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since the spraying began in 1962. Eighty
percent of the population live in rural
areas. They traditionally wear open sandals
or walk barefoot while working in the fields;
they eat fcxxi grown on contaminated soil;
and they consume water from contami-
nated areas. By contrast, American veter-
ans generally served in Vietnam for only 1
year and consumed US-supplied fcxxi.

Exposure to Agent Orange can best
be assessed by identifying tissue levels of
2,3,7,8- TCDD, the dioxin characteristic of

Introduction

Studies of Agent Orange and its
dioxin contaminant, 2,3,,7,8-tetrachloro-
dibenzo-p-dioxin (TCDD), commonly re-
ferred to as "dioxin," have focused mainly
on American veterans.l The health conse-
quences for the Vietnamese have seldom
been considered. This paper summarizes
the assessments of exposure conducted
from 1970 to 1974 and from 1983 to 1994.

Of the herbicides sprayed during the
Vietnam War (known in Vietnam as the
Second Indochina War), Agent Orange
was by far the most abundant.l,2 Through-
out the course of that war, which ended in
1975, American and South Vietnamese
fixed-wing aircraft sprayed more than 12
million gallons of Agent Orange over about
10% of what was then South Vietnam, the
area below the 17th parallel. Additional
spraying was conducted fflJm helicopters,
from back-packs, and from boats. Spraying
began in 1962, intensified in 1967, and is
believed to have ended in 1971. This
phenoxyherbicide defoliant, named for the
orange coding stripes on the 55-gal barrels
in which it was stored, consisted of 50%
2,4-dichlorophenoxyacetic acid (2,4-0) and
50%, 2,4,5-trichlorophenoxyacetic acid
(2,4,5- T) in an n-butyl estc~r formulation.
The latter was contaminated with the most
toxic dioxin congener, 2,3,7,8- TCDO, which
is believed to have been present in Agent
Orange at an average level of 3 ppm. In
Agent Purple, a related herbicide, TCOD
contamination averaged 30 ppm.

Because TCDD is very persistent in
human tissue and the environment,l-4 the
potential health effects of Agent Orange
are of particular concern to the Vietnam-
ese people, some of whom have been at risk
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1.9, and 0.6 ppt, respectively). In southern
specimens from the 1980s, the highest
individual TCDD level was 103 ppt. In a
pooled adipose tissue sample from 10
northern soldiers who had served for
many years in Agent Orange-sprayed
jungles in the south, the TCDD level was
8.1 ppt (not shown on Table 1). In the
northern samples from the general popu-
lation, the highest level was 2.9 ppt.

Figure 1 illustrates TCDD levels in
human milk over time. During the period
in which fixed-wing aircraft sprayed Agent
Orange and just after it ended in 1970,
these levels were quite high; they then
gradually declined. The highest dioxin
level in 1970 specimens was approxi-
mately 1832 ppt, lipid.25 Of individual
samples from five women in 1970, positive
levels shown varied from approximately
333 to 1832 ppt. There were also several
samples in which TCDD was not de-
tected. In three human milk samples
obtained in 1973, TCDD levels ranged
from 133 to 280 ppt, lipid. Several other
samples had undetectable levels. Aliquots
taken from 1973 archived milk previously
analyzed by Baughman were found to
contain TCDD levels between 77 and 230
ppt when analyzed by Ryan; these results
were similar to the original data.

Table 2 shows dioxin contamination
from Agent Orange as well as from other
sources. In contrast to TCDD, found in
Agent Orange, higher chlorinated dioxins
and dibenzofurans with five to eight
chlorines are found in chlorinated phe-
nols used as wood preservatives and in
agriculture. The mean results of pooled
blood analyses by specific dioxin or diben-
zofuran congener and by geographic
region are presented for the first 698
patients in our pooled-blood series of
1991/92. These results are converted to
dioxin toxic equivalents, reflecting total
dioxin toxicity using "international"
weighting toxic equivalency factors.37-39
As previously noted, these factors range
from 1.0 for 2,3,7,8-TCDD to 0.001 for
octachlorodibenzo dioxin. Here, mean
TCDD level varies from 2.2 ppt in the
north to 12.9ppt and 13.2 ppt in the south
and central regions, respectively. Total
measured blood PCDDs and PCDFs,
reflecting dioxins ( and dibenwfurans)
from industrial sources40-44 as well as
Agent Orange, averaged 853 ppt in the
south, 1145 ppt in the central region, and
287 ppt in the north. Total PCDD and
PCDF dioxin toxic equivalents aver-aged
31.3,50, and 15.3 in these blood samples.

Table 3 presents TCDD levels and
total dioxin toxic equivalents in the 43

tissue are relatively similar (12.6, 7.5, and
14.7 ppt, lipid, respectively). In samples
from the north, mean levels for blood,
milk, and adipose tissue are lower (2.2,

southern and central areas of Vietnam
and 144 from the north).

In the southern samples, mean
TCDD levels in blOOd, milk, and adipose
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finalization from the Science Advisory
Board of EPA) conclude from an exten-
sive review of dioxins' toxicity and of
human exposure that levels of dioxins
found in the general US population may
be at or close to levels that have conse-
quences for health. Possible conse-
quences are increased risk for cancers,
adverse reproductive and developmental
effects, immune deficiency, endocrine dis-
ruption, neurological damage including
cognitive and behavioral damage from in
utero exposure, and other health effects.52
Since the dioxin levels shown here in
Vietnam often exceed US levels, this
suggests that health consequences are all
the more likely to be expected in Agent
Orange-exposed Vietnamese. 0
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These studies in Vietnam were con-
ducted under less than ideal circum-
stances. During the early period, the
country was involved in military conflicts,
first with the United States (ending in
1975) and then with Cambodia and
China. From 1978 to 1994, the country
was under a US-imposed economic em-
bargo. But even under these difficult
conditions, the various human tissue
samples, collected opportunistically and

sporadically, clearly document elevated
levels of 2,3,7,8-TCDD, the only dioxin
contaminant of Agent Orange, at much
higher levels in persons living in areas
sprayed in southern Vietnam than in
persons living in the unsprayed north,
above the 17th parallel, where we find
some of the lowest dioxin tissue levels
reported worldwide to date.31.43

In milk samples collected from nurs-
ing women in 1970, during the time of
spraying, we found the highest dioxin
levels reported in milk to date: approxi-
mately 1832 ppt TCDD.2.48 In samples
collected in 1973, three years after the
spraying of Agent Orange is thought to
have ended, somewhat lower but also
markedly elevated levels of dioxin were
still found in milk. At present, levels in
milk from the southern samples are
declining to levels similar to those found
in industrial countries, although they are
still higher than those found in the north
of Vietnam. In the United States, for
example, TCDD levels are 3 to 6 ppt in
the general population and total dioxin
toxic equivalents are between 20 and 40

ppt.. lipid.4.49
Dioxins originate from many sources.

These include municipal waste or toxic
waste incineration, paper and pulp bleach-
ing using chlorine, chlorinated phenols
used as fungicides, wood preservatives
and pesticides, feed stocks used in chemi-
cal production, herbicides, and polychlori-
nated biphenyl transformer fires.40--44
There is a characteristic pattern of dioxins
and dibenzofurans from each of these
sources, as there is for Agent Orange,
where only TCDD is characteristic.

As noted previously, total dioxin
toxicity; characterized by dioxin toxic
equivalents from all congeners, is higher
than toxicity of TCDD alone. This will
become even more the case as dioxins,
dibenzofurans, and dioxin-like polychlori-
nated biphenyls from industrial processes
and agricultural use add to the human
body burden of dioxin-like chemicals.
Thus, accurate exposure assessments,
whether for environmental fate, risk as-
sessment, or dioxin health studies, need to
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consider all dioxins present and total
dioxin toxic equivalents, not just 2,3,7,8-
TCDD. Blood values of TCDD may be
elevated but total dioxin toxicity may not
be, or the reverse might be the case. Both
scenarios are seen in Table 3. Thus, total
dioxin toxicity is not always proportionate
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Mapping the geographic areas where
TCDD elevation in Vietnamese tissue
reflects the presence and bioavailability of
dioxin from Agent Orange can be helpful
to others besides the Vietnamese. With
areas of likely intake identified, large
numbers of individual blood dioxin analy-
ses of Vietnam veterans from the United
States, Korea, and Australia might not be
necessary.
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planning research studies. Complete di-
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zation certified laboratories currently cost
up to $2000 each. Collection, shipping,
and medical interpretation further in-
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certain methodological limitations.

Now that Vietnamese-US scientific
teams are in place and have years of
experience working together, environmen-
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that uses 2,3,7,8-TCDD elevation relative
to other dioxins in blood as a marker can
be completed relatively quickly, given
sufficient funding. This should pave the
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Understanding the health effects of
dioxin exposure in Vietnam will be valu-
able, not only for the almost forgotten
Vietnamese, but also for the United
States and other industrialized nations
that seek to evaluate the health risks of
widespread exposure to TCDD and other
PCDDs/PCDFs. The health of American
veterans exposed to Agent Orange is of
concern, as is the health of Vietnamese in
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additi9n, there are about I million immi-
grants from Vietnam, Laos, and Cambo-
dia now living in the United States; these
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in Vietnam since th(:y too are potentially
at risk for advers'~ health effects of
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The US Environmental Protection
Agency Draft Dioxin Reassessment Docu-
mentsSO.51 (released for public and scien-
tific review in late 1994 and awaiting~
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