutans that were detected. Since only TCDD
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 TCDD
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 coukd replace adipose tissue
measurement of TCDD levels, making the collection of human data less

invasive.

ESTABLISHING the existence or ab-
sence of health effects in populations
that are exposed to low levels of toxic
chemicals is made difficult by a number
of factors. Among these classification of
study subjects into exposed and unex-
posed groups often 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 effects one seeks
to measure, 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,'*
some of whom were exposed to the
defoliant mixture known as “Agent
Orange,” which was contaminated
with  2,3,7,8tetrachlorodibenzo-p-di-
oxin (TCDD; during the manufacture
of its 2,4,5-trichlorophenoxyacetic acid
herbicide component. may very well
suffer from this problem.

With the discovery by Rappe et aj+
that survivors of the Yusho accident? in
Japan had detectable traces of diben-
zofurans in their blood 11 years after
consuming contaminated cooking oil, it
became apparent that chlorinated mul-
tiring aromatic compounds can have
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long half-lives in human tissues. {In
Japan in 1968, rice oil, which is used in
cooking, became contaminated during
processing by a polvchlorinated bi-
phenyl-based heat exchange fluid. The
fluid, in turn, contained small amounts
of chlorinated dibenzofurans, leading to
a total dibenzofuran content in the rice
oil of 5 ppm.) The results sugyested
that measurement of tissue leveis in
persons who were exposed in the dis-
tant past might confirm exposure
status

In early 1584, Rappe et al* reported
14 potychlorinated dibenzo-p-dioxins
(PCDDs) and polychlorinated dibenzo-
furans (PCDFs) in samples of human
adipose tissue from northern Sweden.
The compounds had between four and
eight chlorines, and ali were substituted
at the 2, 3, 7, and 8 positicns. Labora-
tories on three continents have since
confirmed these observations, and it is
now accepted that there is a background
of these compounds in the population of
the industrialized world.*" Among
these substances, however, only 2,3,7,8-
TCDD was present in Agent Orange so
that isomer-specific measurement of the
entire series should provide us with
both positive and negative controls in
correlating tissue levels with exposure
status, as only 2,3,7,8TCDD levels
would be expected to be elevated in
herbicide-exposed men.

Halogenated dibenzodioxins and di-
benzofurans are lipid soluble and 1.
to accumulate in adipose tissue. Moot
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studies have therefore analyzed fat,
which reguires 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 al.»

A program to compare exposure of
Vietnam veterans to Agent Orange with
their 2,3,7,8-TCDD body burdens and
with their healti- statuses has therefore
been undertaken by the State of New
Jersey and 18 known as the “Pointman
Project” The present pilot study was
designed primarily to determine, by
isomer-specific analysis of all tetrachlo-
rinated to octachlorinated dibenzo-
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 years ago and
whether blood and adipose tissue levels
are correlated.

PROCEDURES
Study Groups

Twenty-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 of the
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 of the Vietnam
War but who did not go to Southeast
Asia served as Vietnam-era 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 four factors in addition to sex:
age at time of entry into the study = 36
months, dates of 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 medi., 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 information about
exposure. From this group we identified
100 men who seemed likely to have
handled herbicides during a tour of duty
in Vietnam. These men were sent a 30-
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
investigators (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-
na! 2700 respondents who were appro-
priate matches for the exposed men.

We used the ten men with the highest
exposure for whom we could obtain
Vietnam control subjects, and for these
we found suitable era control subjects
for seven. Informed consent was ob-
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 Army/Department of
Defense Joint Environmental Support
Group. The Environmental Support
Group confirmed exposure status by
ascertaining whether the veteran had a
jobtitle 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-
tive of all Vietnam veterans
exposure status was verified, however,
we believe that recall bias does not
affect the correlation betwean e..posure
status and body burden as found by
chemical analysis, as both =r. objec-
tively determined.

Five of the men were members of
Operation Ranch Hand, the Air Force
unit that flew fixed-wing aircraft on
spray missions. Three of these were
ground personnel who maintained the
aircraft and spray equipment and who
filled the tanks with herbicide. The

other two operated the spray equp-
ment in flight. A sixth man was an Air
Force freight handler who handled
drums of defoliants Two men were
Army chemical corps specialists One
man was an Army helicopter crew chief
who filled defoliant tanks and flew spray
missions. The tenth man was an army
light infantry combat soldier with a
reported history of herpicide exposure.
Groups of thre. 10 six subjects were
admitted to the hospitul for 572 days of
medical testing, during which they were
examined by specialists in occupational
and internal medicine, dermatology,
neurology, psychology, and psychiatry.
A battery of clinical tests 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

Tissue Sampling

Ten to 20 g of subcutaneous tissue
were biopsied by i:posuction and trans-
ferred immediately to hexane-washed
polypropylene corntainers, 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 reserves. 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 fast 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-
imize leaching of plasticizer. The stan-
dard hospital blood bags that were used
had been preloaded with anticoagulant
solution, which we removed, using the
first 10 to 15 mL of blood as rinse. The
rinse was discarded. Fresh heparin was
added, and collection continued. The
blood was transferred promptly from
the bags to hexane-washed glass con-
tainers that were stored on ice during
transport 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 analysia The plasma
was placed in hexane-washed polypro-
pylene containers and stored frozen
until analyzed.

Sample Coding and Handling

An independent referee team of two
people who were not asso<iated with
any of the institutions or ind.vidu. ..
participating in the study coded ana
relabeled the samples and returnec
them to the investigators for shipment
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presant in the sampie and delecisd in Yw vaksation
anaysis
20 the University of Umea in Sweden,
where the chemical analyses were per-
formed. Tiere was no relationship be-
tween blood wiid adipose tissue sample
nuinbers The anuiytic laboratcry and
tae princinal ihvestigators were thus
ciind ©0 tne exposure statuses of tne
raen from whom the sampies came. All
analytic reswits were deposited with the
referec {can. before the code was re-
veaitu. a cunsequence of the codiny
was that no analyses couid be repeated,
and there was not enough materiai for
replicates.

Chemical Analysis

Adipose Tissue.—Sample extraction
and containment enrichment were by
the method of Stalling et ai’* and Smith
et ai,”* with minor modifications.

The anaivtic method has been shown
in an interlaboratery study™ to have a
high degree of quantitative and guali-
tative reliability. It aiso has been vali-
dated by anavaing fish, cow’s mlk, and
human muk fortited at different ievels
with known amounts of carbon i3-la-
beled standards® (C. Rappe, P-A.
Bergqvist, R. Andersson, et al, unpun-
Lished data, 1386).

High-resoiution gas chromategra-
phy/mass spectrometry conditions were
as described.** In the present study,
selectivity was enhanced over the inter-
laboratory study' by using a double-
focusing mass spectrometry instrument
(model 70-250. VG Lirmnited, Manches-
ter, Engiand) operating at a resolution
of 6000 o 8000 caitons. The background
reduction: produced by this instrument
also res.lis in higher sensitivity. Isomer
separation was achieved by using 60-m
columns (mode. SP2330 or SP2331, Su-
peico inc, Bellefonte, Pa).” Every third
sampie was a system blank. All samples
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were run in electron impact mode with
selective ion monitoring,

Blood.—The extraction of blood
piasma was based on partitioning in a
system of chloroform, methanol, and
water. The procedure is a modification
of the method of Bligh and Dyer®
Soivent was evaporated from a known
amount of extract and the lipid that
remained was weighed to determine the
fat content of the plasms. The fat was
removed on a silica column that was
eluted with hexane and the extract was
cieaned on a carbon column (Carbopack
C, Supelco Inc, Bellefonte, Pa) that
adsorbs the PCDDs and PCDFs. They
were ¢luted from the carbon columa in
toluene. High-resolution gas chroma-
tography/mass spectrometry conditions
were the same as for adipose tissue.

Validation of Blood Plasma Analy-
sis.— A pooled plasma sample from the
Regional Hospital in Umes was used
for a validation study. The sample was
divided into 12 aliquots that were ana-
lyzed individually Each was fortified
with a standard mixture containing
equal amounts of seven 1C,-labeled
PCDDs and PCDFs, which are marked
with a dagger in Table 1. On & plasma
basis, four spiking levels were used:
0.018 parts per trillion (ppt), 0.058 ppt,
0.18 ppt, and 0.58 ppt of each analyte
in the mixture. Three aliquots 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® earbon 12-
labeled PCDDs and PCDFs, resulting
in 12 readings for each compound. The
gas chromatography/mass spectrome-
try analyses were performed in the
same way as for adipose tissue. The
analyses agree with one another quite
well (Table 1).

Surrogates for Unknowns.—For the
veterans' samples two *C-labeled stan-
dards were used: “C,-labeled 2,3,7,8
TCDD and octachlorodibenzo-p-dioxin.
The protocol was fixed as of December
1984, at the time that the first men

entered the hospital, Al wal ume ol
uC-labeled surrogate: were ;.o:. AT
avaliable. Aithough tus mave =

come availadle, we tavaghi 1 tt. mt'.
to change the Protol Crre ania
had commencec.

The resuits have been oo ”
recovery of the labeles s
aC ~labeled 2,3,7 8-TCLi
from plasina wae rormal.y 1
The recovery of u,-m.ae ed «w
dibenze- p-dioxin from pigama v .- =
lower, beiry about 2% i s G
samples. Recovenes of bitn stangarc.

from adipose tissue onzed S Gode

to 74%. Bliod level: . = on v wed er
gram uf blood ipid. A e Tauitev-
els are presenteG pe™ I L ReL s

sue. The detectici. oo {7 boch 7 owe
and adipose tissue was { fx, or leSs yar
gram of fat. In blood, which is P00
mately 1% fat, this corres;,nm“ .
detection limit of 0.01 pg/mL i whui
blood. The analytic methods for ‘nac!
are described in greater detaii by Ny-
gren et al.®

RESULTS
The levels of 2,3,7.5- D0 wn ©os
exposed men excseded (e . he

pooled contrul subjecis v a Wi e

gin in both blood (P<.0@:@ anc a i 2
tissue (P<.001) {Tacie 2. The 3 .
Whitney U test was used W comparc
the exposed with the¢ pooled -untro
subjects. Although ‘TCDi fevels in "he
Vietnam control subiects exveeued
those iz the Vietnam-era contri su.t-
Jjects, the difference was small and 5u°
significant.

In adxpose tissue, ine £,3,7,%- U0
levels in the exposed men exceed the
levels in their matched Vieinar cuniro:
subjects in nine of the ien pairs (Fig 1.
left). The binomial probability of find: e
nine of ten subjects with an a priori
probability of .5 is less ihas .01

Because of technical pro')iem. .mh
the biood sample from the =3
individual in trio 5 in Fugr
nine pairs COMPrising an e€aj-.:¢<. .
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Fig 1.—Comparison of 2,3,7.8-tetrachiorodibenzo-p-dicaun (TCDO) levels in adipose hssue (left) and blood plasma (nght). Each bar
represents a sampie from one man Note absence of Vietham-era control subjects (ciosed bars) in tnos 1, 7, and 10. Broken bars
nchcate broken Y axis, continuous bars, continuous part of axis; sisshed bars, exposed iIndmduais; and open bark, Vietnam controt
subjects. No ieveis in blood piasma are presented for exposed individual No. 5.

and a Vietnam control subject were
suitable for comparison. In six of these
the exposed men exceeded their Viet-
nam controi subjects in 2,3,7,8-TCDD
levei (.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
of 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 of it, at
least, was due to recovery problems in
the :*C-labeled surrogates. This is es-
pecially likely for octachlorodibenzo-p-
dioxin, for which the blood recoveries
were low, as mentioned previously
herein. In any case none of these differ-
ences are as striking as that found for
2,3,1,8-TCDD.

Figures 3 and 4 compare blood and
fat levels of 2,3,7,8TCDD. As men-
tioned previously herein, only seven
trios could be completed due to lack of
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 levels
of 15 pg/g. Only three < tie nine ex-
posed men were in this range. The
result is significant (I".shier's exact test,
P =.001).
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The data for the group as a whole,
exposed and control subjects taken to-
gether, are not normally distributed, so
a logarithmic transformation was used.
The correlation coefficient for the trans-
formed data was .72 for all 26 points
Because untransformed values close to
zero are sensitive to variation in labo-
ratory analysis and have a large effect
on the log value, Fig 4 shows the
logarithmic regression for men with
both blood and fat levels greater than
or equal to 1 pg/g The correlation
coefficient for these 22 points was .89.
The least squares regression yields the
following:

log (adipose tissue leve]) =
0.86 x log (blood fat level) +0.10

The SEs for the slope and intercept are
0.10 and 0.25, respectively. The slope is
significantly different from zero at the
P =_0001 level but not different 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 of nonlipid components in
the adipose tissue samples. The 2,3,7,8-
TCDD levels in fat and blood are similar
if the blood levels are expressed on a
per gram of blood fat basis

COMMENT

One of the most striking resvits is
that Vietnam veterans who were neavily
exposed to Agent Orange exceed
matched control subjects in 2,3,7.8
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 defoliant [t is thus
clear that the compound has an ex-
tremely long half-life in human beings,
considerably longer than the one-month
half-life found ir: laboratory rodents =

Gross et al® measured adipose tissue
levels of three Vietnam veterans desig-
nated as heaviiy exposed and of several
control veterans. Theirs was a feasibil-
ity study whose object was L0 determine
the range of levels that might exist in
the men, so the control subjects were
not matched individually to exposed
subjects 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 tissue in the
exposed men and much lower leveis in
the control subjects. Their highest con-
trol level coincided with the lowest value
in a heavily exposed subject. The range
of levels observed by Gross et al in their
exposed men is nearly 1dentical to ours,
although their samples were taken ap-
proximately ten years after exposure
while ours were taken after 15 to 20
years, suggesting slow excretion. Un-
fortunately, there are no data that allow
us to compare exposures between their
subjects and ours, so a more detailed
comparison of the TCDD levels is im-
possible.

Nygren et al,'* in addition, have re-
ported an adipose tissue value of 100
pg/g in a German chemicali worker
whose exposure occurred in a factory
accident in 1953 and who had had no
known subsequent exposure. A diopsy
sample of his tissue was taken in 1984,
31 years later. Schecter and Ryan® and
Rappe et al,* studying other wor-e:s
from the same accident, found simulas
levels.

The only published estimate of tne

Agent Orange—Exposed Veterans—Kahn e al



Agent Orange exposure that mugnt
yeld a oven tissue levei of TCDD after
a ter- year period 1s that of Weerasinghe
and Gross.® They based their estimates
on a one-year nalt-life from primate
data,® or 100% absorption of the ap-
phed dose, and on daily exposure for an
entire yuar

The studies orted prvviously herein
suggest that TCLD has a longer half-
life in humans than in rodents® or
perhaps primates ® However, there has
been little direct quantitative work on
either hai 'ife itse.f or on the Guestion
of whethe: ¢limination over a long time
i8, in facr, a first-crder process. Poiger
&nd Sch.a.tere” provided the frst direct
humar nalf-iife ineasurement. Poiger
consumed a small amount of radic-
labeled 2,3,7,8-TCDD and monitored
its excretion, finding a half-life of ap-
proximately five yeara 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 grcup, would thus have had an
adipose or blood fat burden of 800 pg/g
immediately after exposure.

More necen. !y, Pirkle et a® have
reported owcd - rueasurements in Air
Force veterans involved in herbicide
spraying. Samp.es drawn in 1987 were
compared with sariples drawn in 1882
and yielaged a haif-life corrected for
background of 7.1 years Using this
number, back caiculation for a person
carrying 50 pg/g in 1986 would yield
350 pg’g as the body burden in 1366.

All these caleulations, including those
of Weerasinghe and Gross,® assume, of
course, that iong-term elimination is
governed by a single first-order process.
Although the data of Poiger and
Schiatters® are consistent with first-
order kinetics, their experiment ran for
oniy a few years. The question remains
open for iong-term excretion.

Adipose tissue and blood levels are
highly correlated (Figs 3 and 4), making
it bkely that biood sampling will ulti-
mately replace the fat biopsy in tests of
body burden. Tris is the progression
that was followed for measurements of
human polychlorinated bipheny! iev-
els,® the desire {c replace invasive pro-
cedures by less arastic methods being
the motivating factor in both cases
While we are optimistic that blood mea-
surements will become the norm in the
near future, we caution that a few
unanswered questions remain. How es-
ser.tial 13 fasting before sampling” The
Red Cross recornmends against even a
12-hour fast before blood donation, a
preeaution that is aimed at avoiding
urntowaird side effects on the donor. This,
however, does not speak to the questicn
of the effect of fasting on the blood level
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with an orsnate that differs from that of oths' ten compounxis X

inchicates exposed subiects (ten); V. Vietham control subjects {ten); E, era control sutsects (seven). KxCDT
hexachiorodibenzo-p-diowin; HpCDD, heptachiorodibenzo-p-dioxn; OCDD. octachionodbenzo-p -hoxy:
TCOF. wtrachiorodibenzoturan; PeCOF, pentachiorodibenzoluran; HxCDF. hexacniorogiwnzcturan
HpCODF, heptachiorodibenzohuran; TCDD, setrachiorodibenzo-p-dioun; and PeCDD pentachicrodtbenza-

p-dioxm.
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Fig 3 —Companson ¢f biooc fal with adipose tissus levais of 2,3.7 8-tetrachiorodibenzo-p-dioxin
{TCOO) Leas! squares regression line 1s orawn Box near ongsn is drawn at 15 pg/g on both axes
it conmauns all 17 controi subjects (closed CIrcies) some atlp one ancther, and three of nine
exposed men (open Circies) for whom companson 18 Dossible.

of dioxin. In the parallel study of Pat-
terson et al.® subjects consumed a re-
stricted diet prior to sampling, and the
blood-adipose correlation for TCDD
was excellent. This does not answer the
question, however, of whether fasting
changes the blood level; adipose and
blood ievels could correiate in both si-
tuations but with 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 the overall body burden,
the larger will be the amount stored in
the fat. This has not been tested ade-
quateiy. Second, once stored in adipose
tissue, toxic compounds may be less
likely to cause heaith problems than
material in, for exampie, the liver or
the central nervous system. We are thus
left with the question of whether 2 weil-
validated blood anczlysi> might, in fact,
be a better index of potential health
threat than wouuiu an adipose tissue
measurement, as it is blood rather than
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fat that circulates to viia uvrgans
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 were heavily
exposed and can be distinguished from
others by both blood and adipose tissue
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
of the 17 control subjects exceeded that
level. It seems reasonable that with
further work it will become possible to
use blood measurements as an aid in
establishing cohorts of exposed and

men for epidemiologic study
of health effects, although we recom-
mend strongly against the use of such
measurements as the sole begis for
classification (see later herein). In vsing
body burden data, one may prefer to be
conservative and set a cutofi for a des-
ignation of heavy exposi.c somewhat
above 15 pg/g but it is clear that an
acceptable value can be established.
Using 15 pg/g gives a specificity (true
negatives/all unexposed) of 100% and a
sensitivity (true positives/all exposed)
of 10%.
In Fig 3 three of the 20 points within

po men for whom companson was possible and from tnose
whose TCDD leveis were greater than 1 pg/g.

the box bounded by 15 pg’g 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, however, that at least

“ *he three men in the exposed
xs vup w hiose [evels are less than 15 pg/g
may not have had the heavy exposure
that characterizes the rest of the group
One, subject No. 9 in Fig 1, was a
ground soldier whose presence in
sprayed areas for several months was
verified but who was not a spray harn-
dler. An accurate knowledge of expo-
sure in such cases i3 probiematic. An-
other, subject No. 7, found eariy in his
tour that the defoliants made mm
acutely ill, and after a few missions he
ceased to handle them. His exposure
could thus have been quite low Thus,
although a low blood or fa: ievel does
not necessarily imply the complete ab-
sence of exposure, it would seem that
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 considerable
rigor by a combination of techniques,
including questionnaires, military rec-
ords, interviews in cases where needed,
and measurements of TCDI) body bur-
den. Although none of these data
sources s completely free of error, their
combination is far less likely to result
in misclassificatior: than any one or two
of them. Such a classification proce. ure
should, in our opinion, be used for *he
exposed population as well, all avaiiable
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data having to be consistent with ex-
posure or the lack of it to include a
prospective subject in an epidemiologi-
cal study. If a less rigorous procedure
is to be used, then a carefully con-
structed validation will be essential.

It is particularly interesting that two
of the three men having the highest
TCDD levels in this study were not
members of Operation Ranch Hand, the
Air Force unit that operated the fixed-
wing spray aireraft. They were Army
chemicr. corps specialists. We feel that
chemical corps personnel constitute a
neglected and useful research resource.

Finally, although we can clearly dis-
tinguish heavily exposed men from
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